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Can the Term Spread Predict Output Growth
and Recessions? A Survey of the Literature

David C. Wheelock and Mark E. Wohar

This article surveys recent research on the usefulness of the term spread (i.e., the difference
between the yields on long-term and short-term Treasury securities) for predicting changes in
economic activity. Most studies use linear regression techniques to forecast changes in output
or dichotomous choice models to forecast recessions. Others use time-varying parameter models,
such as Markov-switching models and smooth transition models, to account for structural changes
or other nonlinearities. Many studies find that the term spread predicts output growth and reces-

sions up to one year in advance, but several also find its usefulness varies across countries and
over time. In particular, many studies find that the ability of the term spread to forecast output
growth has diminished in recent years, although it remains a reliable predictor of recessions.
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nformation about a country’s future eco-

nomic activity is important to consumers,

investors, and policymakers. Since Kessel

(1965) first discussed how the term struc-
ture of interest rates varies with the business
cycle, many studies have examined whether the
term structure is useful for predicting various
measures of economic activity. The term spread
(the difference between the yields on long-term
and short-term Treasury securities) has been
found useful for forecasting such variables as
output growth, inflation, industrial production,
consumption, and recessions, and the ability
of the spread to predict economic activity has
become something of a “stylized fact” among
macroeconomists.

This article surveys recent research investi-
gating the ability of the term spread to forecast
output growth and recessions.! The article briefly
discusses theoretical explanations for why the

spread might predict future economic activity and
then surveys empirical studies that investigate
how well the spread predicts output growth and
recessions. The survey describes the data and
methods used in various studies to investigate
the predictive power of the term spread, as well
as key findings. In general, the literature has not
reached a consensus about how well the term
spread predicts output growth. Although many
studies do find that the spread predicts output
growth at one-year horizons, studies also find
considerable variation across countries and over
time. In particular, many studies find that the abil-
ity of the spread to forecast output growth has
declined since the mid-1980s. The empirical lit-
erature provides more consistent evidence that

1 Surveys of the older literature include Berk (1998), Dotsey (1998),
Estrella and Hardouvelis (1991), Plosser and Rouwenhorst (1994),
and Stock and Watson (2003). Stock and Watson (2003) also survey
research on the usefulness of asset prices for forecasting inflation.
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Figure 1
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NOTE: The term spread is calculated as the difference between the yields on 10-year and 3-month Treasury securities. The shaded
areas denote recessions as determined by the National Bureau of Economic Research.

the term spread is useful for predicting recessions.
Furthermore, the relationship appears robust to
the inclusion of other variables and nonlinearities
in the forecasting model.

A LOOK AT THE DATA

Yields on long-term securities typically exceed
those on otherwise comparable short-term secu-
rities, reflecting the preference of most investors
to hold instruments with shorter maturities.
Hence, the yield curve, which is a plot of the
yields on otherwise comparable securities of dif-
ferent maturities, is typically upward sloping.
Analysts have long noted, however, that most
recessions are preceded by a sharp decline in the
slope of the yield curve and frequently by an inver-
sion of the yield curve (i.e., by short-term yields
rising above those on long-term securities).
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Figure 1 shows the difference between the
yields on 10-year and 3-month U.S. Treasury secu-
rities for 1953-2008. The shaded regions indicate
recession periods as defined by the National
Bureau of Economic Research.? As Figure 1 shows,
every U.S. recession since 1953 was preceded by
a large decline in the yield on 10-year Treasury
securities relative to the yield on 3-month Treasury
securities, and several recessions were preceded
by an inversion of the yield curve. Moreover, the
only occasion when the 3-month Treasury security
yield exceeded the (constant-maturity) 10-year
Treasury yield without a subsequent recession
was in December 1966.

Similar data for Germany and the United
Kingdom are shown in Figures 2 and 3, respec-

2 National Bureau of Economic Research, “Information on
Recessions and Recoveries, the NBER Business Cycle Dating
Committee, and Related Topics”; www.nber.org/cycles/main.html.
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Figure 2

German Term Spread and Recessions
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NOTE: The term spread is calculated as the difference between the yields on 10-year and 3-month Treasury securities. The shaded
areas denote recessions as determined by the Economic Cycle Research Institute.

tively. Germany experienced recessions beginning
in 1966, 1974, 1980, 1991, 2000, and 2008. All
but the 1966 recession were preceded by a sharp
decline in long-term Treasury security yields rela-
tive to short-term yields that resulted in a flat or
inverted yield curve. The only inversion that was
not followed by a recession occurred in 1970.
The United Kingdom experienced recessions
beginning in 1974, 1979, 1990, and 2008. All were
preceded by or coincided with a yield curve
inversion. However, large inversions in 1985
and 1997-98 were not followed by recessions.?
Table 1 summarizes additional information
about the association between the term spread
and economic activity. The table presents corre-
lations between the term spread (measured as a

Recession dates for Germany and the United Kingdom are from
the Economic Cycle Research Institute, as reported by Haver
Analytics. Interest rate data for Germany and the United Kingdom
are from Global Insight.

