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Abstract

We use a macro-finance model, incorporating macroeconomic and financial factors, to study the
term premium in the U.S. bond market. Estimating the model using Bayesian techniques, we find
that a single factor explains most of the variation in bond risk premiums. Furthermore, the model-
implied risk premiums account for up to 40% of the variability of one- and two-year excess returns.
Using the model to decompose yield spreads into an expectations and a term premium component,
we find that, although this decomposition does not seem important to forecast economic activity, it

is crucial to forecast inflation for most forecasting horizons.
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1 Introduction

The term structure of interest rates has long been recognized as a potential source of infor-
mation about future macroeconomic developments. This prevalent belief on the forward-
looking characteristic of the yield curve is best represented by the expectations hypothesis
(EH). According to this theory, the slope of the yield curve reflects market expectations
of the average future path of short-term interest rates. Following the EH, it makes sense
then to use yield curve information to forecast macroeconomic aggregates such as real
economic activity and inﬂationEl

In its pure version, the EH implies that bond yields are fully determined by the expected
path of the short-term interest rate with zero term premium. The extended version of
the EH allows for a maturity-specific constant term premium, and forms the basis of
recent latent factor, semi-structural or structural models of the yield curveEl If, however,
bond yields consist in part of significant time-varying term premiums not only does the
EH not hold, and therefore should not be assumed in yield curve models, but also the
information content of the yield curve with respect to macroeconomic aggregates may be
affected. Therefore, determining the contribution of the expectations and term premium
components in bond yields might allow a more precise interpretation of the dynamics of
the term structure of interest rates and the construction of better information variables
for macroeconomic forecasting.

The identification of the expectations and term premium components of the yield curve is,
however, not straightforward. Despite the fact that the expectations theory has been re-
jected in a number of empirical studies’|[Swanson| (2007)) and [Rudebusch et al|({2007) show

that term premium estimates can differ by more than four percentage points depending

on the model used in the decomposition. This lack of identification of term premiums is

not surprising given the prominent role of unobserved long-run interest rate expectations

in the expectations component of the yield curve (see [Kozicki and Tinsley| (2001])).

In this paper, we investigate the failure of the EH and its consequences for macroeconomic
forecasting. We adopt the Extended Macro-Finance (EMF) model of [Dewachter and Iania]
(12011)), which augments standard MF models of the term structure of interest rate H with

the inclusion of three financial factors and two stochastic trends. The first two financial

factors reflect financial strains in the money market, while the third financial factor is

1 investigates the theoretical reasons behind the predictive power of the yield curve to
forecast output and inflation. Regarding the prediction of economic activity, see, among others, [Estrella
pnd Hardouvelis] (1991), [Estrella_and Mishkin] [T998)), [Plosser and Rouwenhorst] (1994), and [Stock and
[Watson] (1989). For inflation, see, for example, [Fama] (T990)), [Mishkin] (1990), [Estrella and Mishkin| (1997),
and [Jorion and Mishkin] [T991).

%See, for example, [Bekaert et al.l (2010), [De Graeve et al] (2009)), [Dewachter and Lyrio| (2008)), [Hordahl|

[t aI] (2008), and [Vasicek] [1977).
TSee [Famal (1984]), [Jones and Roley] (1983)), [Mankiw and Summers| (1984)), and |Shiller et al.| (1983)).

For more recent studies, see [Cochrane and Piazzesi] (2005)), [Cochrane and Piazzesi] (2009)), [Duffee] (2011)),
and [Joslin et al| (2009). These papers report statistically and economically significant time-varying risk
premiums.

*See, for example, [Ang and Piazzesi] (2003)), [Bekaert et al] 2010), [Hordahl et al] (2006, and [Rudebusch|
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designed to capture time variation in bond risk premiums. The two stochastic trends allow
for highly persistent processes capturing time variation in long-run inflation expectations
and in the equilibrium real rate, two key components of long-run interest rate expectations.
We analyze, through the lens of this MF model, two relevant issues related to the failure
of the EH: the dynamics of bond risk premiums and the information content of the yield
spread and its expectations and term premium components for the forecasting of economic
activity and inflation.

Related literature includes[Hamilton and Kim] (2002]) who decompose yield spreads into an
expectations and a term premium component to forecast GDP growth. [Ang et al| (2006)
and [Favero et al] (2005]) adopt the same approach while [Rudebusch et al] (2007) assesses

the implications of structural and reduced-form models for the relationship between term

premium and economic activity. Since each of these studies adopts a different technique
to decompose yield spreads, they reach different conclusions regarding the importance of
each component in the forecasting of output growth. We are not aware of any study that
uses such decomposition to forecast inflation.

Our analysis contributes to the current MF literature in several ways. First, we show that

the EMF model is able to extract reasonable estimates for the term premium dynamics.

The dynamics of our term premium is similar to the ones reported by [Kim and Wright|
([2005)), which is considered by [Rudebusch et al] (2007]) as one of the most representative

measure among the measures examined by these authors. This is achieved by the use of a

single factor as the main driving force behind bond risk premiums. This factor turns out

to be similar to the return-forecasting factor proposed by [Cochrane and Piazzesil (2005)),
the CP factor.

Second, we find that (i) the expectations component of short-term bonds is mainly driven

by monetary policy shocks while that of long-term bonds is affected by all macro shocks
and in particular long-run inflation shocks, and that (i7) movements in the term premium
component are mainly associated with financial shocks. These results show that the rele-

vance of introducing stochastic endpoints and risk premiums dynamics in a MF model is

not limited to the improvement of the yield curve fit (as shown in [Dewachter and Ianial
(2011))), but is also essential in the identification of bond yields’ expectations and term

premium components.

Third, we show that while the yield spread decomposition is crucial for forecasting inflation
changes, it is less relevant in the forecasting of real activity. Our results suggest that
looking at the yield spread to infer future changes in inflation (via, for example, the
Fisher hypothesis) might be suboptimal since the information content of the yield spread
is affected by the presence of a sizeable, time-varying risk premium component. This
finding is robust to the inclusion of control variables. For real activity measures like real
GDP growth and the output gap, the decomposition of the yield spread is less important
The remainder of the paper is organized as follows. Section 2 explains briefly the EMF
model and discusses the implied decomposition of the yield curve in expectations and term

premium components. Section 3 describes the data and the Bayesian model specification



used to estimate the EMF model. Section 4 analyses the model-implied risk premiums
and focus on the yield decomposition and its impact in the forecasting of real activity

measures and inflation. The main findings are summarized in the conclusion.

2 Affine models for bond and term premiums

2.1 Bond and term premiums

A standard decomposition of the default-free yield curve separates the expectations and

term premium components of n-period zero-coupon bond yields at time t as follows:

~~

Term premium component

n—1
y" = %ZE:: ]+ . (1)
7=0

Expectations component

The expectations component denotes the average expected one-period interest rate over
the maturity of the bond and the term premium the additional compensation to lock in the
money over n periods. The term premium can be written as the average one-period bond
risk premium obtained from holding the bond to maturity (Cudvigson and Ng] (2009)):

Xz(en) ZEt |:Txt+T t+’r+1} (2)

where rxgi;;lT 41 denotes the one-period excess log return of a n-period bond and is
defined as:
n—1 n 1
rafpy = (P Y BM) — Y. (3)

Under the extended EH, the one-period risk premium is constant but maturity specific,
ie. E; [TCUEZ;BFT +1] = ¢(n), and all variation in the yield curve is generated by changes in
market expectations about future short rates. A failure of the EH implies that the yield

curve reacts to changes in both the expected short-term rates and the term premiums.
2.2 The Extended Macro-Finance model of bond and term premiums

2.2.1 Macro-finance framework

The class of essentially affine MF models allows one to express the yield on a n-period

(n)

bond at time ¢, y, ’, as an affine function of a state vector, X;:

y™ = Ay + By Xy (4)

More specifically, this class of models, introduced by [Duffee| (2002) and [Ang and Piazzesi|
(2003)), posits (i) a Gaussian linear state space dynamics:

Xiy1 = C+ OX; + Yepy, ge41 ~ N(0, 1), (5)



and (ii) an exponential affine structure on the pricing kernel m;1:
mi41 = eXp(*th — 05A;At — At8t+1),

with
it = do + 01 Xy,

B (6)
Ay = Ao+ A1 X

Imposing the no-arbitrage condition on the zero-coupon bond price, i.e. Pt(n) = Ey(mys1 Pt(f; 1)),
results in an affine yield curve representation, see Eq. , where A, ,, and B, , satisfy the
well-known no-arbitrage difference equations (see e.g. [Duffed (2002)) and [Ang and Piazzesi|
Em))

The model summarized by Egs. and allows an affine representation of the yield
components in Egs. and . This is achieved with the use of Eq. and the relation
linking bond prices to bond yields:

yoo= (7)

)

since Pt(0 = 1. Next, we specify each factor included in the EMF model.

