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rhe determinants of interest rates across the spectrum of bond ma-
turities are of keen interest to the general public—borrowers and 
lenders—as well as to economists. Particularly during 1992, the 
spread between the shortest and longest maturity rates grew un-
usually wide, leaving many observers wondering what to infer 

from this gap (see Chart 1). Many, including some policymakers, see the 
current steep yield curve as an ominous sign of future inflation. The infla-
tion forecasts implicit in interest rates carry strong credibility with most 
market observers because interest rates in part represent bets backed by 
wealth rather than casual forecasts with little at stake. The trouble is that in-
terest rates are influenced by more than just market expectations of infla-
tion; other factors cloud the inflation signal perceived in the term structure 
or relationship between interest rates. 

This article discusses key past and current research studying the informa-
tion on inflation contained in the nominal (face-value) term structure of inter-
est rates.1 The literature consists of two distinct but complementary strands. 
One analyzes the impact of inflation on interest rates; the other, the implicit 
inflation forecast in interest rates. The current evidence suggests that the 
yield curve does indeed give useful forecasts of inflation, especially at 
longer-term horizons, but much still needs to be learned about the various 
factors that influence nominal rates. The first section provides a background 
for the discussion in subsequent sections of more recent research. The sec-
ond section considers research that has examined the short end of the yield 
curve, extending to bond maturities of one year. The final section looks 
at the longer-term yield curve. One pragmatic reason for this short-term/long-
term dichotomy is that Treasury bill yields, which run to maturities of up to 
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one year, are more readily analyzed than note and 
bond yields. Another reason is that, according to re-
cent studies (discussed below), the term structure be-
haves very differently in these two maturity segments. 

background 

Numerous economists have viewed interest rates in 
terms of a decomposition into real (inflation-adjusted) 
and expected inflation components. In fact, the notion 
that interest rates reflect inflation expectations goes 
back centuries. Thomas M. Humphrey surveyed the 
historical development of the conceptual division of 
nominal rates into the real interest rate and expected 
inflation. According to Humphrey, the first record of 
such a distinction was made in the 1740s by William 
Douglass, a "Scottish-born physician, pamphleteer, 
controversialist, and student of American colonial cur-
rencies" (1983, 3). Douglass noted how lenders includ-
ed an inflation premium in loans that were expected to 
depreciate in value because of the free printing of un-
backed currency. Others to offer the same hypothesis 
before the twentieth century include Henry Thornton, 
John Stuart Mill, Alfred Marshall, and J.B. Clark. The 

fullest articulation of the distinction between nominal 
and real rates was by Irving Fisher in his 1896 treatise, 
Appreciation and Interest, and was elaborated further 
in his 1930 classic, The Theory of Interest. 

Fisher viewed the nominal rate of interest in terms 
of a goods rate (or real rate) and a rate of appreciation 
(or inflation): "The theoretical relation [now called the 
Fisher relation] between interest and appreciation im-
plies, then, that the rate of interest is always relative to 
the standard in which it is expressed. The fact that in-
terest expressed in money is high, say 15 percent, 
might conceivably indicate merely that general prices 
are expected to rise (i.e., money depreciate) at the rate 
of 10 per cent, and that the rate of interest expressed in 
terms of goods is not high, but only about 5 percent" 
(1930, 41-42). Fisher expressed the future value of a 
dollar of principal (one plus the nominal interest rate) 
as the following product: 

1 + it = (1 + 7tp( 1 + r), or it = r ; + rt + n% 

where K'f is the expected rate of inflation over the 
coming period (for example, one year) formed at time 
t and rt is the real rate.2 This is the equation that Fish-
er derived in his 1896 monograph. For small real rates 
and expected inflation rates, the cross-product term is 

Chart 1 
Treasury Yield Spreads 

(Weekly, January 4, 1989, to April 14, 1993) 

Basis Points 
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negligible. The logic of this equation is that if a loan 
were paid in a basket of goods, the interest charged 
would be r , also representing payment in goods, not 
money. Conversion into money after one period would 
be at the rate K' r which gives the rate of exchange 
of money for goods. Inflation increases the dollar 
amount paid, and deflation diminishes it. In other 
words, an anticipated inflation is predicted to have no 
impact on the real return of assets denominated in 
fixed monetary value—for example, the real returns 
of bonds. This view was in accord with the prevailing 
classical monetary theory, which held that monetary 
phenomena, like inflation, only affect the price level 
and have no "real" effects. Although the Fisher rela-
tion is a straightforward concept, it has been very dif-
ficult to verify empirically because neither anticipated 
inflation nor the real rate of interest is directly observ-
able. 

In writing The Theory of Interest, Fisher in part 
sought an explanation for the so-called Gibson para-
dox. In a series of articles written in the 1920s, A.H. 
Gibson documented a strong positive correlation be-
tween the yields on long-term British bonds (Consols) 
and the level of a commodity price index over 130 
years, which contradicted classical theory's prediction 
that the nominal rate and price level are independent. 
Fisher put the problem this way: "If perfect foresight 
existed [that is, if the Fisher relation held], continuous-
ly rising prices would be associated not with a contin-
uously rising rate of interest but with a continuing 
high rate of interest, and falling prices would be asso-
ciated not with a continuously falling rate of interest 
but with a continuing low rate of interest, . . . assum-
ing, in each case, that other influences than price 
change remained the same [the real rate of interest is 
stable or constant]" (1930, 411-12). 

The Fisher relation implies that the nominal interest 
rate and the change in the price level are positively 
correlated. Fisher attributed the Gibson paradox, 
which he confirmed in his own empirical studies of the 
con-elation, to the sluggish adjustment of inflation ex-
pectations. 

Thomas J. Sargent (1973) explained how Fisher's 
econometric work supposedly resolved the Gibson 
paradox by finding that expectations of inflation were 
formed adaptively on the basis of long lags of past in-
flation experience—ten to thirty years' worth. Fisher's 
proxy for unobscrvable expected inflation, a weighted 
summation over a long series of past price changes, is 
highly correlated with the price level (because the sum 
of long series of price changes will be close in value to 
the current level). Because of the implausibility of 

such long lag lengths, many later economists rejected 
Fisher's view that sluggish expectations formation ex-
plained the Gibson paradox. 