FEDERAL RESERVE BANK OF ST. LOUIS REVIEW

quarterly average of monthly observations) and
the year-over-year percentage change in real gross
domestic product (GDP) for the United States,
Germany, and the United Kingdom. The table
presents the contemporaneous correlation between
the two variables, as well as correlations at vari-
ous leads and lags of the term spread relative to
GDP growth. The top panel of the table reports
correlations between GDP growth in one quarter
and the term spread in the same quarter (¢) and
in six preceding quarters (¢ —1 and so on). The
bottom panel reports the correlations between
GDP growth in one quarter and the term spread
in the same quarter and in the six subsequent
quarters (f +1 and so on).

The contemporaneous correlation between
GDP growth and the term spread is not statistically
different from zero for any of the three countries
(column 1 in Table 1). By contrast, the correlations
between GDP growth and the term spread lagged
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Figure 3

U.K. Term Spread and Recessions
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NOTE: The term spread is calculated as the difference between the yields on 10-year and 3-month Treasury securities. The shaded
areas denote recessions as determined by the Economic Cycle Research Institute.

from one to six quarters are uniformly positive
and statistically significant (indicated by p-values
of 0.10 or less) for all three countries, except for
the correlation between U.S. GDP growth and
the term spread lagged by one quarter. Thus, the
correlations indicate that, in general, the higher
the yield on 10-year Treasury securities relative to
the yield on 3-month Treasury securities—that is,
the more steeply sloped the yield curve—the
higher the rate of future GDP growth. Similarly,
the less steeply sloped the yield curve, the lower
the subsequent rate of GDP growth.

The correlations between current GDP growth
and future term spreads shown in the lower panel
are negative and for the most part statistically sig-
nificant for all three countries. Thus, a higher GDP
growth rate in one quarter is associated with a less
steeply sloped yield curve in subsequent quarters.

As discussed in more detail in the following
section, the pattern of positive correlation between
current GDP growth and lagged term spreads and
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negative correlation between current GDP growth
and future term spreads is consistent with more
than one explanation of the relationship between
the yield curve and output growth. Further,
although the unconditional correlation between
output growth and the term spread is high, the
correlation might reflect the influence of some
other variable, in which case the term spread
would not forecast output growth if that other
influence is included in the forecasting model.
After discussing why the term spread might fore-
cast economic activity in the next section, we
review empirical research on the usefulness of
the term spread for forecasting output growth
and recessions in subsequent sections.

WHY MIGHT THE TERM SPREAD
FORECAST ECONOMIC ACTIVITY?

Although many empirical studies find that
the term spread predicts future economic activity,

FEDERAL RESERVE BANK OF ST. LOUIS REVIEW
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Table 1

Correlation of GDP Growth and Lagged and Future Term Spreads by Country

Lagged term spread

Term
t (t-1) (t-2) (t-3) (t-4) (t-5) (t-6)
United States —0.0449 0.0999 0.2557 0.3605 0.4141 0.3957 0.3196
(0.5047) (0.1379) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
Germany —0.0003 0.1641 0.2991 0.3689 0.3845 0.3649 0.3421
(0.9970) (0.0455) (0.0002) (0.0001) (0.0001) (0.0001) (0.0001)
United Kingdom 0.0723 0.1816 0.2486 0.3025 0.3379 0.3166 0.2607
(0.3319) (0.0144) (0.0008) (0.0001) (0.0001) (0.0001) (0.0005)
Future term spread
Term
t t+1 (t+2) (t+3) (t+4) (t + 5) (t+ 6)
United States -0.0449 -0.1428 -0.2374 -0.2994 -0.3372 —0.3538 -0.3421
(0.5047) (0.0335) (0.0004) (0.0001) (0.0001) (0.0001) (0.0001)
Germany —0.0003 -0.1722 -0.3414 —0.4424 —0.4548 —0.4545 -0.4110
(0.9970) (0.0357) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
United Kingdom 0.0723 —0.0364 -0.1366 -0.2116 -0.2306 -0.2204 -0.2261
(0.3319) (0.6244) (0.0652) (0.0040) (0.0017) (0.0001) (0.0021)

NOTE: U.S. data are for 1953:Q1-2008:Q4; German data are for 1973:Q1-2008:Q2 (West Germany, 1973-1991); U.K. data are for

1958:Q1-2008:Q2. Numbers in parentheses represent p-values.

there is no universally agreed-upon theory as to
why a relationship between the term spread and
economic activity should exist. To a large extent,
the usefulness of the spread for forecasting eco-
nomic activity remains a “stylized fact in search
of a theory” (Benati and Goodhart, 2008, p. 1237).
The expectations hypothesis of the term struc-
ture is the foundation of many explanations of
the term spread’s usefulness in forecasting output
growth and recessions. The expectations hypothe-
sis holds that long-term interest rates equal the
sum of current and expected future short-term
interest rates plus a term premium. The term
premium explains why the yield curve usually
slopes upward—that is, why the yields on long-
term securities usually exceed those on short-term
securities. However, the yield curve flattens or
inverts—slopes downward—if the public expects
short-term interest rates to fall. In that case,
investors bid up the prices of longer-term securi-

FEDERAL RESERVE BANK OF ST. LOUIS REVIEW

ties, which causes their yields to fall relative to
current yields on short-term securities.