2.2.2 The Extended Macro-Finance model

The EMF model incorporates eight state variables sorted in three groups. The first group
includes three observable macroeconomic factors (inflation, 7y, the output gap, ¢, and the
central bank policy rate, i€?). The second group consists of three latent financial factors.
The first two are related to the overall liquidity risk in the money market (11, and la,
respectively), while the third (l3;) drives the one-period risk premium. The third group
contains two stochastic trends modelling the long-run inflation expectation, 7}, and the

equilibrium real rate, p;. The state vector is, therefore, given by:

Xy = [Trtu §t7 ifba ll,t, l2,t, ls,t, Wf, pt]/~ (8)

The inclusion of the observable macroeconomic variables is standard in MF models. The
introduction of liquidity factors is motivated by recent evidence documenting the impact
of liquidity shocks on the yield curve (see [Christensen et al] (2009), [Liu et al] (2006)).

The liquidity factors are linked to tensions in the money market, which can be measured

by the TED spread, i.e. the spread between the unsecured money market rate,

and the 1-quarter Treasury bill (T-bill) rate, ygl). The liquidity factors decompose the

TED spread in specific dimensions of liquidity risk. The spread factor [; ; represents a
convenience yield from holding T-bills and can be seen as a flight-to-quality component.
A flight-to-quality (i.e. to government bonds) is typically followed by a widening of the
spread between the yield on secured or collateralized money market rate, i, "’, and the

T-bill rate. The spread factor la; is identified by the difference between unsecured and



secured money market rates and reflects a counterparty, credit risk component. Formally:

TED; = i — y M = 1, + Iy,

__ ;Tepo 1)
ll,t =1 — Yy (9)
loy = VM — 7P,

The third financial factor (I3+) is motivated by evidence from|[Cochrane and Piazzesi (2005))

and|Joslin et al|(2010]) showing that a large fraction of the variation in bond risk premiums

cannot be explained by macroeconomic factors but should be modelled by an additional
return-forecasting factor. In the EMF model, this factor is identified by restrictions on
the prices of risk such that it accounts for all the time variation in the one-period risk
premium across the yield curve. Finally, the third group of state variables includes two
stochastic trends that obtain their macroeconomic interpretation through the following

cointegrating restrictionsﬂ

im By [m4s] = 7],

ST (10)
lim E; [if5,] = pr + 7.

S§—00

2.3 Estimation

The EMF model contains 92 parameters represented by the vector #. We estimate the

model using a standard Metropolis-Hasting algorithm based on relatively loose priors

reflecting standard beliefs regarding the macroeconomic dynamics (see[Smets and Wouters|
(2007), among others)ﬁ We check convergence by means of standard convergence testsﬂ
We estimate the EMF model on U.S. quarterly data over the period 1960:Q1-2008:Q4 (196

obs.), making use of four groups of information variables: (i) standard macroeconomic

series; (i7) yield curve data; (i7¢) money market rates; and (7v) data on inflation forecasts
and potential output growth. The first group contains annualized inflation based on the
quarterly growth of the GDP deflator, the output gap constructed from data provided by
the Congressional Budget Office (CBO), and the central bank policy rate represented by
the effective federal funds rate. The data are obtained from the Federal Reserve Bank of
St. Louis FRED database and are assumed to be observed without errors. The second
group includes per annum zero-coupon yield data for maturities of 1, 4, 8, 12, 16, 20, and
40 quarters from the Fama-Bliss Center for Research in Security Prices (CRSP) bond files
with the exception of 40-quarter yields obtained from [Giirkaynak et al] (2007). We assume
all yields are measured with an error. The third group includes the 1-quarter Eurodollar
rate (i) from 1971:Q2 to 1986:Q1 and the I-quarter London Interbank offered rate -
LIBOR (Lb) (if?) for the period after that, as our measure for the unsecured money

market rate (i7"™), both from Datastreamf] The secured money market rate (i;"°) is

5See |Dewachter and Ianial (]201 1[) for details on the identification restrictions for these stochastic trends.

STable I of the online Appendix to this paper lists the type of distribution, mean and standard deviation
for the prior of the parameter vector 6.

"For details of the estimation method, see [Dewachter and lanial (2011)).

8The LIBOR rate is an average of rates at which banks offer funds (offer side), while the Eurodollar




represented by the government-backed collateral repo rate (GC-repo) from Bloomberg
(ticker RPGT03M). The fourth group includes survey data on the average 4- and 40-
quarter inflation forecasts retrieved from the Survey of Professional Forecasters (Federal
Reserve Bank of Philadelphia) and used to identify long-run inflation expectations, and
data on potential output growth measured as the quarterly growth of CBO potential
output and used to identify the equilibrium real rate.

In the forecasting exercise of Section we also use inflation forecasts from the Green-
book dataset provided by the Federal Reserve Bank of Philadelphia for the period 1974:Q2
to 2005:Q4 (127 obs.). The data consist of annualized quarterly growth rate of the GDP
deflator and end in 2005 due to the five-year lag between the forecast and the release date.

Table 1 presents the summary statistics of all the data used in the estimation.

3 Empirical results

Section [3.1] discusses the implications of the estimated EMF model and the implied decom-
position of the yield curve for the prediction of excess bond returns. Section assesses

the impact of such decomposition for the prediction of real economic activity and inflation.

3.1 Bond risk premium

The EMF model clearly rejects the extended EHEl Figure 1 shows that the model-implied
risk premiums exhibit statistically significant time variation (see the 99% error bands), re-
jecting the null of constant risk premium. The risk premiums also display strong collinear-
ity across maturities, indicating the presence of a dominant factor which is represented by
the factor l3;. Figure 2 suggests that this factor is closely related to the benchmark factor
of[Cochrane and Piazzesi (2005)), the CP factor, with a correlation of 67% between the two

series. Finally, in line with the literature, risk premiums tend to be countercyclical. The

4-quarter expected excess return for 8- to 20-quarter bonds has a correlation of around
-45% with the output gap.

Insert Figures 1 and 2

We assess the performance of the EMF model by examining the fit of the bond risk
premiums. Table 2 presents in-sample and out-of-sample results for excess bond returns
implied by [Cochrane and Piazzesi (2005))’s method and the EMF model. The analysis is
done for a 20-quarter bond and for 4- and 8-quarter holding periods. Panel A reports the

adjusted R? for in-sample regressions of the realized excess return on the CP factor and
the EMF model-implied risk premium. We find that the EMF model explains a substantial
amount of the variation in realized excess returns. This finding is in line with

rate refers to a rate at which banks want to borrow funds (bid side). Typically, the Eurodollar rate is
about one basis point below the LIBOR rate. In the estimation, we assume there is a spread between these
rates equal to a constant plus an 1diosyncratic shock.

"The parameter estimates of the EMF model are presented in Tables 2 to 4 of the online Appendix to|
this paper.