Sargent found that the assumed direction of causa-
tion running from inflation to nominal rates was erro-
neous in Fisher's work and many subsequent studies. 
Fisher and other later researchers regressed interest 
rates (the dependent variable) on current and lagged 
inflation rates (the explanatory variables). Sargent 
showed statistically that inflation and nominal interest 
rates simultaneously cause each other through a feed-
back relationship.3 He thus provides a link between 
the two distinct strands of the interest rate/inflation lit-
erature identified earlier. His analysis of the time-series 
properties of inflation and interest rate data led him to 
conclude that "the interest rate contains information, 
over and above that contained in lagged rates of infla-
tion, that is useful in predicting the rate of inflation" 
(1973, 447). Much subsequent research has been de-
voted to evaluating the forecast power of interest rates 
for inflation. 

inflation and the Shorter-Maturity 
Term Structure 

Eugene F. Fama is one of the founders of the effi-
cient markets school of finance, which predicates its 
analysis of markets on market participants' rationality 
and on their efficient use of all relevant information in 
determining market prices. In Fama (1975) he took the 
view that, if the real rate of interest is approximately 
constant and markets are efficient, the nominal return 
on a Treasury bill would be correlated with the subse-
quently observed rate of inflation over the term of the 
Treasury bill. That is, nominal rates would move over 
time only because the expected inflation component of 
those rates changed. Furthermore, if inflation is pre-
dictable to some extent, rationality of inflation fore-
casts implies that nominal interest rate changes would 
move one-for-one with subsequently realized inflation 
on average. To test this hypothesis, Fama ran ordinary 
least squares (OLS) regressions of ex post (realized) 
inflation on interest rates, which according to Fisher 
contain the ex ante (expected) inflation rate. His exami-
nation of the very short end of the yield curve for the 
period from 1953 to 1971 confirmed his hypotheses 
that the market is efficient, the expected real rate of re-
turn was constant over the sample period, and varia-
tions in one- to six-month Treasury bill returns were 
statistically significantly correlated with subsequently 
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observed inflation.4 These results stand in sharp con-
trast to the previous empirical results that imply market 
inefficiency because of sluggish expectations forma-
tion. 

Fama's article was influential and controversial. His 
conclusion that the expected real rate of interest is con-
stant (at least over the sample period he examined) was 
criticized by a number of researchers (P.J. Hess and 
J.L. Bicksler 1975; C.R. Nelson and G.W. Schwert 
1977; D. Joines 1977; K. Garbade and P. Wachtel 
1978). They all detected some variation in expected re-
al returns using different methodologies. Nevertheless, 
their results supported Fama's main point that interest 
rate fluctuations are driven predominantly by variations 
in expected inflation. Motivated by these critics' find-
ings, Fama and Michael R. Gibbons (1982) hypothe-
sized that the expected real rate evolves as a "random 
walk"—that is, changes in the expected real rate from 
one period to another are unpredictable and permanent. 
They estimated an inflation-interest rate regression 
similar to Fama (1975) but including a time-varying in-
tercept term, representing the random walk of the real 
rate, instead of a constant. They found that, during the 
1953-77 period, expected inflation over horizons of 
one month or one quarter also behaved like a random 
walk. Most important, using a more flexible economet-
ric approach they reaffirmed Fama's earlier finding that 
fluctuations in expected inflation primarily account for 
variations in short-term interest rates. (The ratio of the 
variance of monthly expected real returns to the vari-
ance of the monthly expected inflation rate was .2, and 
the ratio using quarterly data was .25.) 

Fama and Gibbons estimated and analyzed a nega-
tive correlation between expected inflation and expect-
ed real interest rates, which had previously been noted 
by a number of researchers.5 A complete consideration 
of why a negative correlation exists is beyond the 
scope of this article, but for the sake of providing 
some economic intuition one prominent theory is 
sketched. The Mundell-Tobin theory (Robert Mundell 
1963; James Tobin 1965) holds that an increase in ex-
pected inflation and associated higher nominal interest 
rates raises the opportunity cost of holding money, 
which earns no interest. People attempt to reduce 
money holdings for interest-earning assets, namely 
bonds, and doing so depresses their expected real re-
turn. In turn, the lower expected real rates stimulate 
capital investment, lower the return to capital (the real 
rate), and increase output. In fact, Fama and Gibbons 
advance a different explanation than Mundell-Tobin 
for the negative correlation. What is important for the 
following discussion of the Fisher relation is simply 

the existence of a correlation between expected infla-
tion and real rates because of its statistical complica-
tions in drawing inferences from the term structure. 

Frederic S. Mishkin (1981 b) developed a new econ-
ometric approach for decomposing nominal rates into 
real rate and expected inflation components. Like 
Fama, Mishkin took the view that the bond market is ef-
ficient and employed the relatively new rational ex-
pectations methodology. Operationally, this approach 
simply provided a rationale for assuming that the 
market's inflation forecast errors are entirely unsys-
tematic and unforecastable. This maintained hypothesis 
about market behavior allowed Mishkin to substitute 
the measurable ex post real interest rate for the unob-
servable ex ante rate in doing his econometrics, a 
well-established procedure in empirical rational expec-
tations studies. 

Symbolically, according to the Fisher relation, the 
nominal interest rate is if = nc¡ + r (the sum of the ex 
ante inflation rate and ex ante real interest rate). The 
ex post real rate is measured as it - 7t = (n* + r) -71,= 
r, - (71, - 71 p, where Kr is the ex post inflation rate and 
the term (nr - n'¡) is the market's inflation forecast er-
ror over some time interval like a month or a year. 
Mishkin assumed that the average inflation forecast 
error over a long period of time is zero, that is, unbi-
ased, and furthermore that it is uncorrelated with it-
self over time and contemporaneously uncorrelated 
with other variables, like the real interest rate or the 
rate of inflation. In other words, the ex post real rate 
differs from the ex ante real rate only by an unfore-
castable "noise" term. These assumptions allow pre-
dicting the ex ante real rate on the basis of simple 
linear regressions of the ex post real interest rate on 
observable variables, such as past inflation rates, mon-
ey growth, and unemployment rates, correlated with 
the ex post real rate. 

Mishkin's approach was evidently partly motivated 
to counter the evidence that had accumulated against 
the Fisher relation, and bond market rationality gener-
ally, by researchers relying on survey data that he felt 
were seriously flawed (see Mishkin 1981b, especially 
footnote 7). His method did indeed find strong support 
for the Fisher relation. Though influential and widely 
cited, Mishkin's procedure has its shortcomings and 
its critics (see Kenneth J. Singleton 1981). 

Mishkin (1990a) examined the shorter-maturity term 
structure and found that, contrary to Fama and Gib-
bons, the term structure communicates almost nothing 
about future inflation. Mishkin's regression analysis is 
very similar to Fama and Gibbons's. Mishkin esti-
mates what he terms an inflation-change forecasting 
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equation, which is reproduced here to aid the follow-
ing discussion: 

Km-K" = OL +B (/ — i '') + T)"'". i i mn "mnx 1 I' 1 I 

This equation expresses the ex post (realized) change in 
the inflation rate, measured as the rate over a longer fu-
ture period m minus the rate over a shorter future period 
n, as a linear function of the difference or spread be-
tween two corresponding nominal interest rates, ob-
served at time t. For example, the ex post difference in 
the rate of inflation over a six-month horizon versus a 
three-month horizon, both intervals starting at time t, is 
regressed on the time t spread between a six-month 
Treasury bill yield and a three-month Treasury bill yield. 
The regression assesses the implicit forecasted change in 
the inflation rate contained in the yield spread or "slope" 
of the term structure. The details of this equation's 
derivation from the Fisher relation are given in Box 1. 

Statistical rejection of the hypothesis that fimn = 0 
indicates a significant correlation between the spread 
and future inflation. The hypothesis that f3mn = 1 means 
that the spread gives an unbiased forecast of future in-
flation (at least during the sample period). There are a 
number of explanations for the rejection of unbiased-
ness. One is that the ex ante real interest rate spread 
may also predict the change in the inflation rate, but 
this variable does not appear in the equation. In fact, it 
is implicitly a component of the disturbance term 7fJ", 
which because of the real rate spread may be correlat-
ed with the nominal interest rate spread, biasing the 
slope coefficient away from one (see Box 1). 