Many studies attribute the apparent ability
of the term spread to forecast economic activity
to actions by monetary authorities to stabilize
output growth. For example, monetary policy
tightening causes both short- and long-term inter-
est rates to rise. Short-term rates are likely to rise
more than long-term rates, however, if policy is
expected to ease once economic activity slows or
inflation declines. Hence, a policy tightening is
likely to cause the yield curve to flatten or possi-
bly invert. Monetary policy explanations usually
have been stated with little underlying theory.
However, as noted by Feroli (2004), Estrella (2005),
and Estrella and Trubin (2006), the extent to which

4 For example, Estrella and Hardouvelis (1991) and Berk (1998)
refer to simple dynamic IS-LM models but do not explicitly derive
testable hypotheses from those models (see also Bernanke and
Blinder, 1992; Dueker, 1997; and Dotsey, 1998).
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the term spread is a good predictor of output
growth depends on the monetary authority’s policy
objectives and reaction function. For example, the
term spread forecasts output growth better the
more responsive the monetary authority is to
deviations of output growth from potential. The
spread forecasts less accurately if monetary
authorities concentrate exclusively on controlling
inflation. Further, changes in the relative respon-
siveness of the monetary authority to either output
growth or inflation could cause changes in the
ability of the term spread to forecast output growth.
In contrast to explanations that focus on mone-
tary policy, theories of intertemporal consumption
derive a relationship between the slope of the yield
curve and future economic activity explicitly
from the structure of the economy (e.g., Harvey,
1988; Hu, 1993). The central assumption of
Harvey (1988), for example, is that individuals
prefer stable consumption rather than high con-
sumption during periods of rising income and
low consumption when income is falling. Thus,
when consumers expect a recession one year in
the future, they will sell short-term financial
instruments and purchase one-year discount
bonds to obtain income during the recession year.
As a result the term structure flattens or inverts.>
The theoretical implications of consumption-
smoothing models apply to the real term structure,
that is, the term structure adjusted for expected
inflation. However, much of the empirical evi-
dence on the information content of the term
structure pertains to the nominal term structure.
The consistency of the empirical evidence link-
ing the nominal yield curve to changes in output
with the theoretical relationship depends on the
persistence of inflation. If inflation were a random
walk, implying that shocks to inflation are per-
manent, then inflation shocks would have no
impact on the slope of the nominal yield curve
because expected inflation would change by an
identical amount at all horizons. However, if infla-

Rendu de Lint and Stolin (2003) study the relationship between
the term structure and output growth in a dynamic equilibrium
asset pricing model. They find that the term spread predicts
future consumption and output growth at long horizons in a sto-
chastic endowment economy model augmented with endogenous
production.

424 SEPTEMBER/OCTOBER, PART 1 2009

tion has little persistence, an inflation shock will
affect near-term expected inflation more than long-
term expected inflation, causing the slope of the
nominal yield curve to change. Hence, the extent
to which changes in the slope of the nominal
yield curve reflect changes in the real yield curve
depends on the persistence of inflation which,
in turn, reflects the underlying monetary regime.5

Much of the empirical literature has focused
on estimating the precision with which the term
spread forecasts economic activity, rather than on
attempting to discriminate between the monetary
policy and consumption-smoothing explanations.
Laurent (1988, 1989) argues that the yield curve
reflects the stance of monetary policy and finds
that the term spread predicts changes in the
growth rate of real GDP. On the other hand, several
studies find that the term spread has significant
predictive power for economic growth indepen-
dent of the information contained in measures of
current and future monetary policy, suggesting
that monetary policy alone cannot explain all of
the observed relationship (see, e.g., Estrella and
Hardouvelis, 1991; Plosser and Rouwenhorst,
1994; Estrella and Mishkin, 1997; Benati and
Goodhart, 2008).

Harvey (1988) and Rendu de Lint and Stolin
(2003) offer support for the consumption-
smoothing explanation by showing that the slope
of the yield curve is useful for forecasting both
consumption and output growth. Benati and
Goodhart (2008), however, find that changes over
time in the marginal predictive content of the
nominal term spread for output growth do not
match changes in inflation persistence, which
they argue is evidence against the consumption-
smoothing explanation.

Several studies find that the spread has fore-
cast output growth less accurately since the mid-
1980s, which some attribute to greater stability
of output growth and other key macroeconomic
data (e.g., D’Agostino, Giannone, and Surico, 2006).
It remains to be seen how incorporating data for

® Under fiat monetary regimes, inflation has tended to be highly
persistent. However, inflation tends to exhibit little persistence
under metallic and inflation-targeting regimes (see, e.g., Shiller
and Siegel, 1977; Barsky, 1987; Bordo and Schwartz, 1999; and
Benati, 2006, 2008).
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the recession that began in 2007 affects the per-

formance of forecasting models that use the term
spread to predict economic activity and whether
the additional information sheds light on alterna-
tive explanations for the forecasting relationship.

DOES THE TERM SPREAD
FORECAST OUTPUT GROWTH?