[and Piazzesi (2005) and [Ludvigson and Ng| (2009), who show that a limited number of

factors can forecast a significant part of realized excess returns. For the 4-quarter horizon,

the performance of our model and that of [Cochrane and Piazzesi| (2005] is comparable,

predicting above 30% of the in-sample variation in the realized excess returns. For the
8-quarter horizon, the EMF factor explains almost 40% while the CP factor explains 21%
of the variability in realized excess returns.

Panel B of Table 2 reports the out-of-sample results for the period 1996:Q1-2008:Q4. We
compare the performance in terms of the mean square error (MSE) of the EMF model
against the CP factor and a random walk (RW) model with drift (i.e. with constant
risk premium or no predictability for excess returns). The EMF model has a slightly
superior performance against the CP model for both forecasting horizons (4 and 8 quar-
ters). Against the RW model, the EMF model has a slightly inferior performance for the
4-quarter horizon but a superior performance over 8 quartersH Therefore, despite the
strong in-sample performance of the EMF model, its out-of-sample performance seems less
robust.

Insert Table 2

Additionally, we check the unbiasedness of the estimated bond risk premiums. We regress

the realized excess returns on the expected excess returns implied by the EMF model:

rxﬁl_k =a+ PE; [T‘xﬁi_k] + €41k, n = 20 qtr, k =4, 8 qtr, (11)

gl_k denotes the realized return in excess of the k-quarter risk-free rate of buying
(n)
tt+k

model-implied risk premium. We test the joint hypothesis that « = 0 and 5 = 1. Table 3

where rx

a n-quarter bond at time ¢ and selling it after k quarters, and E} [r:p } represents the
shows that the estimated risk premiums are unbiased: (7) all « coefficients are statistically
insignificant while the 3 coefficients are not statistically different from one; and (i7) based

on a standard F-test, we cannot reject the joint hypothesis for a and BE
Insert Table 3

We now assess the contribution of each type of shock to the dynamics of bond risk premi-
ums making use of a variance decomposition. The EMF model implies that risk premiums
are mainly driven by financial shocks, with a marginal contribution from macroeconomic
shocks. Panel A of Table 4 illustrates this by means of a variance decomposition of the
4-quarter risk premiums of 8- and 20-quarter bondsH The results highlight the impor-
tance of three types of shocks: (i) return-forecasting factor (i.e. risk premium) shocks are

the dominant source of variation, explaining between 60% and 80% of the variation in risk

YFor bonds with other maturities (8, 12, and 16 quarters), however, the EMF model has a performance
which is equal or superior to both the CP and RW models. The results are available upon request.

"'This result also holds for bonds with maturities of 8, 12, and 16 quarters. The results are available
upon request.

"2The ordering of the variables is the same as the one in the state vector (Eq. )



premiums; (7) liquidity shocks explain between 12% and 20% of this variation; and (1)
for long horizons, monetary policy shocks account for approximately 15% of the variance
decomposition.

Insert Table 4

3.2 Term premium

The rejection of the EH raises the question of the relative importance of the expectations
and term premium components in the yield curve (and yield spread) dynamics. This is a

relevant issue since yield curve changes might entail different macroeconomic interpreta-

tions depending on the source of variation (see [Rudebusch et al] (2007); [Ludvigson and]
(2009)). In this section, we first decompose bond yields and analyze the macroeco-

nomic and financial drivers of their components. We then study the predictive power of

a popular yield curve indicator, the yield spread, and its expectations and term premium

components for economic activity and inflation.

3.2.1 Decomposing the yield curve

Figure 3 illustrates the decomposition of the yield curve. The top panel shows the model-
implied time series of the 40-quarter yield while the middle panel displays its expectations
component. The bottom panel plots the term premium implied by the EMF model and
compares it to the [Kim and Wright| (2005]) measure (KW)H Despite the significant differ-

ences in structure between the EMF and KW models[Y] the term premiums derived from

these models are remarkably similar. This result might be surprising given the findings
of [Rudebusch et al] (2007). They find that the behavior of the KW and the
(2004]) measures are remarkably similar while that of [Cochrane and Piazzesi| (2005])

is harder to understand since it is well below the other measures and far too volatile.

Our EMF model is able to filter a return-forecasting factor similar to the CP factor while

generating a term premium measure similar to that of [Kim and Wright] (2005).

Insert Figure 3

The time variation in our term premium series is substantial, which indicates that the
rejection of the EH documented above has significant economic implications. In particular,
the one-to-one relation between yields and expected short rates (implying a constant,
maturity-specific term premium) breaks down.

Panels B and C of Table 4 show the variance decomposition of the expectations and
term premium components, respectively, of 4- and 40-quarter bonds. The expectations

component of 4-quarter bonds is dominated by monetary policy shocks while of long-term

13The Federal Reserve Board provides data to generate the term premium from the [Kim and Wright

(2005) model.
TThe [Kim and Wright| (2005) model is a standard latent factor model augmented with survey data,
whereas the EMF model combines macroeconomic, yield curve, and survey data.




bonds is dominated by long-run inflation shocks. In line with the findings of Section
the term premium component is driven mainly by risk premium shocks. Liquidity
and policy rate shocks have a smaller effect over all horizons while macroeconomic shocks
are insignificant. To the extent that financial shocks carry different information than
macroeconomic shocks, one may expect a difference in the information content of the
expectation and term premium component. This follows as a direct consequence of the
difference in relative importance of financial and macroeconomic shocks in, respectively,
the term premium and expectations components. As a consequence, it may also blur the
informational content of yield spreads which is the measure mostly used for macroeconomic
predictions.

Since in the next section we focus on the predictive content of yield spreads for macro-
economic predictions, we illustrate in Figure 4 the decomposition of yield spreads into
an expectations and a term premium component. The top panel of this figure shows the
40-quarter yield spread implied by the EMF model and the middle and bottom panels
display its expectations and term premium components, respectively. As expected, this
figure suggests that a significant part of the yield spread variation is due to the variation
in the term premium.

Insert Figure 4

3.2.2 Macroeconomic information in the yield curve

(”))

We assess the information content of the EMF model-implied expectations (Spr;’ and

term premium (X§n)) components of yield spreads (Sprin)) in the predictive regressions

of real economic activity and inflation, with Sprt(n) = yt(n) — yt(l) = Spry ’(n)—l— Xff‘). We
concentrate on two measures of economic activity: real GDP growth and the output gap.
Our analysis of the GDP growth is closely related to [Ang et al| (2006)), [Estrella and)|
[Mishkin] (1997) and [Rudebusch et al] (2007), while the prediction exercise for the ouput

gap is relatively new. We also use two measures of inflation in our analysis. We forecast

inflation taking into consideration the main results of [Faust and Wright| (2011]), and predict
forward inflation changes as in [Estrella and Mishkin| (1997) and [Mishkin| (1990).

Predicting economic activity For GDP growth, we estimate several predictive re-
gressions, where the most extended version regresses the cumulative real GDP growth for

the next k quarters on the yield spread components:
_ EC S e,(n) (n) TP (n) § (1) 12
itk =+ S0 (Spry T X )+ BT X 9+ 0y + ek (12)
where g; = gs—1-+ denotes GDP growth in the past quarter, expressed in yearly terms. In

line with the literature, we use lagged GDP growth, g¢, and the short-term interest rate,

yt(l), as control variables. For output gap predictions, we use a similar specification:

ook = a+ BEC(Spre™ 43y + 873 1y + 5y + e (13)



where y4; denotes the output gap at time ¢ + k. For both regressions, we distinguish
between four types of models. Model 1 is the standard representation based solely on
the spread and, therefore, imposes that 77 = v = § = 0. Model 2 allows for different
informational content from each spread component, i.e. it allows 877 # 0. Note that, by
construction, a statistical test for the relevance of the spread decomposition consists of
testing the null of 37 = 0. Model 3 extends model 1 (without the spread decomposition)
by allowing for the two control variables. Model 4 is the most general case as in Eqgs. ([12))
and . We estimate each model using 4-, 20-, or 40-quarter yield spreads and for a
forecasting horizon (k) of 1, 4, and 8 quarters.