The regression can be recast in terms of the ex post real 
interest rate, with ex post inflation omitted. Mishkin 
shows the simple algebra that converts the inflation 
change regression into an ex post real interest rate change 
regression (ex post real rate regressed on interest rate 
spread), in which the slope coefficient is 1 - fimn. Thus, 

B o x i 

T h e i n f l a t i o n - c h a n g e r e g r e s s i o n d e r i v e s f r o m the 
Fisher relation. The expected rate of inflation over m fu-
ture periods is ne™ = i™- r™ (and nm

t = i"t- r" over n pe-
r iods) . Ex pos t in f l a t ion is e x p e c t e d in f la t ion p lus a 
forecast error: tz"'= Ke™ + s™. Wi th the Fisher relation, 
nem _ ¡m_ ¡.m^ ^ u n o b s e r v a b l e expected inflation is sub-
st i tuted out of the equat ion fo r ex post inf la t ion. T h e 
equation for ex post inflation becomes K"/ = /"' - rm

t + 
e"' . The final step in deriving Mishk in ' s equation is to 
take the dif ference between equations for w-period and 
«-period ex post inflation rates. Because both the infla-
tion rate (see Robert B. Barsky 1987) and nominal and 
real interest rates are close to being random walks, dif-
ferencing is assumed to induce stationarity, which is nec-
essary to sa t is fy O L S regression requi rements fo r sta-
tistical inference. The resulting equation is 

k"' - tu'; = (¿7 - /?) - (r? - r") + (s? - <). 

The real rate is further decomposed into a dif ference in 
the mean real rate over the sample period and deviation 
f rom that mean, 

rm = j m + (rm _p») =Jm + 

and similarly for the n-period horizon. The components 
of the spread in real interest rates, 

rm _ ,.n _ ( j m _Jn ) + („>» _ M»); 

are rearranged to facilitate the analysis. The dif ference in 
means over the two forecast horizons is subsumed in a 
constant term, a = 7" -Tm, and the real rate deviations mn 
are combined with the inflation forecast errors in a com-
posite disturbance term, r f | " = s"/ - s" -(«"'- u"t). This 
last equation is then converted into the final fo rm of the 
inflation-change regression, 

K - K = a,nn + PrJi",' ~ ' P + 

where (3mn = 1 if the d i s tu rbance term is uncorre la ted 
with the interest rate spread. 

The d is turbance term in the above regress ion, y]"'", 
will of course consist only of inflation forecast errors if 
the real rate of interest is constant . T h e real world turns 
out to be more complicated. By O L S regression theory, 
cons i s t en t e s t ima t ion of f3mn with its " t r u e " va lue re-
quires that the dis turbance term be uncorrelated with the 
interest rate spread. T h e rational expecta t ions a s sump-
tion ensures that the inflation forecast errors componen t 
of the d is turbance is uncorrela ted with the spread, but 
the real interest rate deviations can be and in fact are re-
lated to the spread, as demonstra ted in numerous earlier 
papers, including Mishkin (1981b) and Fama and Gib-
bons (1982). Reject ing unbiasedness (p m n = 1) therefore 
indicates that the slope of the real term structure fluctu-
ates. 
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with two equations, forecast power of the spread 
becomes tautologically divided between explaining 
changes in real interest rates and changes in inflation. 

For the period from February 1964 to December 
1986, Mishkin found that the term structure for Trea-
sury bills with less than six months to maturity has 
slope coefficients that are insignificantly different from 
zero. For inflation-change regressions using bills with 
nine- and twelve-month maturities, some forecast pow-
er was evident. Charts 2-4 show scatter plots of the 
variables that enter the inflation change regression, us-
ing data from July 1964 through September 1991 that 
were sampled quarterly to reduce the density of plotted 
points.6 The values of (m, n), in months, are (3, 1), (6, 
3), and (9, 6) for Charts 2, 3, and 4, respectively. The 
interest rate spread appears on the horizontal axis, and 
the ex post inflation change, on the vertical axis. In ad-
dition, monthly inflation/interest rate spread pairs are 
shown using two symbols: squares represent observa-
tions before October 1979, when the Federal Reserve 
changed its operating procedure to deemphasize target-
ing the Federal funds rate; diamonds represent post-
October 1979 observations. As discussed in Mishkin's 
work, there is much evidence that nominal interest 

rates became more volatile after the change in operat-
ing procedure. 

If the real interest rate were constant and the market 
had perfect foresight, all points would fall along a 45-
degree line running from the southwest quadrant to the 
northeast quadrant in a plot with equal vertical and 
horizontal scales. Forecast and actual outcome would 
coincide exactly. Because the variability of actual in-
flation rates is so great compared with the variability 
of the nominal interest rate spread, the horizontal and 
vertical axes are drawn with different scales; conse-
quently, the "45-degree" line is much less than 45 de-
grees in these plots. The inflation rate is notoriously 
difficult to forecast by any method, and thus large ex-
pectation errors are not surprising. The pre-October 
1979 observations tend to cluster more tightly because 
of the lower volatility that characterized both yields 
and inflation during this period. Because interest-rate 
spreads at the short end of the yield curve tended to be 
positive during the sample period, most observations 
fall in the northeast and southeast quadrants. 

The monthly inflation-interest rate spread pairs fall 
evenly above and below the horizontal axis. The infla-
tion change regression lines in Charts 2 and 3 are flatter 

Chart 2 
Two-Month Inflation Change versus Three-Month-One-Month Yield Spread, 
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Chart 3 
Three-Month Inflation Change versus Six-Month-Three-Month Yield Spread, 

Treasury Bills 
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Chart 4 
Three-Month Inflation Change versus Nine-Month-Six-Month Yield Spread, 
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than the "45-degree" lines. Especially for Treasury bill 
maturities of less than nine months, as in Mishkin's 
work, the small slope coefficients and cloud-like disper-
sion of observations above and below the regression 
line indicate only a weak correlation between yield 
change and inflation change. 

The flip-side of the inflation change regressions is 
the ex post real interest rate regressions. Mishkin found 
that the real interest rate slope coefficient, 1 - /3imi, is 
highly statistically significant and not significantly dif-
ferent from a value of one for three-month/one-month 
interest rate spreads. However, spreads using longer 
maturities up to twelve months proved to be almost al-
ways statistically insignificant. Under the maintained 
hypothesis that expectations are rational, the implica-
tion of these results is that changes in nominal inter-
est rates at the very short end of the term structure are 
based on variations in the real rate of interest, not in-
flation expectations. 

Fama (1984), N. Gregory Mankiw and Lawrence H. 
Summers (1984), Gikas A. Hardouvelis (1988), and 
Mishkin (1990a) have all analyzed the determinants of 
the slope coefficient (3mii. Theoretically, the value of the 
slope coefficient depends on the correlation between 
the expected change in the inflation rate and the spread 
between real interest rates for the corresponding time 
horizon as well as on the ratio of the standard deviation 
of the expected inflation rate change to the standard de-
viation of the spread in real interest rates. Based on a 
fixed negative inflation-real rate correlation, the theo-
retical pattern for the slope coefficient is the following. 
For maturities of less than six months, the standard de-
viation of the expected inflation change is dominated 
by the standard deviation of the slope of the real rate. 
The slope coefficient takes negative values in this range 
but rises toward unity for twelve-month bills and can 
greatly exceed unity (approaching 2, depending on the 
correlation) as maturity lengthens. As the horizon 
moves to long-term maturities, the slope gradually falls 
back to unity, implying that the standard deviation of 
the real term structure slope goes to zero and all varia-
tion in the term structure at long horizons stems from 
changing inflation expectations. 