Numerous studies using a wide variety of
data and methods investigate how well the term
spread forecasts output growth. Although many
studies use post-World War II U.S. data, several
recent studies investigate how well the term
spread predicts future economic activity using
data from other countries or time periods. Such
efforts can indicate whether the association
between the term spread and output growth is an
artifact of the postwar U.S. experience and shed
light on the validity of alternative explanations for
why the spread might forecast economic activity.
Our survey focuses primarily on the literature pub-
lished or written since the mid-1990s. However,
we briefly discuss some earlier studies to set the
stage for a more detailed discussion of recent work.

Much of the evidence on the accuracy of the
term spread in forecasting output growth comes
from the estimation of linear models, such as the
following linear regression, or some variant of it:

(1) AY, = o+ BSpread +y(L)AY,_, +&,

where AY, is the growth rate of output (e.g., real
GDP); Spread is the difference between the yields
on long-term and short-term Treasury securities;
y(L) is a lagged polynomial, typically of length
four (current and three lags, assuming quarterly
data);” and ¢, is an error term.

Laurent (1988), Harvey (1988, 1989), and
Estrella and Hardouvelis (1991) were among the
first to present empirical evidence on the strength
of the relationship between the term spread and
output growth using U.S. data. Harvey (1989), for
example, finds that the spread between the yields
on 5-year and 3-month U.S. Treasury securities
predicts real gross national product growth from

7 For example, y(L) = y,L' + y,L? + y,L3 + y,L* where LAY, = AY,_,.
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1 to 5 quarters ahead. Similarly, Estrella and
Hardouvelis (1991) find that the spread between
yields on 10-year and 3-month Treasury securities
is useful for forecasting U.S. output growth and
recessions, as well as consumption and invest-
ment, especially at 4- to 6-quarter horizons.

Evidence from Outside the United States

Although the earliest studies were based on
U.S. data, several others have explored the useful-
ness of the spread for forecasting output growth
using data from other countries. Often these stud-
ies show considerable variation across countries
in how well the spread forecasts output growth.
For example, Plosser and Rouwenhorst (1994)
find that term spreads are useful for predicting
GDP growth in Canada and Germany, as well as
the United States, but not in France or the United
Kingdom. Plosser and Rouwenhorst (1994) also
find that foreign term spreads help predict future
changes in output in individual countries.

Davis and Fagan (1997) find that the term
spread has statistically significant within-sample
explanatory power for output growth in six of nine
European Union countries, but that the spread
improves out-of-sample forecasts and satisfies
conditions for statistical significance and stability
in only three countries (Belgium, Denmark, and
the United Kingdom). A related study by Berk
and van Bergeijk (2001) examines 12 euro-area
countries over the period 1970-98 and finds that
the term spread contains only limited information
about future output growth.

Several studies examine whether the term
spread contains information about future output
growth in Japan. Harvey (1991) finds that the
spread contains no information about future
economic activity in Japan for the period 1970-89.
By contrast, Hu (1993) finds a positive correlation
between the term spread and future economic
activity in Japan for the period from January 1957 to
April 1991, but that lagged changes in stock prices
and output growth have more explanatory power
than the term spread. Kim and Limpaphayom
(1997) argue that heavy regulation prevented
interest rates from reflecting market expectations
before 1984. Their study finds that the spread is
useful for predicting output growth up to five
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quarters ahead during 1984-91 (see also Nakaota,
2005).

Evidence from Multivariate Models

Several studies examine the marginal predic-
tive content of the term spread in models that
also include other explanatory variables. Estrella
and Hardouvelis (1991), Plosser and Rouwenhorst
(1994), Estrella and Mishkin (1997), Hamilton and
Kim (2002), and Feroli (2004) are among several
studies that find the term spread has significant
predictive power for economic growth even when
a short-term interest rate or other measure of the
stance of monetary policy is included as an addi-
tional explanatory variable. These results suggest
that monetary policy alone does not explain why
the term spread predicts output growth. However,
Stock and Watson (2003) show that including
other explanatory variables does not improve
forecasts obtained from a bivariate model of the
term spread and output growth.®

Aretz and Peel (2008) include both the term
spread and professional forecasts in a model of
output growth and find that both variables indi-
vidually forecast real GDP growth and that the
term spread contains information not captured
by professional forecasts. However, Aretz and
Peel (2008) find that the term spread contributes
no information beyond that in the professional
forecasts in models that assume that forecasters’
loss functions become more skewed as the fore-
cast horizon lengthens.

Hamilton and Kim (2002) note that (i) the
term spread consists of an expected interest rate
component and a term premium component and
(ii) determining the relative usefulness of one or
the other component for forecasting output growth
could help distinguish among alternative hypothe-
ses for why the term spread predicts output
growth. Hamilton and Kim (2002) find that the
expected change in the short-term interest rate
and the time-varying term premium both con-
tribute to forecasts of real GDP growth up to eight

quarters ahead. However, expected changes in
short-term rates explain significantly more of
the output growth than does the term premium.
Hence, the most important reason that an inverted
yield curve predicts slower output growth in the
future is that a low term spread implies falling
future short-term interest rates, rather than, say,
an increase in the term premium associated with
higher interest rate volatility near the end of eco-
nomic expansions.