Table 5 summarizes the results for the GDP growth predictive regressions (Eq. ) The
estimates for model 1 show a positive relation between spreads and future GDP growth
which is statistically significant for all horizons. Yield spreads are, however, not sufficient
statistics for GDP growth predictions. Adding control variables improves the performance
of the predictive equations in almost all cases if the yield spread is used (model 3) and
in all cases if the decomposed spread is used (model 4). Note however that the inclusion
of control variables (model 3) does not drive out the yield spread as a predicting variable

(unlike [Ang et al] (2006])).

We now assess the impact of the yield spread decomposition to forecast GDP growth.

Although a simple decomposition of the yield spread (model 2) improves forecasts of GDP
growth, the increase in the adjusted R? is smaller than the one obtained with the use of
control variables (model 3). Finally, comparing models 1 and 2 and models 3 and 4, we
observe that although the decomposition of the yield spread into its components leads in
most cases to an increase in the adjusted R?, in all cases we cannot reject the hypothesis
that 7P = 0. Therefore, surprisingly, the yield spread decomposition as implied by the
EFM model improves only marginally (and not statistically significant) the prediction of
GDP growth
Insert Table 5

The results in the literature regarding the importance of each yield spread component
are contradictory. Our results are in line with [Ang et al] (2006), who find that only
the expectations component is relevant to forecast output growth. |[Hamilton and Kim|
(2002)) find that both components are important, while [Favero et al| (2005) attribute

more importance to the term premium component.

Table 6 summarizes the results for the output gap regressions (Eq. ) The estimates
for model 1 show that the yield spread alone has minor predictive power for the output
gap. The results for model 2 indicate that a decomposition of yield spreads improves
significantly their forecasting ability. The expectations component signals most of the time

a statistically significant increase in the output gap. The results for model 3, however,

5 Interestingly, [Ang et al| (2006) recommend for prediction purposes the use of the longest maturity

yield to measure the spread. In their case, this is the 20-quarter yield. Our longest yield has a maturity
of 40 quarters but we find that in 9 out of 12 cases the best spread to be used in order to forecast GDP
growth is the 20-quarter spread.

10



reveal that the inclusion of control variables have a greater impact on the forecasting ability
for the output gap than the decomposition of the yield spread, although less significant for
longer forecasting horizons (8 quarters). This is mostly due to the correlation structure
in the ouput gap series, which is particularly strong for short lags. Also, once control
variables are included, the yield spread is statistically significant in only four out of nine
cases. Finally, the results for model 4 show, with one exception, that once control variables
are included we cannot reject the hypothesis that 57 = 0. As a consequence, comparing
models 3 and 4 we conclude that the increase in the adjusted R? due to the decomposition
of the yield spread is no longer significant. Hence, once we control for the current level of
the output gap and the short-term interest rate, the yield spread decomposition does not

seem to contribute to the prediction of the output gap.
Insert Table 6

We analyze now whether the predictive content of the yield spread and its components has
changed over time. The analysis concentrates on the GDP growth. We use an expanding
window starting in 1960:Q1 both to reestimate the EFM model and for the predictive
regressions (Eq. ) Figure 5 shows the end date of the sample period used and the
resulting adjusted R2. We observe a general decrease in the predictive power over time
which seems stronger after 2002. The figure also shows that a simple yield spread de-
composition (i.e. without control variables) has a higher forecasting ability for short-term
horizons. The opposite happens if one allows for control variables, i.e. the yield spread
decomposition becomes more important for long-horizon forecasts. This improvement is

significant for the 8-quarter horizon although such gain has decreased over timem

Insert Figure 5

Predicting inflation We investigate the contribution of the yield spread decomposition

in forecasting inflation using two sets of predictive regressions. The first set is based on

the work of [Faust and Wright| (2011)), who analyze seventeen methods to forecast inflation.
They find that for our measure of inflation (GDP deflator) the Federal Reserve’s Greenbook
forecast outperforms most model-based forecasts and that the random walk-based model
of [Atkeson and Ohanian| (2001)), the RW-AO, does remarkably well in forecasting inflation.

We therefore assess whether (i) the yield spread decomposition has predictive power to

forecast inflation beyond the RW-AO method, and (ii) whether the forecasting power is
robust to the inclusion of a set of control variables, including the Greenbook forecast. The
second set of regressions is based on the work of [Estrella and Mishkin| (1997) and [Mishkin]
, who examine the information in the long-end of the term structure to forecast

Figure 1 of the online Appendix shows the results for the output gap. The predictive power of the
yield spread and its components has remained almost constant over time with a slight decrease at the
end of the sample period. Also, in general, the inclusion of control variables has a higher impact on the
adjusted R? than the decomposition of the yield spread.
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future changes in forward inflation.

Our first set of regressions is based on the RW-AO model. This model predicts that
the inflation £ periods ahead is equal to the average of quarterly inflation over the past
four quarters, m;_3; = % Z?:o mi—j. Hence, we evaluate the forecasting power of the yield
spread decomposition to predict the deviation of inflation £ periods ahead from the forecast
based on the RW-AO model at time ¢, 7;_3;:

(n) (1)

ek — Togs = a+ BPC(Spre™ 43 4 BTN by (my — 7map1) + 0y + e (14)

where m;1; is the level of inflation between quarter ¢t + k — 1 and t + k, expressed in
annual terms. The control variables are the deviation of current inflation from the average
of quarterly inflation over the periods t — 4 and ¢ — 1, 7 — Ty—44—1, and the short-term
interest rate, y§l). We predict inflation 1, 4 and 8 quarters ahead (k) using 4-, 20- and
40-quarter (n) yield spreads. The model versions are similar to those in Tables 5 and 6.

Table 7 shows that yield spreads alone (model 1) are statistically significant only for a
horizon of 8 quarters with minor predictive ability. Using decomposed spreads (model 2),
we observe a significant increase in the adjusted R? for all forecasting horizons and spread
maturities. We also reject the null of 377 = 0, showing the significance of the spread
decomposition. If we allow for control variables instead of decomposing the spread (model
3 versus model 1), we also observe a significant increase in the adjusted R2. However,
a comparison between models 1 and 2 and models 1 and 3 shows that for horizons of
one year and above the spread decomposition has a larger effect than the inclusion of
control variables. Moreover, the results for model 4 show that even allowing for control
variables the spread decomposition is still statistically significant for forecasting horizons
of one year and above, and the increase in the adjusted R? is higher for longer forecasting
horizons. Comparing the coefficients for the yield spread (8) and its components (3F¢
and TP ) in models 3 and 4, respectively, we observe that while in model 3 some of the
coefficients on the spread are negative, once you allow for the spread decomposition, all
coefficients on the expectations component have a positive sign. We conclude that the yield
spread decomposition is crucial for forecasting inflation and becomes more important as

the forecasting horizons increases.
Insert Table 7

Finally, we assess whether the observed forecasting power of the decomposed yield spread

is robust to the inclusion of a subjective forecast as an extra control variable:

Tirh— T3¢ = a+0Surk + BEC(Sprf’(") + X§”)) + ,BTPx,(fn) +y (T —T—14-a) + 6y§1) + etk

(15)
where Surf denotes the Greenbook forecast of inflation k quarters ahead. Table 8 shows
the results for a regression with yield spreads (i.e. 87 = 0, model 1) and decomposed

yield spreads (model 2). We adopt a 4-quarter forecasting horizon (k) and use yield spreads
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of 4, 20, and 40 quarters (n). The first column for each maturity in models 1 and 2 are
equivalent to models 3 and 4 of Table 7, respectively. The results are not identical due to
the difference in the sample period.