In Mishkin (1990a), ex ante inflation rates and ex 
ante real rates were estimated using Mishkin's (1981b) 
technique, which relies on the rational expectations as-
sumption that inflation forecast errors are uncorrected 
with any variables at the time a forecast is made (that 
is, they are unsystematic and unpredictable). Using 
these estimates, the measured inflation-real rate cor-
relation is - . 8 on average, ranging from - . 5 to - .97 , 
depending on the sample period and maturity of un-

derlying bonds being analyzed. Mishkin's regression 
results are therefore qualitatively consistent with his 
theoretical analysis. The pattern of slope coefficients as 
the forecast horizon lengthens roughly conforms to the 
theoretical shape given a negative correlation. 

While this finding is suggestive, it is open to ques-
tion because neither expected inflation nor the real in-
terest rate is directly observable. Mishkin's analysis 
hinges crucially on the validity of the rational expecta-
tions assumption that inflation forecast errors are un-
correlatcd with expected inflation and ex ante real 
interest rates. Nonzero correlation of inflation forecast 
errors with expected inflation or ex ante real interest 
rates would also bias the slope coefficient away from a 
value of one. (See Singleton 1981 for other concerns 
about Mishkin's estimates.) Further consideration of 
the long-term interest rate analysis is given later. 

Real Interest Rates and Risk Premia 

What factors shift the slope of the real term struc-
ture? Mishkin does not address this point directly. More 
theoretical structure is needed to gain insights into the 
behavior of real interest rates, such as that in John C. 
Cox, Jonathan E. Ingersoll, Jr., and Stephen A. Ross 
(1985a) and Douglas T. Breeden (1986), which give the 
most comprehensive development of the contemporary 
theory of real interest rates. The real rate of interest is 
fundamentally related to the productivity of capital, 
which fluctuates over time because of unpredictable 
shocks to technology and the production process (for ex-
ample, technological innovations and oil price shocks). 
At the same time, the real rate varies with changes in in-
vestors' attitude toward risk and willingness to save and 
defer current consumption (which may be induced by 
changes in productivity and wealth).7 

According to the expectations theory of the term 
structure, longer-term real interest rates are averages 
of current and future expected short-term real interest 
rates (see Peter A. Abken 1990). Thus, real rates any-
where along the maturity spectrum are interrelated via 
the expectations mechanism. However, the term struc-
ture of real interest rates is only indirectly observable 
in the nominal yield curve; shocks to expected infla-
tion may obscure movements in the real yield curve. 
For example, a rise in expected inflation may cancel 
the effect of a fall in the real rate on the nominal rate. 
Mishkin claims that at the short end of the yield curve, 
variation in expected inflation is small compared with 
variation in real interest rates. 
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The expectations theory is usually amended to al-
low for possibly time-varying term premia. Risk arises 
from the uncertainty surrounding both the nominal 
and real returns of Treasury securities. Because of un-
predictable movements in real and nominal interest 
rates, a bond's real return (price appreciation plus in-
terest earnings) over its life is always uncertain, as is its 
nominal return (unless the nominal bond is held until 
maturity). Term premia comprise risk premia and in-
flation uncertainty components. These are discussed in 
the next section. Subsequently, recent models of the 
nominal term structure are considered that explicitly 
treat the dynamics and interactions of real and nomi-
nal interest rates and risk premia. 

Real and Nominal Risk Premia. Simon Benninga 
and Aris Protopapadakis (1983), Breeden (1986), and 
Martin D.D. Evans (1989) (among others) have con-
sidered risk and risk premia in the context of the Fish-
er relation. The upshot of their research is that under 
conditions of uncertainty, when real and nominal rates 
are explicitly modeled as evolving stochastically (ran-
domly) through time, the Fisher relation fails to hold 
theoretically. In addition to the real rate and expected 
inflation, risk premia and the effect of inflation uncer-
tainty are also components of the decomposition of the 
nominal rate. 

Theory predicts two sources of risk, nominal and 
real, that require modifying the Fisher relation, which 
was derived long before the technical tools for model-
ing uncertainty were developed. The real risk premium 
of a nominal bond derives from the bond's usefulness 
in hedging against adverse changes in consumption. 
Bonds are stores of wealth; they transfer wealth from 
one time period to another. What investors ultimately 
value is the flow of goods and services that they buy 
through current income and savings. Risk-averse in-
vestors (who are also consumers) seek to smooth the 
flow of consumption over time. This is the basic con-
clusion from theories of optimal consumption and in-
vestment (Breeden 1986). Smooth consumption is 
preferred to low consumption one period followed by 
high consumption the next because the "disutility" of 
deficient consumption outweighs the added utility 
from surplus consumption, and bonds can help even 
out the consumption flow. Bonds that offer nominal 
returns that tend to be high when consumption is high 
(or, more technically, marginal utility of consump-
tion is low) and low returns when consumption is low 
(marginal utility is high) must compensate investors 
for being relatively poor hedges against the risk of 
variations in the flow of consumption over time. If the 
risk premium were insufficient, risk-averse investors 

would avoid buying such bonds or would sell them 
and consequently drive down their current price and 
increase their expected return, other factors being the 
same. 

The standard Fisher relation juxtaposes nominal and 
real (inflation-indexed) bonds of the same maturity.8 

Benninga and Protopapadakis show an alternative 
(but equivalent) formulation of the Fisher relation that 
highlights term structure relationships in the decompo-
sition of nominal rates into real rates, expected infla-
tion, and risk and uncertainty components. This ap-
proach equates longer-term bond prices with expected 
prices for equivalent roll-over investments in shorter-
term bonds for the same holding period. The real term 
premium—the expected return on longer-term real bonds 
over and above that on shorter-term real bonds for the 
same holding period—reflects a longer-term real bond's 
ability to hedge consumption risk. The hedging char-
acteristics will differ across real bonds of varying ma-
turity, and consequently each will require a different 
level of risk premium. Intuitively, a real bond will in-
clude a positive risk premium if the sale of that bond 
before maturity generates a capital loss at the same 
time that consumption is low (and conversely capital 
gains when consumption is high).9 The real risk pre-
mium may vary over time, for example, as investor 
wealth changes. Thus, in addition to fluctuations in 
short-term real rates over time, the real risk premium's 
own variation may contribute to shifts in the slope of 
the real term structure. 