Recent Research on the Stability of the
Forecasting Relationship

Table 2 summarizes the methods and principal
findings of several recent studies of the ability of
the term spread to forecast output growth. Much
of the research during the past decade focuses on
the stability of the forecasting relationship over
time. Several studies find that the spread has been
less useful for forecasting output growth since
the mid-1980s, at least for the United States.® For
example, Dotsey (1998) finds that the spread fore-
casts cumulative output growth up to two years in
the future, but does so less accurately for 1985-97
than for earlier years. Further, Dotsey (1998) finds
that the spread forecasts less accurately when past
values of output growth and short-term interest
rates are included in the forecasting model and
contributes no information to forecasts for the
1985-97 period.

Estrella, Rodrigues, and Schich (2003) test
for unknown breakpoints in the in-sample fore-
casting relationship between the term spread and
output growth using data for the United States
and Germany. Although the study detects a gener-
ally strong relationship between the term spread
and output growth one year in the future for both
countries, it identifies a break in September 1983
for the United States using models with one-year
forecast-horizons. Estrella, Rodrigues, and Schich
(2003), however, detect no breaks in longer-horizon
forecasting models for the United States or in
short- or long-horizon models estimated using
data for Germany.

8 Similarly, Cozier and Tkacz (1994) and Hamilton and Kim (2002)

find that the spread predicts future changes in output growth in
forecasting models that include the output gap and changes in the
price of oil, respectively, as an explanatory variable.
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9 In addition to the studies summarized in Table 2, other studies

that find a break in the forecasting relationship in the mid-1980s
include Haubrich and Dombrosky (1996), Estrella and Mishkin
(1997), and Smets and Tsatsaronis (1997).
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Stock and Watson (2003) examine the stability
of the forecasting relationship between the term
spread and output growth for the United States
and other countries and consider both in-sample
and out-of-sample forecasts. Like prior studies,
Stock and Watson (2003) find that the term spread
forecasts U.S. output growth less accurately after
1985. The study also finds that the spread fore-
casts output less accurately during 1985-99 than
a simple autoregressive model.

A recent study by Giacomini and Rossi (2006)
reexamines the forecasting performance of the
yield curve for output growth using forecast
breakdown tests developed by Giacomini and
Rossi (2009). Giacomini and Rossi (2006) show
that output growth models are characterized by a
breakdown of predictability. In particular, they
find strong evidence of forecast breakdowns at the
one-year horizon during 1974-76 and 1979-87.

Several studies that find diminished perfor-
mance of the term spread forecasts of output
growth in recent years point to the increased
stability of output growth and other macroeco-
nomic variables since the mid-1980s (at least until
2007) as a possible reason for the apparent change.
As noted previously, a change in the relative
responsiveness of monetary policy to output
growth and inflation could affect how well the
term spread predicts output growth. Bordo and
Haubrich (2004, 2008) investigate the ability of
the term spread to forecast U.S. output growth
across different monetary regimes from 1875 to
1997. The authors examine periods distinguished
by major changes in the monetary and interest
rate environment, including the founding of the
Federal Reserve System in 1914, World War II, the
Treasury-Fed Accord of 1951, and the closing of
the U.S. gold window and collapse of the Bretton
Woods system in 1971. Bordo and Haubrich
(2004, 2008) find that the term spread improves
the forecast of output growth, as indicated by the
mean squared forecast error, in three of the nine
subperiods they consider: (i) the period preceding
the establishment of the Federal Reserve System
(1875-1913), (ii) the first 13 years after the collapse
of the Bretton Woods system (1971-84), and, to a
lesser extent, (iii) the 1985-97 period.1? The term
spread does not improve forecasts of output

430 SEPTEMBER/OCTOBER, PART 1 2009

growth during the interwar period or the Bretton
Woods era that followed World War II.

Bordo and Haubrich (2004, 2008) find that
the term spread tends to forecast output growth
better during periods when the persistence of
inflation was relatively high, such as the first 13
years after the collapse of the Bretton Woods sys-
tem. In such periods, inflation shocks increase
both short- and long-term interest rates and thus
do not affect the slope of the yield curve. Real
shocks that are expected to be temporary, however,
increase short-term rates by more than long-term
rates and signal a future downturn in economic
activity. Bordo and Haubrich (2004, 2008) find
that the term spread forecasts output growth less
accurately when inflation persistence is relatively
low, as it was during the interwar period and the
Bretton Woods era. In such periods, both inflation
and real shocks increase short-term interest rates
more than long-term rates. Bordo and Haubrich
argue, however, that only real shocks are likely
to affect future output growth and, hence, the
lower the persistence of inflation, the noisier the
signal produced by the term spread about future
output growth.

Benati and Goodhart (2008) extend the work
of Bordo and Haubrich (2004, 2008) by (i) consid-
ering the marginal predictive content of the term
spread for forecasting output growth in a multi-
variate model and (ii) attempting to date more
precisely changes in the marginal predictive con-
tent of the spread over time. Whereas Bordo and
Haubrich (2004, 2008) estimate bivariate regres-
sion models similar to equation (1), Benati and
Goodhart (2008) estimate Bayesian time-varying
parameter vector autoregressions (VARs).