The results from Table 8 are mixed. The estimates from model 1 show that although
the inclusion of the Greenbook forecast leads to a slight increase in the adjusted R? for
all spread matutities, this variable is never statistically significant. This is not surprising

since we are trying to forecast inflation above what is predicted by the RW-AO model,

which according to [Atkeson and Ohanian| (2001]) is able to forecast inflation remarkably

well. Nevertheless, once we control for the Greenbook forecast (second column for each
maturity), the yield spread decomposition (model 2) still leads to an increase in the ad-
justed R2 for spreads of 20- and 40-quarters relative to the model without the spread
decomposition (model 1). Although only for the 20-quarter spread the coefficient on g7
is statistically significant. Therefore, the yield spread decomposition seems to add some

explanatory power even after the inclusion of the Greenbook forecast.

Insert Table 8

Our second set of regressions is based on the work of [Estrella and Mishkin| (1997) and
(1990) who show that an increase in the yield spread is an indication of positive

changes in future inflation. Forecasting inflation at longer horizons is crucial for policy-

makers since it is known that monetary policy action has an effect on inflation with several

lags. We therefore run the following predictive regression:

) — 7 = a4+ BEC(Spry™ 4 ) 4 BTN faml p sy be (16)

(k) _ (4)

where 7w,/ — ;" is the difference between the future k-quarter inflation rate from time ¢ to
t+k and the future 4-quarter inflation rate from ¢ to t+4, all in annual terms. The control
variables are the past inflation between ¢ — 4 quarters and ¢ (7r§74)), and the short-term
interest rate. We consider forecasting horizons of 8, 12, 16 and 20 quarters. The results
are presented in Table 9 and the model versions are similar to those in Tables 5, 6, and 7.
The results for model 1 show that yield spreads significantly predict inflation changes. The
use of decomposed spreads (model 2) leads to a higher increase in the R?’s for horizons
of 2 and 3 years, but the inclusion of control variables (model 3) has a higher impact
for longer horizons (4 and 5 years). Finally, even with the inclusion of control variables,
the use of decomposed spreads (model 4) leads to an increase in the adjusted R?, with
spread components statistically significant in almost all cases. Interestingly, in both cases
BEC

where we use decomposed spreads (models 2 and 4), we cannot reject that =1, a

hypothesis implied by the EH assuming a constant real interest rate over time (see also

(1990)). Our results, therefore, show that any interpretation of the yield spread
variations in terms of long-run inflation expectation can be biased by the presence of
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time-varying risk premiums.
Insert Table 9

One reason for the difference in the relevance of the spread decomposition in the regressions
for economic activity and inflation is the fact that for the latter the coefficients 3F¢ and
BTF have consistently opposite signs and are in most cases statistically significant. This
leads to significant differences in the informational content of the expectations (5F¢)
and term premium (BEC + gTP ) components with respect to future inflation, with the
expectations component that has a positive association with future inflation (in line with
the Fisher parity). These differences can obviously not be captured by the spread itself.

Finally, we analyze the time evolution robustness of the predictive content of the yield
spread and its components for inflation changes (Eq. ) Each plot in Figure 6 shows the
adjusted R? over time for a certain predictive horizon and the corresponding yield spread.
As in Figure 5, the EFM model is reestimated at every quarter using an expanding window
starting in 1960:Q1. The dates in the figure show the end of the sample period used. The
results show a slight decrease over time in the predictive power of the yield spread and its
components. Nevertheless, we observe a striking improvement in the adjusted R? simply
by decomposing the spread in its two components. This is especially the case for a 8-
quarter horizon. For a 20-quarter horizon, once you allow for control variables the gain

from spread decomposition is marginal.

Insert Figure 6

4 Conclusion

We use the EMF model of[Dewachter and lanial (2011]) to study the risk and term premiums
in the U.S. bond market. This model extends standard MF models by including next to

the standard macroeconomic factors a set of financial factors. The latter include liquidity
and risk premium factors, which allow the model to capture in a better way the additional
non-macroeconomic drivers of the yield curve.

The estimation results indicate that risk premiums in the U.S. market display significant
time variation and strong collinearity across the maturity spectrum. The former is a
clear indication that the expectation hypothesis fails. More importantly, a variance de-
composition singles out the financial factors, especially risk premium shocks, as the main
drivers behind bond risk premiums. This is in line with the recent literature indicating
that macroeconomic factors cannot account for the time variation in risk premiums. The
significant collinearity of risk premiums suggests that only a few factors drive the entire

term structure of risk premiums. We find that one factor, closely related to the CP factor

(Cochrane and Piazzesi| (2005))), is responsible for most of the variation in risk premiums.

We use the EMF model to decompose the yield spread into an expectations and a term

premium component. This decomposition is used to forecast economic activity and infla-
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tion. Although the decomposition does not seem important to forecast economic activity,
it is crucial to forecast inflation for most forecasting horizons. Also, in general, the inclu-
sion of control variables such as the short-term interest rate and lagged variables does not

drive out the predictive power of the spread decomposition.
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Table 1: SUMMARY STATISTICS

Macro Yields Surveys Spreads

A m iy oy u® w1l w7 teds liby ey ony
w(x100) 32 36 -03 60 55 59 61 63 64 65 69 39 38 1.0 07 0.2 -03
o (x100) 06 24 23 33 28 28 28 27 26 26 24 20 15 11 05 02 03
kur 25 40 38 53 47 40 39 39 39 36 36 31 42 9.8 125 58 23.7
skw 02 12 -01 12 11 09 09 09 10 09 10 10 13 24 24 14 -41
oM 1.0 09 09 09 09 09 09 10 10 10 10 10 1.0 07 07 05 06
p 09 08 06 07 08 08 08 08 09 09 09 09 10 05 05 05 0.3

Note: Ayl " refers to the quarter-by-quarter growth rate of potential output expressed in annual terms,
7 to infation, 7; to the output gap, if° to the central bank policy rate. ygl), ...,y§40) to zero-coupon bond
yields with maturities of 1 to 40 quarters, 7r2l 4 and 7721 % o the survey data on the average 4- and 40-quarter
inflation forecasts, ted; to the TED spread, i.e. the difference between the LIBOR rate and the three-month
government bond yield, lib; to the LIBOR spread, i.e. lib; = il%°" — i ¢y, to the convenience yield, and cr;
to the credit-risk component. p denotes the mean, or the sample arithmetic average in percentage p.a., o the
standard deviation, kur the kurtosis, skw the skewness, and p*) and p* the autocorrelation at lag 1 and 4,

respectively.

Table 2: EXCESS RETURNS: IN-SAMPLE AND OUT-OF-SAMPLE ANALYSIS

Panel A: In-sample statistics Panel B: Out-of-sample statistics

Holding period 4 qtr 8 qgtr Holding period 4 qtr 8 qtr
maturity (n) 20 qtr 20 gtr maturity (n) 20 gtr 20 qtr
CP (Adj. R?) 30.50% 20.53% EMF (RMSE) 5.08% 5.70%

EMF (Adj. R?) 31.53% 39.44% CP (RMSE)/EMF (RMSE) 1.03 1.03
RW (RMSE)/EMF (RMSE) 0.99  1.05

Note: CP stands for the regression based on the Cochrane and Piazzesi (2005), RMSE refers
to the root mean squared error while RW stands for the random walk model. For the EMF and
the CP models, the forecasts are obtained (i) by estimating the models over the period 1960:Q1-
1995:Q4 and (i4) by producing the model-implied forecasts of the excess returns for the period
1996:Q1-2008:Q4. Every quarter the information is updated and the models are reestimated.