The nominal term premium is analogous to the real 
term premium. Nominal term premia may be infor-
mally viewed as the sum of two parts. One component 
depends on the nominal bond's usefulness as a hedge 
against shifts in future consumption, and thus the com-
ponent is a real risk premium for a nominal bond. The 
other component reflects the inflation-hedging charac-
teristics of a nominal bond. If longer-term bonds, for 
example, are more susceptible than shorter-term bonds 
to having their realized nominal returns over a given 
holding period wiped out to some extent by unexpect-
ed inflation (because of capital losses on the bonds), 
then they will be less desirable to own and will require 
extra return as compensation. Even if investors do not 
require a risk premium to bear consumption risk, the 
nominal term premium would still exist if the inflation-
hedging characteristics of bonds differed across bond 
maturities.10 

Benninga and Protopapadakis point out that only if 
nominal and real bond prices are highly correlated will 
nominal and real term premia have the same sign. In the 
extreme, if expected inflation were constant, real and 
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nominal term premia would be identical, but in general 
they will be different and each may vary over time. 
Variability in real and nominal term premia contributes 
to shifts in the slope of the nominal term structure.11 

Uncertainty about the future price level drives an-
other wedge between nominal and real interest rates 
and is also another component of nominal term pre-
mia. This type of uncertainty is called the Jensen's in-
equality effect, identified by Stanley Fischer (1975), 
among others.12 As the volatility of the price level in-
creases (or equivalently, as the inflation rate becomes 
more volatile), the nominal interest rate falls relative 
to the real rate, other things being equal. The magni-
tude of the Jensen inequality effect depends only on 
the degree of variability of the future price level (tech-
nically, on its variance and possibly higher moments 
as well), not on the risk aversion of the consumers/ 
investors in the economy. The effect is a mathematical 
phenomenon and does represent compensation for 
bearing risk. 

Box 2 gives some simple examples of Jensen's in-
equality as applied to the expected rate of inflation as 
well as the economic intuition underlying the exam-
ples. Dilip K. Shome, Stephen D. Smith, and John M. 
Pinkerton (1988) found empirically that the Jensen in-
equality effect is not statistically significant in the 
Fisher relation, whereas their measure of the nominal 
risk premium is highly significant.13 

Model-Based Studies of the Term Structure. Two 
recent studies, by George G. Pennacchi (1991) and 
Tong-sheng Sun (1992), use explicit models of the 
nominal and real term structures to measure the real 
rate of interest and expected rate of inflation. These 
studies employ a class of models that restrict interest 
rate movements along the term structure in such a way 
that there are no arbitrage opportunities possible (see 
Abken 1990). In other words, the models imply that 
the ex ante returns to investing in any bond or combi-
nation of bonds is the same for a given holding period, 
except for the possible addition of a risk premium 

(which augments the return but does not represent an 
arbitrage opportunity). Although these model-based 
studies are not about inflation forecasting per se, they 
do shed additional light on the results of regression-
based studies. 

Unlike previous research based on continuous-time 
term structure models, Pennacchi (1991) and Sun (1992) 
worked out tractable models that allow for the nonneu-
trality of money (specifically, an inverse correlation of 
real interest rates and expected inflation). The most 
important aspect of these models for the current dis-
cussion is their basic setup. Both assume that all term 
structure movements are driven by a small set of so-
called state variables, which are the sources of unpre-
dictability in interest rates. Both researchers use data 
sets on Treasury bill yields of various maturities to in-
fer the relationship between the real rate and expected 
inflation. This approach contrasts with regression-
based methods that examine the relationship at each 
maturity in isolation. The model-based approach cap-
tures the dynamics of the interest variables and is not 
intended to assess the forecasting performance of in-
terest rates. Pennacchi's and Sun's work may be useful 
in gauging how expected inflation and real rates move 
through time. 

Pennacchi estimated the parameters for two theoret-
ical processes (that is, equations that describe the dy-
namics of variables) for the expected rate of inflation 
and for the real interest rate. A determinant of the real 
interest rate is the rate of return on physical capital, 
which represents the real wealth in the economy. The 
rate of return on capital is affected by the expected rate 
of inflation; consequently, the real rate of interest is al-
so partly determined by expected inflation. The reverse 
is also assumed to be true. The expected rate of infla-
tion is partly driven by the contemporaneous return on 
capital and by shocks to that return. Thus, like Sar-
gent's earlier work on the Fisher relation, expected in-
flation and real interest rates are mutually determined 
in this model. 

Box 2 

The J e n s e n ' s inequali ty e f f ec t is i l lustrated us ing a 
simple example based on the mathematical derivation of 
the F i s h e r t h e o r e m in B e n n i n g a and P r o t o p a p a d a k i s 
(1983) . Even if investors do not require compensa t ion 
for bearing risk (that is, if they are risk neutral), the real 
interest rate will not be equal to the nominal rate less the 

rate of expec ted inflat ion when inf lat ion is s tochast ic . 
The basic point of the example below is to show that the 
expected inflation rate is not equal to the reciprocal of 
the expected change in the purchasing power of money 
and that the gap between these quantities widens as un-
certainty increases. 
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The inflation rate measures the change in the nominal 
(dollar) value of a given basket of goods and services. 
The related concept of change in purchasing power as-
sesses the change in the real value (in terms of the basket 
of goods and services) that a f ixed nominal value will 
buy, that is, the number of units of the basket. Symboli-
cally, for current price level pQ (measured by an index) 
and future price level p, E(p/p0) represents one plus the 
expected inflation rate, and Eipjp) denotes one plus the 
expec t ed c h a n g e in p u r c h a s i n g p o w e r . A l t h o u g h the 
Fisher relation is typically stated using expected infla-
tion, purchasing power is more closely connected to the 
pricing of nominal assets.1 

Suppose the initial price level p{) equals 1 and the fu-
ture price level p takes values 1.05 with probability .5 or 
1.15 with probabili ty .5. (That is, fu ture inflation rates 
are 5 percent or 15 percent. This will be called the low 
inflation uncertainty case.) The (mathematically) expect-
ed price level is 

E(p) = (.5 • 1.05) + ( . 5 - 1.15) = 1.10, 

and the expected inflation rate is [E(p)/p0 - 1J) • 100 = 
10%. On the other hand, calculating the expected change 
in purchasing power entails taking the expected value of 
the reciprocals of the fu ture price levels: 

E{Mp) = .5(1/1.05) + .5(1/1.15) = .91097, 

which is not the same as \JE(p) = .90909. In other words, 
money's purchasing power is expected to drop by \E(\/p) -
1] • 100 = - 8 . 9 % (after rounding) as compared with the case of 
constant 10 percent inflation in which the loss is - 9 .1 percent. 
The Jensen's inequality term is therefore approximately 

E(l/p) - [1 /E(p)] = .001882 or .19%. 

In this example , an uncertain inflation rate slightly re-
duces the loss of expected purchasing power of money. 

Now suppose the price level becomes more variable. 
The future price may go to 1.2 with probability .5 or stay 
unchanged at 1 with probability .5. (That is, future infla-
tion is now 0 percent or 20 percent.) Repeating the earlier 
calculation, the expected inflation rate is still 10 percent, 
leaving 1 /E(p) unchanged. However , 

E(l/p) = .5(1/1.2) + (.5 • 1) = .91666, o r - 8 . 3 % , 

T h e Jensen ' s inequality e f fec t is shown in Chart A, 
which graphs the reciprocal of the price level against the 
price level itself. The low inflation uncertainty case, de-
noted by E, has an expected change in purchasing power 
represented by the midpoint of the chord within the hyper-
bola of the reciprocal price level. This point lies above 
1 /E(p) on the graph. The high inflation uncertainty case, 
denoted by / / , has a chord that lies above the previous one 
and thus it has a higher midpoint, representing a greater 
increase in purchasing power. Note that the expected in-
flation rate of 10 percent is the same in both cases. 