Benati and Goodhart (2008) find that the term
spread forecasts U.S. output growth better during
the 1880s and 1890s than during the first two
decades of the twentieth century. Further, like
Bordo and Haubrich (2004, 2008), Benati and
Goodhart (2008) find that the spread has almost
no predictive content for the interwar years or the

10 Bordo and Haubrich (2004, 2008) also estimate rolling regressions
with 24-quarter windows and find that the term spread predicts
output less accurately during the pre-Fed period than suggested by
their original estimates. However, their results for the post-Bretton
Woods era are robust to the use of rolling regressions.
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Bretton Woods era. In addition, the study finds
that the term spread contains significant predic-
tive information about output growth during
1979-87 but none for other postwar years. Benati
and Goodhart (2008) also find that estimates of
the marginal predictive content of the spread are
sensitive to whether a short-term interest rate and
inflation are included in the forecasting model,
and they find considerable variation in the mar-
ginal predictive content of the term spread over
time for other countries and for different forecast
horizons. Thus, like Bordo and Haubrich (2004,
2008), Benati and Goodhart (2008) find numerous
breaks in the relationship between the term spread
and future changes in output over time. However,
unlike Bordo and Haubrich (2004, 2008), the
breaks identified by Benati and Goodhart (2008)
are not clearly associated with changes in the
monetary regime or inflation persistence.

Evidence from Nonlinear Models

Much of the literature investigating the per-
formance of the term spread in forecasting output
growth relies on linear models. However, varia-
tion over time in the ability of the term spread
to forecast output growth suggests possible non-
linearities in the forecasting relationship and some
recent studies using data for the United States and
Canada find this to be the case. Further, researchers
are beginning to use models that capture such
nonlinearities. For example, Galbraith and Tkacz
(2000) find evidence of a threshold effect in the
relationship between the term spread and condi-
tional expectations of output growth for the United
States and Canada but not for other major devel-
oped countries. Specifically, the authors find a
large and statistically significant impact of the
term spread on conditional expectations of out-
put growth. However, the marginal effect that an
increase in the spread has on predicted output
growth is lower when the level of the term spread
rises above a certain point.

Shaaf (2000) and Tkacz (2001) use neural net-
work models to account for nonlinearity in the
relationship between the term spread and output
growth. Both studies find that this class of models
produces smaller forecast errors than linear
models. Venetis, Paya, and Peel (2003) use non-
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linear smooth transition models that can accom-
modate regime-type nonlinear behavior and
time-varying parameters to examine the predictive
power and stability of the term spread—output
growth relationship. Using data for the United
States, United Kingdom, and Canada, Venetis,
Paya, and Peel (2003) find that the term spread—
output growth relationship is stronger when past
values of the term spread do not exceed a positive
threshold value.!

Duarte, Venetis, and Paya (2005) use both
linear regression and nonlinear models to exam-
ine the predictive accuracy of the term spread—
output growth relationship among euro-area
countries. The authors find that linear indicator
and nonlinear threshold indicator models pre-
dict output growth well at four-quarter horizons
and that the term spread is a useful indicator of
future output growth and recessions in the euro
area. The linear models show signs of instability,
however, and the authors find evidence of signifi-
cant nonlinearities with respect to time and lagged
output growth. Further, the authors’ nonlinear
model outperforms their linear model in out-of-
sample forecasts of one-year-ahead output growth.

Ang, Piazzesi, and Wei (2006) point out that
the regressions typically used to investigate the
predictive content of the term spread are uncon-
strained, and the authors argue for a model that
treats both the term spread and output growth
as endogenous variables. Ang, Piazzesi, and Wei
(2006) build a dynamic model of GDP growth
and bond yields that completely characterizes
expectations of GDP growth. Using quarterly U.S.
data for 1952-2001, the authors find that, contrary
to previous research, the short-term interest rate
outperforms the term spread in forecasting real
GDP growth both in and out of sample and that
including the term spread does not significantly
improve forecasts of output growth.

In summary, the recent empirical literature
on the usefulness of the term spread for forecast-
ing output growth finds that the spread predicts
output growth less accurately in some countries
and some periods than in others. Notably, several

" For a discussion of smooth transition regression, see Granger and
Terédsvirta (1993) or Terédsvirta (1998).
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studies find that the term spread’s power to fore-
cast output has diminished since the mid-1980s.
Several recent studies find evidence of significant
nonlinearities, such as threshold effects, in the
empirical relationship between the term spread
and output growth.

DOES THE TERM SPREAD
FORECAST RECESSIONS?

As an alternative to using the term spread to
forecast output growth, many studies examine
the extent to which the term spread is useful for
forecasting the onset of recessions. Several of
those studies are summarized in Table 3.