Table 3: UNBIASEDNESS OF EXPECTED EXCESS RETURNS

Holding period 4 qtr 8 qtr
maturity (n) 20 qtr 20 qtr

a 0.000 0.000

(0.006) (0.004)

£ 0.969 1.003

(0.172) (0.284)

p-value (a =0,5=1) 0984 0.394

Note: The Newey-West standard errors of the coefficients are in
parentheses. The sample period goes from 1960:Q1 to 2008:QA4.
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Panel A:

Table 4: VARIANCE DECOMPOSITION

Bond risk premium

8-qtr bond (4-qtr holding period)

Horizon Sup. sh. Dem. sh. Pol. rate sh. Liq. sh. Risk pr. sh. LR inf. sh. Eq. real rate sh.
4 qtr  2.6% 1.1% 5.0% 12.3% 78.8% 0.2% 0.0%
40 qtr  2.5% 1.4% 17.2% 19.1% 59.6% 0.3% 0.0%
20-qtr bond (4-qtr holding period)
Horizon Sup. sh. Dem. sh. Pol. rate sh. Liq. sh. Risk pr. sh. LR inf. sh. Eq. real rate sh.
4 qtr  2.4% 1.0% 4.5% 13.1% 78.8% 0.1% 0.0%
40 qtr  2.4% 1.3% 16.5% 19.3% 60.3% 0.3% 0.0%
Panel B: Expectations component
Expected average short-term rate over 4 quarters
Horizon Sup. sh. Dem. sh. Pol. rate sh. Liq. sh. Risk pr. sh. LR inf. sh. Eq. real rate sh.
4 qtr  3.5% 2.7% 79.8% 12.8% 0.0% 1.0% 0.2%
40 qtr  2.5% 3.5% 44.5% 15.8% 0.0% 30.6% 3.1%
Expected average short-term rate over 40 quarters
Horizon Sup. sh. Dem. sh. Pol. rate sh. Liq. sh. Risk pr. sh. LR inf. sh. Eq. real rate sh.
4 qtr  1.7% 3.0% 18.6% 17.2% 0.0% 53.9% 5.6%
40 qtr  0.3% 0.6% 2.6% 4.5% 0.0% 83.8% 8.2%
Panel C: Term premium component
4-qtr term premium
Horizon Sup. sh. Dem. sh. Pol. rate sh. Liq. sh. Risk pr. sh. LR inf. sh. Eq. real rate sh.
4 qtr  1.8% 0.5% 2.5% 18.6% 76.6% 0.1% 0.0%
40 qtr  2.0% 1.0% 12.6% 21.2% 63.0% 0.2% 0.0%
40-qtr term premium
Horizon Sup. sh. Dem. sh. Pol. rate sh. Liq. sh. Risk pr. sh. LR inf. sh. Eq. real rate sh.
4 qtr  3.8% 0.9% 20.7% 8.8% 65.2% 0.6% 0.0%
40 qtr  4.1% 0.8% 23.4% 29.3% 41.4% 1.0% 0.0%

Note: This table reports the forecasting error variance decomposition (computed at the mode of the
posterior distribution of the parameters) of the 4-quarter risk premiums of 8- and 20-quarter maturity
bonds (Panel A), of the average expected 1-quarter interest rate over 4 quarters and 40 quarters (Panel
B), and of the 4-quarter and 40-quarter term premium (Panel C). Sup. sh.: supply shocks; Dem. sh.:
demand shocks; Pol. rate sh.: policy rate shocks; Liq. sh.: flight-to-quality and credit-crunch shocks; LR,
inf. sh.: long-run inflation shocks; and Eq. real rate sh.: equilibrium real rate shocks.
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Table 5: FORECASTING GDP GrowTH

)

Model 1 Gtttk = Q.+ BSPEE” + Etqk
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 gtr 40 qtr
« 0.026 0.023 0.023 0.025 0.023 0.023 0.026  0.024 0.025
(0.004) (0.004) (0.004)  (0.004) (0.004) (0.004)  (0.003) (0.003) (0.004)
15} 1.362 0.838 0.593 1.462 0.840 0.583 1.090 0.675 0.455
(0.469) (0.224) (0.199) (0.407) (0.214) (0.180) (0.345) (0.148) (0.126)
Adj.-R? 0.044 0.098 0.076 0.078 0.147  0.110 0.072 0.160 0.113
Model 2 Gtk = a4+ BEC(Spry ™ 4 x4 BTN e,
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 qtr 40 qtr
« 0.025 0.025 0.024 0.025 0.024 0.024 0.027 0.025 0.024
(0.004) (0.004) (0.004)  (0.004) (0.004) (0.004) (0.003) (0.003) (0.004)
pEC 2544  1.043  0.782 2.027 0.925 0.700 1.129  0.633  0.489
(0.677) (0.243) (0.205)  (0.654) (0.220) (0.184)  (0.597) (0.155) (0.127)
pTr -1.198 -0.419 -0.323 -0.705 -0.245 -0.166 -0.083 -0.010 0.042
(0.733) (0.255) (0.247)  (0.663) (0.234) (0.228)  (0.500) (0.176) (0.172)
Adj.-R? 0.097 0.132 0.118 0.108  0.159  0.143 0.093 0.153 0.142
Model 3 Gtk = @+ BSpri+ yge + 6y + e,
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 gtr 40 gtr 4 gtr 20 gtr 40 qgtr
« 0.027 0.023 0.023 0.029 0.025 0.025 0.031 0.026  0.026
(0.009) (0.010) (0.010)  (0.009) (0.010) (0.011)  (0.007) (0.008) (0.010)
15} 1.158 0.601  0.389 1.290 0.670 0.434 0.992 0.622 0.410
(0.417) (0.219) (0.193)  (0.393) (0.240) (0.205)  (0.343) (0.206) (0.187)
vy 0.269 0.252 0.260 0.169 0.150 0.159 0.047 0.029 0.038
(0.084) (0.083) (0.084)  (0.069) (0.068) (0.070)  (0.051) (0.050) (0.052)
) -0.165 -0.101 -0.095 -0.159 -0.088 -0.081 -0.107 -0.036 -0.028
(0.103) (0.113) (0.122)  (0.100) (0.115) (0.128)  (0.085) (0.097) (0.112)
Adj.—R2 0.184 0.194 0.175 0.182 0.199 0.165 0.103 0.157 0.111
Model 4 gtk = o+ BEO(Spri™ 4 x(") + BTN+ vge + by + e
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 gqtr 40 qtr
« 0.033 0.020 0.018 0.040 0.029 0.026 0.043 0.035 0.032
(0.009) (0.010) (0.010)  (0.010) (0.012) (0.012)  (0.009) (0.012) (0.013)
,BEC 0.671 0.761 0.615 0.023 0.501 0.412 -0.439 0.238  0.217
(0.898) (0.324) (0.273)  (0.973) (0.386) (0.319) (0.971) (0.422) (0.353)
pTr 0.536 -0.202 -0.195 1.258 0.136  0.107 1.531 0.371 0.321
(0.866) (0.311) (0.280)  (0.901) (0.359) (0.321) (0.822) (0.370) (0.336)
ol 0.248 0.236  0.241 0.156  0.149  0.152 0.043 0.040 0.040
(0.082) (0.087) (0.087)  (0.064) (0.070) (0.071)  (0.041) (0.046) (0.048)
) -0.262 -0.039 -0.005 -0.344 -0.159 -0.124 -0.316 -0.197 -0.162
(0.130) (0.140) (0.144)  (0.138) (0.170) (0.176)  (0.114) (0.175) (0.186)
Adj.—R2 0.201  0.197 0.188 0.221  0.199 0.183 0.193 0.172  0.153

Note: The standard errors of the coefficients are in parentheses. We estimate the model over the period

1960:Q1-2008:Q4.
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Table 6: FORECASTING OUTPUT GAP

)