The economic intuition behind this example is that a 
more variable inflation rate results in an increase in the 
expected purchasing power of money , making nominal 
b o n d s re la t ive ly m o r e a t t r ac t ive . O the r t h i n g s b e i n g 
equal, greater variability of inflation drives nominal bond 
prices up and their interest rates down relative to the real 
interest rate. Conceptually, the adjustment occurs so that 
in equilibrium investors are indifferent concerning hold-
ing nominal or real bonds. 

Chart A 
The Effect of Inflation Uncertainty on the 

Purchasing Power of Money 

Future Price Level 

Note: The convexity of the graph of 1/P is greatly exaggerated 
for clarity. The vertical axis shows \E (1/P) - 1] X 100. 

making 

E(\/p) - \ l/E(p)] = .007575, or .76%. 

Thus, a more variable or uncertain inflation rate increas-
es the expected purchasing power of money , E(pjp). 

Note 

1. Fama (1975,1976) formulates the Fisher relation in terms 
of purchasing power, not expected inflation. See also 
Benninga and Protopapadakis (1983) and Shome, Smith, 
and Pinkerton (1988). 
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To estimate the behavior of expected inflation, Pen-
nacchi relied on the National Bureau of Economic-
Research (NBER) and the American Statistical Asso-
ciation (ASA) surveys of inflation predications by pro-
fessional forecasters. Michael P. Keane and David E. 
Runkle (1990) found that these forecasts are unbiased 
and rational, consistent with the rational expectations 
assumptions underlying Pennacchi's model. 

Pennacchi is not testing any particular theory about 
why a mutual dependence might exist between expect-
ed inflation and the real rate of interest. His purpose is 
to estimate econometrically the correlation between the 
real interest rate and expected inflation and how both 
variables react when one or the other is "shocked" 
away from its equilibrium level. The structure imposed 
on estimation by a term structure model enables him 
to make detailed predictions of the mutual dynamics 
of these two variables. 

From 1968 to 1988, the "instantaneous" correlation 
between the innovation (unpredicted component) of 
expected inflation and that of the real interest rate was 
a statistically significant - .376. Consistent with Mish-
kin's results using regression-based methods for the 
shorter-maturity yield curve, Pennacchi found that the 
real interest rate is much more volatile than the expected 
rate of inflation. Unlike Mishkin, Pennacchi has mod-
eled real and nominal risk premia and thus separately 
identifies movements in the real interest rate, rather 
than movements in a composite of real interest rate 
and risk premia. The model also reveals that the real 
rate of interest is much slower to return to its equilibri-
um level than expected inflation is to return to its cor-
responding equilibrium rate. 

Sun (1992) achieves modeling objectives similar to 
Pennacchi's in statistically characterizing the dynam-
ics of the real interest rate and expected inflation. Sun 
extends the celebrated Cox-lngersoll-Ross (CIR) term 
structure model (see Cox, Ingersoll, and Ross 1985b 
and Abken 1990) to allow for money nonneutrality. 
One important feature of the CIR model is that the 
volatility of nominal and real interest rate processes is 
proportional to the level of the shortest-term interest 
rate. This characteristic accords with empirical evi-
dence in a number of studies (see K.C. Chan and oth-
ers 1992). That is, nominal and real interest rates tend 
to be more volatile when rates are high than when 
rates are low. Pennacchi's model assumes that nomi-
nal and real rates have constant volatility, an assump-
tion that potentially biases his estimates because his 
model may be misspecified. (Of course, the CIR mod-
el may also misspecify the volatility.) Sun posits a 
process generating expected inflation, but he does not 

rely on survey data to estimate the parameters of that 
process. Instead, he uses data on the Consumer Price 
Index and statistically models the joint conditional dis-
tribution of his (unobservable) state variables and the 
rate of inflation. The prices of two Treasury bills of 
different maturity serve to substitute (instrument) for 
the unobservable variables. The bond prices are com-
plicated nonlinear functions of the state variables and 
price index; this is the point at which the CIR model, 
modified for money nonneutrality, comes into play. 

Like Pennacchi, Sun rejects the hypothesis of mon-
ey neutrality. The correlation coefficient between the 
unobservable state variable summarizing uncertainty 
in the real economy and the inflation rate is signifi-
cantly positive (not zero). Sun does not estimate a cor-
relation between real interest rates and expected in-
flation, but the implication of his result is the same, 
namely, that the strict Fisher relation does not hold and 
expected real rates are not independent of expected in-
flation. He estimates a positive nominal risk premium, 
which means that the nominal interest rate is greater 
than the real rate plus expected inflation. Furthermore, 
because of the CIR specification, the magnitude of the 
risk premium varies over time in proportion to the lev-
el of the state variable, whereas Pennacchi's risk pre-
mia are constant over time. Nevertheless, both models 
produce qualitatively similar graphs of the real interest 
rate and expected inflation. 

The work of Pennacchi and Sun reveals that real 
short-term interest rates undergo significant variation. 
The real interest rate was more volatile than expected 
inflation during the 1970s and 1980s.14 These find-
ings help to clarify Mishkin's regression results, which 
indicate that at the short end of the yield curve varia-
tions in nominal yields reflect (and forecast) changes 
in the slope of the real term structure, not changes in 
expected inflation. Regression-based methods alone 
cannot sort out the factors moving the real term struc-
ture. 

inflation and the Longer-Maturity 
Term Structure 

Mishkin (1990b) extended his investigation of the 
term structure to maturities of longer than one year. 
He reestimated his inflation-change regressions for 
zero-coupon bonds, derived f rom actually traded 
coupon-bearing bonds. These bonds were constructed 
with maturities of one, two, three, four, and five years; 
all yield spreads were formed relative to the one-year 

24 Econom ic Review May/June 1993 
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis

May 1993



bond. The corresponding changes in the CPI were 
similarly computed. 

Mishkin generally found that the estimated pmn are 
greater than unity, sometimes near 2.0, and are all sta-
tistically significant. As noted earlier in the discussion 
of shorter-maturity term structure, the slope coefficient 
from the inflation-change regression depends on the 
correlation between the expected change in the infla-
tion rate and the spread in the real interest rate as well 
as on the relative volatility of the expected change in 
the inflation rate and the real interest rate spread. Dur-
ing his 1953-87 sample period, the correlation ranged 
from - .7 to -.95, depending on the underlying discount-
bond maturity. According to Mishkin's interpretation, 
this correlation, combined with high volatility of ex-
pected inflation, pushes the slope coefficient toward 
values near 2, particularly in regressions using longer-
term discount bonds. 

The regression /?2's (the ratio of explained to total 
variation in the change in inflation) was 20 percent at 
the two-year maturity (m = 2) and more than 40 per-
cent for four- and five-year maturities. These results 
compare with R2,s for the shorter-maturity inflation 
change regressions of less than 10 percent and with 
those of less than 5 percent for maturities less than 
nine months . Thus , longer-matur i ty interest rate 
spreads have statistically significant power to forecast 
changes in future inflation. 