Most recession-forecasting studies estimate a
probit model of the following type, in which the
dependent variable is a categorical variable set
equal to 1 for recession periods and to 0 otherwise:

(2) P(recession,)=F (o, + o, S, ),

where F indicates the cumulative normal distri-
bution function. If the coefficient o is statistically
significant, then the term spread, S,_,, is deemed
useful for forecasting a recession k periods ahead.

Models of the following form are often used
to test how well the spread predicts recessions
when additional explanatory variables are
included in the model:

(3)  P(recession,)=F (ot +0,S,_ +0,X, 1),

where X,_, is a vector of additional explanatory
variables. If ¢ is significant in equation (2) but
not in equation (3), then the ability of the spread
to predict recessions is not robust to the inclusion
of other variables.

Using probit estimation, Estrella and
Hardouvelis (1991) and Estrella and Mishkin
(1998) find that the term spread significantly out-
performs other financial and macroeconomic
variables in forecasting U.S. recessions. Estrella
and Hardouvelis (1991) show that the spread
between the yields on 10-year and 3-month
Treasury securities is a useful predictor of reces-
sions, as well as of future growth of output, con-
sumption, and investment. Estrella and Mishkin
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(1998) compare the ability of several financial
variables, including interest rates, interest rate
spreads, stock prices, and monetary aggregates, to
predict U.S. recessions out of sample. They find
that stock prices are useful for predicting reces-
sions at one- to three-quarter horizons but that
the term spread outperforms all other variables
beyond a one-quarter forecast horizon. Moreover,
based on U.S. data for 1955-98 and German data
for 1967-98, Estrella, Rodrigues, and Schich (2003)
find that models that use the term spread to pre-
dict recessions are more stable than forecasting
models for continuous variables, such as GDP
growth and industrial production.

The term spread appears useful for predicting
recessions in many countries. Using probit esti-
mation, Bernard and Gerlach (1998) find that the
term spread forecasts recessions up to two years
ahead in eight countries (Belgium, Canada, France,
Germany, Japan, the Netherlands, United Kingdom,
and United States) over the 1972-93 period. Simi-
larly, Moneta (2005) finds that the spread is useful
for predicting recession probabilities for the euro
area as a whole, as well as in individual countries.!?

Several studies test whether the term spread
remains useful for predicting recessions in multi-
variate forecasting models. For example, Dueker’s
(1997) probit model includes the change in an
index of leading economic indicators, real money
stock growth, the spread between the 6-month
commercial paper and Treasury bill rates, and the
percentage change in a stock price index, as well
as the difference in yields on 30-year Treasury
bonds and 3-month Treasury bills as a measure
of the term spread. Dueker (1997) finds that among
the variables, the term spread is the dominant
predictor of recessions at horizons beyond three
months.

Bernard and Gerlach (1998) include both an
index of leading indicators and foreign interest
rate term spreads in a recession-forecasting model.
The index of leading indicators contains infor-
mation beyond that in the term spreads, but the

2 Moneta (2005) examines the predictive power of 10 yield spreads,
representing different segments of the yield curve, and finds that
the spread between the yield on 10-year government bonds and
the 3-month interbank rate outperforms all other spreads in pre-
dicting recessions in the euro area.

FEDERAL RESERVE BANK OF ST. LOUIS REVIEW



information is useful only for forecasting reces-
sions in the immediate future. Bernard and Gerlach
(1998) find that in addition to the domestic term
spread, the term spreads of Germany and the
United States are particularly useful for forecast-
ing recessions in Japan and the United Kingdom,
respectively.

Sensier et al. (2004) use logit models to pre-
dict recessions in four European countries. The
authors find that international data (in particular,
the U.S. index of leading indicators and short-term
interest rate) are useful for predicting business
cycles in the four countries. The domestic term
spread helps forecast recessions in Germany
when international variables are included in the
model, and short- and long-term interest rates
entered separately help forecast recessions in
France and the United Kingdom.

Wright (2006) confirms previous studies in
finding that the term spread is highly statistically
significant in a bivariate probit recession model
estimated on U.S. data for 1964-2005. However,
Wright (2006) also finds that a model that includes
both the federal funds rate and term spread fits
the data much better than the bivariate model
and provides superior out-of-sample recession
forecasts. Similarly, King, Levin, and Perli (2007)
find that a model that includes a corporate credit
spread produces superior in- and out-of-sample
recession forecasts compared with a model that
includes only the term spread. In addition, they
find that the multivariate model produces a
much lower incidence of false-positive recession
predictions.

Rosenberg and Maurer (2008) investigate
whether recession forecasts can be improved by
distinguishing between the interest rate expecta-
tions and term premium components of the term
spread. Their approach is similar to that of
Hamilton and Kim (2002) discussed previously.
If changes in the term premium distort the empiri-
cal relationship between the spread and reces-
sions, a model that isolates interest rate
expectations might yield superior recession fore-
casts. Rosenberg and Maurer (2008) find that the
expectations component is more useful for fore-
casting recessions than the term premium and
that only the coefficient on the expectations
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component is statistically significant in the pro-
bit model. Their study finds, however, that the
term spread and expectations component gener-
ally produce similar recession probability fore-
casts. Moreover, between August 2006 and May
2007, the term spread model predicted a signifi-
cantly higher recession probability than did the
expectations component model.