Model 1 Ytk :a+ﬂSprt(n + etk
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 gtr 40 qtr
« -0.002 0.002  0.002 -0.007 -0.006 -0.006 -0.011  -0.012 -0.012
(0.003) (0.005) (0.005)  (0.004) (0.005) (0.006) (0.006) (0.006) (0.006)
15} -0.309 -0.543 -0.394 0.673 0.111  0.078 1.256  0.650  0.467
(0.546) (0.271) (0.197)  (0.587) (0.264) (0.218)  (0.650) (0.278) (0.227)
Adj.-R? -0.001 0.063 0.052 0.011 -0.003 -0.003 0.045 0.070  0.056
Model 2 Gork = a+ BEO(Spry™ 4 () + BT 4 e
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 qtr 40 qtr
« -0.002 0.004 0.006 -0.007 -0.003 -0.001 -0.010 -0.010 -0.010
(0.003) (0.004) (0.004)  (0.004) (0.004) (0.005) (0.005) (0.005) (0.006)
pgEC 2215 0.064 -0.035  3.020 0.650 0.432 2.814  0.952  0.708
(0.555) (0.198) (0.173)  (0.572) (0.220) (0.185)  (0.776) (0.221) (0.182)
pTr -2.589 -0.852 -0.799 -2.546 -0.852 -0.754 -1.766  -0.559 -0.440
(0.633) (0.253) (0.256)  (0.578) (0.244) (0.248)  (0.519) (0.177) (0.174)
Adj.-R? 0.251 0.252 0.242 0.222 0.185 0.162 0.137 0.143 0.126
Model 3 Gk = o+ BSpry )+ g + 0y + evin
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 gtr 40 gtr 4 gtr 20 gtr 40 qgtr
« 0.002 -0.000 -0.000 0.006  0.002  0.003 0.007  0.001  0.004
(0.002) (0.002) (0.003)  (0.007) (0.009) (0.010)  (0.009) (0.012) (0.014)
15} 0.227  0.180 0.133 0.859  0.465  0.265 1.095 0.606 0.324
(0.123) (0.056) (0.052) (0.352) (0.241) (0.187)  (0.485) (0.350) (0.308)
vy 0.934 0.967 0.964 0.578 0.656 0.624 0.122  0.225 0.178
(0.032) (0.032) (0.033) (0.092) (0.105) (0.099)  (0.130) (0.156) (0.154)
) -0.064 -0.036 -0.031 -0.220 -0.156 -0.166 -0.297 -0.213 -0.232
(0.031) (0.032) (0.035) (0.094) (0.111) (0.120) (0.095) (0.134) (0.155)
Adj.-R? 0.871 0.874 0.872 0.401 0.402 0.387 0.163 0.168 0.142
Model 4 Gk =+ BEC(Spry™ 4 x() + BTPX + i + oy + evpn
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 gqtr 40 qtr
« -0.000 -0.005 -0.005 0.006 -0.003 -0.003 0.010 0.002 0.002
(0.003) (0.003) (0.003) (0.009) (0.011) (0.011) (0.014) (0.018) (0.019)
,BEC 0.658 0.374 0.301 1.060 0.668 0.494 0.878 0.567  0.397
(0.267) (0.084) (0.075) (0.803) (0.317) (0.269) (1.517) (0.598) (0.507)
pTr -0.342  -0.229 -0.190 -0.092 -0.256 -0.183 0.386  0.040 0.113
(0.288) (0.081) (0.074)  (0.709) (0.224) (0.201)  (1.223) (0.467) (0.408)
o 0.918 0.943 0.955 0.584 0.623 0.631 0.163 0.220 0.223
(0.037) (0.033) (0.033)  (0.094) (0.103) (0.106) (0.148) (0.145) (0.148)
) -0.031 0.045 0.052 -0.230 -0.072 -0.071 -0.366  -0.240 -0.245
(0.044) (0.041) (0.043) (0.131) (0.146) (0.154) (0.187) (0.258) (0.274)
Adj.—R2 0.877 0.880 0.878 0.420 0.413 0.402 0.191  0.175 0.163

Note: The standard errors of the coefficients are in parentheses. We estimate the model over the
period 1960:Q1-2008:Q4.
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Table 7: FORECASTING INFLATION

Model 1 Ttk — Ti—3,4 = O+ 5Spr§n) + Etak
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 gtr 40 qtr
« 0.000 0.001 0.001 -0.001  0.000 -0.000 -0.005 -0.005 -0.006
(0.002) (0.002) (0.002) (0.002) (0.003) (0.003) (0.003) (0.003)  (0.003)
15} 0.042 -0.086 -0.060 0.195 -0.021 0.015 1.285 0.514 0.420
(0.251) (0.096) (0.074)  (0.408) (0.157) (0.120) (0.544) (0.180) (0.137)
Adj.-R? -0.005  0.001 -0.000 -0.002 -0.005 -0.005 0.078  0.069 0.073
Model 2 Ttk — Tt—3¢ = @ + BEC(SPT?(H) + xﬁ")) + BTPXE”) + Ettk
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 qtr 40 qtr
« 0.001  0.002 0.003 0.001  0.003 0.004 -0.002 -0.001 0.000
(0.001) (0.001) (0.001)  (0.002) (0.002) (0.002) (0.002) (0.002)  (0.002)
BgEC 0535 0.038 0.022  1.514 0.289 0.207  3.286  0.951 0.708
(0.262) (0.089) (0.067) (0.385) (0.139) (0.106) (0.468) (0.138)  (0.107)
pTr -0.777 -0.272  -0.261 -1.701  -0.594 -0.547 -2.749  -0.941 -0.824
(0.191) (0.066) (0.064) (0.268) (0.089) (0.086) (0.312) (0.104)  (0.098)
Adj.-R? 0.089  0.089 0.084 0.204 0.193 0.180 0.369  0.366 0.339
Model 3 Ttk — Ti—34 = @ + 5SPT,,En) + (T — Tp—ap—1) + 5y§1) + etk
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 gtr 40 gtr 4 gtr 20 qgtr 40 qtr
« 0.003 0.005 0.006 0.008 0.011 0.013 0.014 0.016 0.017
(0.002) (0.002) (0.002) (0.003) (0.003) (0.003) (0.003) (0.004)  (0.004)
15} 0.043 -0.096 -0.107 0.127 -0.126 -0.140 1.044  0.226 0.091
(0.193) (0.075) (0.061) (0.316) (0.117) (0.087) (0.382) (0.130)  (0.105)
vy 0.350 0.328 0.322 0.458 0.427 0.419 0.212  0.233 0.207
(0.083) (0.084) (0.083) (0.171) (0.168) (0.168) (0.169) (0.167)  (0.166)
) -0.053 -0.070 -0.082 -0.155 -0.179 -0.195 -0.334 -0.320 -0.334
(0.028) (0.029) (0.030)  (0.050) (0.048) (0.049)  (0.048) (0.055)  (0.059)
Adj.-R? 0.136  0.142  0.147 0.185 0.190 0.194 0.305  0.262 0.253
Model 4 7 — T3¢ =+ 5EC(SPT?(H) + Xz(tn)) + 5TPX§n) + (T — Tp—ap—1) + 5%51) + etpk
horizon (k) 1 qtr 4 qtr 8 qtr
maturity (n) 4 qtr 20 gqtr 40 qtr 4 qtr 20 qtr 40 qtr 4 qtr 20 qtr 40 qtr
« 0.001  0.001 0.002 0.000 -0.001 0.002 0.002 -0.004 -0.001
(0.003) (0.003) (0.003)  (0.004) (0.005) (0.005) (0.005) (0.006)  (0.007)
,BEC 0.340 0.057 0.018 1.312 0.378 0.237 2.928 1.053 0.741
(0.368) (0.120) (0.098)  (0.607) (0.184) (0.150) (0.851) (0.260)  (0.206)
pTF  -0.536 -0.209 -0.172 -1.453 -0.586 -0.476 -2.379 -1.019 -0.829
(0.361) (0.130) (0.123) (0.597) (0.196) (0.186) (0.760) (0.268)  (0.246)
o 0.285 0.294  0.299 0.291 0.346 0.362 -0.060  0.080 0.105
(0.102) (0.095) (0.094) (0.204) (0.187) (0.185) (0.226) (0.193)  (0.190)
) 0.008 0.007 -0.008 0.007  0.046 0.013 -0.088  0.055 0.020
(0.054) (0.057) (0.060) (0.094) (0.092) (0.096) (0.105) (0.124)  (0.130)
Adj.—R2 0.152 0.158 0.155 0.233 0.241  0.230 0.370 0.363 0.335