Charts 5-8 illustrate Mishkin's results for the longer-
maturity term structure by means of scatter plots using 
quarterly sampled monthly observat ions on yield 
changes and inflation changes for the 1964-91 sample 
period. These are parallel to Charts 2-4, although all 
changes are now expressed in terms of the one-year 
bond yield and one-year rate of inflation. The values of 
(m, n), in years, are (2,1), (3, 1), (4,1), (5, 1) for Charts 5-8, 
respectively. As before, squares represent pre-October 
1979 observations, and diamonds stand for post-October 
1979 observations. The scatter plots show a distinct ten-
dency for points to cluster in the northeast and south-
west quadrants, which indicates spread predictions of 
subsequent inflation in the right direction. 

Fama (1990) also studied one- to five-year maturity 
discount bonds constructed from coupon bonds, and his 
work is very similar to Mishkin's (1990b) in methodol-
ogy and results. Fama focused on the forecast power of 
the spread between five- and one-year discount bond 
yields because other intermediate spreads are almost 
perfectly correlated with this spread. The spread serves 
as a single explanatory variable in several related re-
gressions. One equation is an inflation-change regres-
sion identical to Mishkin's. Fama also regresses the ex 

post change in the real interest rate, defined as the 
change in the one-year (spot) rate minus the change in 
the CPI, over fixed periods from one to five years long. 
A third equation regresses the change in the one-year 
rate on the spread. As Fama shows, by definition the ex 
post change in the real rate plus the change in inflation 
equals the change in the spot rate. Thus, the regression 
coefficients—that is, constant term and slope—in the 
estimated real rate and inflation equations sum across 
regressions to their estimated values in the spot rate 
equation. (Mishkin makes the same point in his re-
search.) Finally, Fama also regressed the term premi-
um, measured by the ex post holding period return on 
discount bonds of two to five years in maturity minus 
the one-year rate, on the spread. In assessing the re-
gression results, Fama observed that "the yield spread 
is the jack-of-all-trades. It responds to information 
about term premiums and future spot rates, inflation 
rates, and real returns" (73). He emphasizes that varia-
tion in expected term premiums, which appear to be 
correlated with the business cycle, obscure the fore-
casts of the yield spread for the other variables. The re-
gression evidence indicates that this variation grows 
stronger as maturity lengthens. 

A consequence of the spread's containing informa-
tion about a number of variables is that it forecasts 
each imperfectly if the variables are not themselves 
perfectly correlated with one another. Particularly for 
one-year bonds, the spread predicts changes in the real 
rate that are of opposite sign and almost equal magni-
tude to changes in expected inflation. Again for the 
one-year bond, the R2 is 23 percent for the inflation 
equation but only about half that amount for the real 
interest rate equation. As the horizon lengthens to a 
maximum of five years, the spread continues to have 
significant forecast power for inflation but virtually 
none for the real rate. Another way to view Fama's re-
gression results is to examine the spot rate equation. 
The offsetting coefficients for the inflation and real 
rate equations necessarily imply that the spread has no 
value in predicting changes in the spot rate. Only at 
longer horizons does the spread have utility in fore-
casting the change in the spot rate, precisely because 
changes in that rate are predominantly determined by 
changes in expected inflation. 

A recent study, by Werner F.M. De Bondt and Mary 
M. Bange (1992), has challenged the view that inflation 
forecast errors are rational in the sense that Mishkin 
and Fama assume. As discussed above, Mishkin's and 
Fama's interpretation of the slope coefficient in the 
inflation-change regressions hinges on inflation fore-
cast errors not exhibiting systematic errors. There is no 
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Chart 5 
One-Year Inflation Change versus Two-Year-One-Year Yield Spread, 

Treasury Bonds 
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Chart 6 
Two-Year Inflation Change versus Three-Year-One-Year Yield Spread, 
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Chart 7 
Three-Year Inflation Change versus Four-Year-One-Year Yield Spread, 

Treasury Bonds 
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Chart 8 
Four-Year Inflation Change versus Five-Year-One-Year Yield Spread, 
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way to know whether systematic inflation forecast errors 
influence the regression results without additional in-
formation on expectcd inflation. (Fama and Mishkin 
simply assume that the forecast errors arc unsystemat-
ic.) De Bondt and Bange try to address this issue directly 
by using survey information on inflation expectations.15 

De Bondt and Bange use the Livingston forecasts of 
the CPI, which are given semiannually by a large group 
of economists. The mean forecast at each survey date is 
taken as the market expectation. They conclude from 
their tests of these forecasts that "expectations are in-
sufficiently adaptive: if the economists paid more atten-
tion to recent inflation, and interpreted the prevailing 
rate as less of a surprise, they would not make the same 
error repeatedly" (485). Contrary to the rational expec-
tations assumption, the survey forecast errors are sys-
tematically biased. 

Using another set of regression tests, De Bondt and 
Bange determine that the inflation forecasts implicit in 
interest rates are also biased, essentially in the same 
way Fisher had noticed more than sixty years ago: 
nominal interest rates rise too slowly as inflation rates 
accelerate and decline too sluggishly as inflation rates 
abate. The Livingston survey data and nominal interest 
rate spreads predicting inflation over the same horizon 
were found to be highly con-elated, implying that the 
two are biased in the same way. 

De Bondt and Bange's strongest results concern 
the ability of past inflation forecast errors to predict 
ex post term premia. These term premia were com-
puted as the excess returns on discount bonds with 
maturities of one, two, three, four, five, and ten years 
over the six-month Treasury bill return. If investors 
are risk averse, term premia—consisting of nominal 
and real risk premia as well as Jensen's inequality 
components—should be predictable by variables that 
measure risk and volatility. However, as De Bondt 
and Bange point out, no researchers have convincing-
ly identified ex ante observable economic variables 
that predict variations in term premia. The only pre-
dictor has been interest rate spreads (as in Fama 
1990). Dc Bondt and Bange found that past survey in-
flation forecast errors (known at the current date) pre-
dict ex post term premia (computed for holding periods 
starting at the current date). Overpredictions of infla-
tion arc correlated with higher ex post term premia 
and underpredictions with lower ex post term premia. 
This finding runs counter to efficient markets theory 
because past inflation forecast errors are not plausibly 
regarded as measures of risk. Such easily obtained in-
formation as past inflation forecast errors should have 
no value in predicting future interest rates in an effi-

cient, "rational" market. De Bondt and Bange con-
clude that "the inertia in expectations may be rational 
if we consider the costs and benefits of more accurate 
forecasts and/or possible regime changes [for example, 
changes in Federal Reserve operating procedures] 
(with the implication that rational expectations resem-
ble adaptive expectations)" (495). Their research casts 
doubt on Mishkin 's analysis and interpretation of 
yield spread forecasts of changes in inflation and real 
interest rates. Nevertheless, they agree with Mishkin 
and Fama that, over longer horizons, interest rate 
spreads are reliable, though biased, predictors of fu-
ture inflation. 