Several recent studies investigate nonlineari-
ties in recession-forecasting models. For example,
Dueker (1997) estimates a probit model with
Markov-switching coefficient variation and a
lagged dependent variable. He finds that allowing
for Markov-switching coefficient variation on the
term spread improves forecast accuracy, espe-
cially at longer horizons, while including the
lagged value of the recession indicator improves
the model’s fit and forecast accuracy, especially
at 3- to 12-month horizons. Further, Dueker (1997)
finds that the nonlinear model produces fewer
false warnings of recessions than a linear model.

Ahrens (2002) estimates a probit forecasting
model in which the term spread is assumed to
follow a two-state Markov process. Using data
for 1970-96 for eight countries among the
Organisation for Economic Co-operation and
Development (Canada, France, Germany, Italy,
Japan, the Netherlands, the United Kingdom,
and the United States), Ahrens (2002) finds that
the term spread is a reliable predictor of business
cycle peaks and troughs. Like Dueker (1997),
Ahrens (2002) finds that the regime-switching
framework produces more-accurate estimates of
recession probabilities.

Other studies that estimate augmented probit
(or logit) models, or compare results from probit
estimation with those obtained using other
methods, include Chauvet and Potter (2005),
Galvao (2006), and Dueker (2005).

Chauvet and Potter (2005) compare recession
forecasts obtained using four different probit
model specifications: (i) a time-invariant condi-
tionally independent version, (ii) a business
cycle—specific conditionally independent model,
(iii) a time-invariant probit model with autocor-
related errors, and (iv) a business cycle—specific
probit model with autocorrelated errors. Chauvet
and Potter (2005) find evidence in favor of the
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business cycle—specific probit model with auto-
correlated errors, which allows for multiple
structural breaks across business cycles and
autocorrelation.

Galvao (2006) estimates a recession-forecasting
model that accounts for time-varying nonlinearity
and structural breaks in the relationship between
the term spread and recessions. The author finds
that a model with time-varying thresholds pre-
dicts the timing of recessions better than models
with a constant threshold or that allow only a
structural break.

Finally, Dueker (2005) proposes a VAR
(“Qual-VAR”) model to forecast recessions using
data on the term spread, GDP growth, inflation,
and the federal funds rate. He finds that the model
fits well in sample and accurately forecasts the
2001 recession out of sample.

In summary, most empirical research to date
finds that the term spread is useful for forecasting
recessions—both for the United States and other
countries—and that the spread predicts recessions
more reliably than it does output growth. However,
a few studies find that multivariate models that
include other financial indicators besides the term
spread improve recession-forecasting performance,
as do models that account for threshold effects
or other nonlinearities in the empirical relation-
ship between the term spread and recessions.

CONCLUSION

The literature on the relationship between
the yield curve and economic activity is large
and expanding rapidly. Much of the literature
examines empirically how well the term spread
forecasts output growth or recessions, with less
emphasis on why the yield curve predicts eco-
nomic activity. To a great extent, the observation
that changes in the slope of the yield curve appear
to forecast changes in economic activity remains,
as Benati and Goodhart (2008, p. 1237) contend,
“a stylized fact in search of a theory.”

Does the yield spread forecast output growth?
Does it forecast recessions? The answer to both
questions is a qualified “yes.” Early studies based
on estimation of linear forecasting models using

436 SEPTEMBER/OCTOBER, PART 1 2009

postwar U.S. data, as well as several recent studies,
find that the term spread forecasts output growth
well. Much research finds that the term spread is
useful for forecasting output growth, especially
at horizons of 6 to 12 months, and that the term
spread remains useful even if other variables,
including measures of monetary policy, are added
to the forecasting model. However, several recent
studies also find considerable variation in the
ability of the spread to forecast output growth
across countries and time periods. In particular,
several studies find that the spread’s ability to
predict output growth has diminished since the
mid-1980s. The literature also provides consid-
erable evidence of nonlinearities and structural
breaks in the relationship between the term spread
and output growth.

In general, studies show that the term spread
is a more reliable predictor of recessions than of
output growth and that the spread provides good
recession forecasts, especially up to one year
ahead. Researchers generally obtain superior fore-
casting performance from (i) probit models that
include a lagged recession indicator and Markov-
switching coefficients or other nonlinearities and
(ii) other nonlinear approaches, such as smooth
transition regression and multivariate adaptive
regression splines estimation.

The literature has not reached a consensus
regarding the reasons for structural breaks or non-
linearities in the empirical relationship between
the term spread and future economic activity.
Several studies note that the relationship between
the nominal yield curve and future economic
activity is likely to depend on the nature of the
monetary regime, including the relative respon-
siveness of the monetary authority to output and
inflation. For example, the term spread is likely
to forecast output growth better when the mone-
tary authority is more responsive to output than
inflation and when inflation is relatively persis-
tent. Further estimation refinements, as well as
additional research based on dynamic structural
models (Ang, Piazzesi, and Wei, 2006), might
provide insights into the interactions among the
policy regime, financial variables, and output
growth that help explain the questions posed by
the empirical literature.
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