Note: The standard errors of the coefficients are in parentheses. We estimate the model over the

period 1960:Q1-2008:Q4.
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Table 8: FORECASTING INFLATION: THE IMPACT OF GREENBOOK FORECASTS

Model 1 Tk — T3t = @+ 0Surf + BSpr,E") +y(mp — Tp—ap—1) + 5y§1) + Epak
horizon (k) 4 qtr
maturity (n) 4 qtr 20 qtr 40 qtr
« 0.009  0.008 0.010 0.010 0.010  0.009
(0.003) (0.003) (0.004) (0.004) (0.005) (0.005)
0 0.137 0.138 0.137
(0.082) (0.081) (0.081)
8 0.022 0.013 -0.045 -0.048 -0.029 -0.030
(0.230) (0.228) (0.117) (0.116) (0.105) (0.105)
o 0.573  0.575 0.562  0.564 0.565  0.567
(0.135) (0.134) (0.138) (0.137) (0.138) (0.137)
) -0.189 -0.263 -0.199 -0.274 -0.199 -0.274
(0.038) (0.058) (0.045) (0.063) (0.051) (0.067)
Adj-R? 0.269  0.279 0.270  0.280 0.269  0.280
Model 2 Tk — Ti—3.¢ = o+ OSurf + ﬁEC(Sprf’(n) + X,En)) + ﬁTPXgn) +y(my — T—ap—1) + 5y§1) + Etrk
horizon (k) 4 qtr
maturity (n) 4 qtr 20 qtr 40 qtr
« 0.007  0.009 0.001 -0.001 0.002  0.000
(0.004) (0.005) (0.005) (0.006) (0.005) (0.007)
0 0.137 -0.082 -0.071
(0.122) (0.136) (0.146)
BEC 0.288 -0.204 0.301  0.408 0.222  0.303
(0.473) (0.645) (0.177) (0.252) (0.149) (0.224)
gre -0.485  0.054 -0.409 -0.541 -0.342  -0.450
(0.439) (0.651) (0.163) (0.274) (0.147)  (0.266)
vy 0.510  0.577 0.506  0.486 0.521  0.507
(0.144) (0.156) (0.136) (0.140) (0.136) (0.140)
1) -0.132  -0.270 -0.036  0.060 -0.048  0.037
(0.064) (0.139) (0.078) (0.177) (0.081) (0.195)
Adj-R? 0.276  0.277 0.301  0.297 0.296  0.291

Note: The standard errors of the coefficients are in parentheses. We estimate the model over the period
1974:Q2-2005:Q4.
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Table 9: FORECASTING FORWARD INFLATION CHANGES

Model 1 7r§k) — 7r,§4) =a+ BSprgk) + Erk
k 8 qtr 12 gtr 16 qtr 20 qtr
o} -0.001 -0.002 -0.003 -0.003
(0.001) (0.002) (0.002) (0.003)
B 0.419 0.655 0.622 0.516
(0.203) (0.208) (0.215) (0.236)
Adj.-R? 0.063 0.161 0. 155 O 113
Model 2 1 —xf = a + B5°(Spry™® + xP) + TP + e
k 8 qtr 12 gtr 16 qgtr 20 qtr
« -0.001 -0.001 -0.002 -0.001
(0.001) (0.001) (0.002) (0.003)
pEC 1.045 1.022 0.895 0.727
(0.239) (0.228) (0.229) (0.249)
pre -0.718 -0.693 -0.621 -0.572
(0.157) (0.144) (0.132) (0.144)
Adj.-R? 0.302 0.343 0.298 0.233
Model 3 ﬂ,fk) (4) =a+f Sprt R ’}/7Tt 4 5yt + ek
k 8 qtr 12 qtr 16 qtr 20 qgtr
o} 0.004 0.007 0.010 0.015
(0.002) (0.003) (0.003) (0.004)
6] 0.253 0.353 0.246 0.054
(0.167) (0.183) (0.183) (0.179)
Y -0.012 -0.044 -0.102 -0.170
(0.056) (0.076) (0.084) (0.087)
o -0.075 -0.116 -0.135 -0.153
(0.027) (0.039) (0.047) (0.053)
Adj.-R? 0.193 0.300 0. 325 0.347
Model 4 " — (= a + 8P (Spry'™ + x{7) + BT AP+ 4l + oy + e
k 8 qtr 12 qgtr 16 qgtr 20 qtr
o} -0.005 -0.005 -0.001 0.006
(0.002) (0.003) (0.005) (0.007)
pEC 1.707 1.450 1.071 0.603
(0.371) (0.289) (0.307) (0.329)
BTP -1.713 -1.516 -1.233 -0.904
(0.384) (0.311) (0.363) (0.412)
vy -0.137 -0.225 -0.280 -0.318
(0.051) (0.062) (0.078) (0.090)
o 0.172 0.232 0.212 0.128
(0.057) (0.077) (0.115) (0.148)
Adj.-R? 0.388 0.440 0.412 0.394
Note: The standard errors of the coefficients are in parentheses. We estimate the

model over the period 1960:Q1—2008:Q4.24



Figure 1: EXCESS RETURN: EXPECTED VS. REALIZED
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Note: This figure compares the EMF model-implied expected excess return (risk premium, contin-
uous line) with the realized excess return (dashed line). The holding period is 4 quarters for bonds
with maturities of 8, 12, 16 and 20 quarters.

Figure 2: RETURN-FORECASTING FACTOR: CP vs. EMF FACTOR
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Note: This figure compares the Cochrane and Piazzesi (2005) factor (CP) with the EMF risk
premium factor. Since the original CP factor is computed using monthly data and we work with
quarterly frequencies, we compute the CP factor on a monthly basis and for each quarter we take
the average of the monthly series. The correlation between our factor and the CP factor is 0.67.
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Figure 3: TEN-YEAR YIELD: FITTED VALUE, EXPECTATIONS COMPONENT AND
TERM PREMIUM COMPONENT
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Note: The top panel of this figure plots the 40-quarter fitted yield. The middle panel depicts the
EMF model-implied expected average 1-quarter yield over a period of 40 quarters. The bottom panel
compares the EMF model-implied term premim for the 40-quarter bond (continuous line) with the
term premium of Kim and Wright (2005) (dashed line).

Figure 4: TEN-YEAR SPREAD: FITTED VALUE, EXPECTATIONS COMPONENT AND
TERM PREMIUM COMPONENT
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Note: The top panel of this figure plots the fitted spread of the 40-quarter yield less the 1-quarter
yield. The middle panel depicts the EMF model-implied expected average 1-quarter yield over a
period of 40 quarters minus the 1-quarter yield. The bottom panel compares the EMF model-implied
term premium for the 40-quarter bond (continuous line) with the term premium of Kim and Wright
(2005) (dashed line).
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Figure 5: FORECASTING GDP GROWTH, EXPANDING WINDOW (R-SQUARED)
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Note: Each plot of this figure shows the adjusted R? over time for a certain predictive horizon
using a certain yield spread. The rows of panels define the predictive horizon (1, 4, and 8 quarters)
and the columns of panels the maturity of the yield spread used in the regression (4, 20, and 40
quarters). The date on the horizontal axis determines the end date of the sample period. The first
point in each graph indicates the adjusted R? for the period 1960:Q1-1995:Q4. The EFM model is
reestimated at every quarter using an expanding window.

Figure 6: FORECASTING INFLATION CHANGES, EXPANDING WINDOW (R-
SQUARED)
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Note: Each plot of this figure shows the adjusted R? over time for a certain predictive horizon
and the corresponding yield spread (8, 12, 16 and 20 quarters). The date on the horizontal axis
determines the end date of the sample period. The first point in each graph indicates the adjusted
R? for the period 1960:Q1-1995:Q4. The EFM model is reestimated at every quarter using an
expanding window.
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