One line of criticism of De Bondt and Bange's work 
is that all of their results derive from the Livingston 
survey data, the quality of which is very much open to 
question. Mishkin (1981a, 1981b) was an early critic 
of the biases in the Livingston data that were then im-
puted to market expectations generally. More recently, 
Keane and Runkle (1990) argued that not all econo-
mists polled in compiling the Livingston forecasts are 
professional forecasters and therefore some do not 
have an economic incentive to be informed and accurate 
in their projections. Keane and Runkle also stressed 
that averaging across forecasts to get a "consensus" 
forecast when individual respondents have different 
private information can lead to severe biases detected in 
rationality tests. In light of Keane and Runkle's study, 
Pennacchi (1991) relied on the NBER-ASA forecasts, 
which represent profess ional forecas ters ' predic-
tions.16 One should be concerned that on the one hand 
Keane and Runkle determined that the quarterly 
NBER-ASA forecasts of the Gross National Product 
deflator pass properly constructed rationality tests, yet 
on the other the monthly Livingston CPI survey fore-
casts appear to be so biased in De Bondt and Bange's 
tests. Further investigation of this issue is needed. 

Conclusion 

Nominal interest rates are determined by a variety of 
factors that limit their accuracy in predicting the future 
course of any single factor. The expected rate of infla-
tion has long been considered an important influence 
on interest rates. However, other factors that obscure 
the information in the yield curve about future infla-
tion may vary substantially over time. Fluctuations in 
real interest rates, real and nominal risk premia, and 
inflation uncertainty components potentially cloud the 
term structure's information on inflation. 
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Despile the complexity of interest rates, most people 
who want to gauge inflation expectations turn to the 
yield curve. There are clearly many unresolved issues 
concerning the behavior and dynamics of nominal in-
terest rates and their relation to expected inflation. 
Nevertheless, recent empirical research demonstrates 

that the yield curve does give a relatively reliable fore-
cast of inflation, particularly at longer horizons. A fruit-
ful area for future research is assessing the comparative 
value of implicit yield-curve forecasts versus alterna-
tive methods for making longer-term inflation fore-
casts. 

N o t e s 

1. All discussion is in terms of the Treasury yield curve be-
cause firm- or agency-specific credit risk complicates the 
analysis for non-Treasury bonds. 

2. See Humphrey (1983, 7) for the arbitrage argument Fisher 
used in deriving this formula. 

3. Sargent tests for mutual feedback statistically and argues that 
the apparent mutual dependence works indirectly through 
other omitted variables that influence inflation and interest 
rates. He developed a simple macroeconomic model that 
gives rise to the Gibson paradox in artificial data simulated 
by the model. Unlike Fisher 's explanation, long lags in 
forming expectations of inflation play no role in Sargent's 
model. He concludes that simple regressions of interest 
rates on current and lagged inflation rates do not necessarily 
provide any information on the process of expectations for-
mation. 

4. Because Fama computed Treasury bill returns assuming 
that bills were held to maturity, the return is the same as the 
yield—that is, a bill matures with fixed face value, which 
means that its rate of return is known at the time of pur-
chase. The future return would be uncertain if the bill were 
sold before maturity. 

5. See Mishkin (1981b. 164) for references as well as Fama's 
critics cited above. 

6. The inflation rate is computed as the annualized difference 
in logarithms of the seasonally unadjusted Consumer Price 
Index. The inflation change is then the difference in infla-
tion rates over an /?7-month horizon versus an //-month hori-
zon, where m > //. The interest rate data are from the Center 
for Research in Securities Prices (CRSP) and are end-of-
month annualized, continuously compounded yields. End-
of-month yields are aligned with the following month's CPI 
in estimating the regressions. The first month 's observa-
tions each quarter were included in the scatter plots, and the 
regressions were run on these sampled data points. 

7. Cox, Ingersoll, and Ross (1985a, 372) make the point that 
the real interest rate can be different from the expected rate 
of return of direct investments in physical capital (or equi-
ties) because of the differences in the hedging characteris-
tics of investment in real bonds or physical capital. The real 
rate of interest can in principle be greater than the rate of re-
turn on physical capital if equities hedge against future 
shocks to consumption. In effect, investments in real or pur-
chasing power bonds in this ease would require a risk pre-
mium—extra compensat ion—to induce investors to buy 

these bonds. Further discussion of the real risk premium is 
given later in this section. 

8. This discussion of real (inflation-indexed) bonds should be 
viewed as a thought experiment because real bonds do not 
trade in the United States. 

9. Consider the following two-period (three-date) example us-
ing discount bond prices. The forward price of a real bond 
to be issued one period from now and maturing one period 
later is by definition equal to the two-period bond price di-
vided by the one-period bond price. In a risk-neutral world, 
this forward price is the expected price of the one-period 
bond to be issued one period from now. In a world with 
risk-averse investors, however, the forward price equals the 
expected one-period price plus a risk premium. Technical-
ly, this risk premium is proportional to the covariance of the 
investors' discounted marginal rate of substitution (ratio of 
future to current marginal utilities of consumption) with 
next per iod 's one-period bond price. In plain English, a 
two-period bond will include a positive risk premium if the 
sale of that bond after the first period generates a capital 
loss at the same time that consumption is low (and con-
versely capital gains when consumption is high). On the 
other hand, the maturing one-period bond pays off its lace 
amount of the commodity-services basket (see Box 2). In 
other words, the covariance of return with consumption for 
the longer-term bond makes it a poorer consumption hedge 
than the shorter-term bond. 

10. This inflation-hedge component would be present even if 
investors were risk neutral. Technically, the nominal risk 
premium is proportional to the covariance of the product of 
the marginal rate of substitution and change in purchasing 
power with the price of the future one-period nominal bond 
(in the context of the two-period example in note 9). Risk 
neutrality implies a constant MRS, making the covariance 
simply between purchasing power and the nominal bond 
price, which is not a risk premium per se. 

11. Empirical researchers often lump any variation in nominal 
rates arising from nominal and real risk premia (and uncer-
tainty components) into their measure of the real interest 
rate, as is the case in Mishkin's application of the Fisher re-
lation in Box 1. See also Mishkin (1981b, 167) and De 
Bondt and Bange (1992, 490). 

12. See especially Benninga and Protopapadakis (1983, 859) 
for a derivation of Fisher's theorem under conditions of un-
certainty. 

Federal Reserve Bank of Atlanta Econo in ic Revieu' 29 Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis

May 1993



13. In particular, their test of the Fisher relation could not dis-
criminate between measures of expected price change in 
terms of inflation or changes in purchasing power. Both 
were estimated with coefficients insignificantly different 
from one, the theoretical value as implied by the Fisher re-
lation. 

In a slightly different context, Campbell (1986) found 
that a Jensen inequality effect that distinguishes several ver-
sions of the expectations hypothesis of the term structure is 
of second-order importance and can be ignored in empirical 
work. 

14. Sun does not discuss the derived time series for expected 
inflation and real interest rate in any detail, except to note 
that expected inflation is much "smoother" than actual in-
flation. Both series are plotted in his Figure 1. Pennacchi's 

are shown in his Figure 7. Sun observes that the nominal 
risk premium is positive but does not analyze any other 
characteristics of the derived premium, which would have 
been an interesting exercise. 

15. Pennacchi also used survey information, although his pur-
pose was different from Dc Bondt and Bange's. Based on 
the work of Keane and Runkle that showed how the quar-
terly NBER-ASA survey data satisfy the rational expecta-
tions assumptions, he used the survey data as an input in 
estimating a nominal term structure model. 

16. Pennacchi addressed the aggregation bias issue identified 
by Keane and Runkle by using the median instead of the 
mean forecast error, a choice that puts less weight on ex-
treme individual forecasts. 
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