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Abstract

Macedo Cardoso, Fernando Luiz; Viana de Carvalho, Carlos (Ad-
visor); Monteiro Ribeiro, Ruy (Co-Advisor). The Expectations
Hypothesis Holds. At Times.. Rio de Janeiro, 2020. 62p. Dis-
sertacao de Mestrado — Departamento de Economia, Pontificia Uni-
versidade Catolica do Rio de Janeiro.

The yield curve literature typically decomposes long-term interest rates
into expected future short-term rates and a risk premium. We show that
the relative importance of the expectational component vis-a-vis the risk
premium component can be time-varying and state-dependent. Further, the
likelihood of an “Expectations Hypothesis (EH) State" has a clear relation
to the business cycle. Moreover, our results indicate that incorporating the
probability of these EH states boosts the predictive power of the benchmark
yield curve measure, the term spread, both for future excess bond returns

and economic activity.

Keywords
Expectations Hypothesis;  Term Structure of Interest Rates;  Yield

Curve; Bonds Yields; Term Premium.
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Resumo

Macedo Cardoso, Fernando Luiz; Viana de Carvalho, Carlos; Mon-
teiro Ribeiro, Ruy. A Teoria das Expectativas Vale. Ocasi-
onalmente.. Rio de Janeiro, 2020. 62p. Dissertacao de Mestrado
— Departamento de Economia, Pontificia Universidade Catolica do
Rio de Janeiro.

Tipicamente, a literatura de curva de juros assume que taxas de juros
para horizontes longos sao compostas por expectativas de taxas de juros
curtas que devem vigorar nesse horizonte longo e/ou um prémio de risco.
O objetivo deste trabalho é mostrar evidéncia de que o peso relativo de um
componente expectacional vis-a-vis um componente de prémio de risco pode
depender do tempo e do estado da economia. Ademais, a probabilidade de
um “Regime da Teoria das Expectativas” mostra-se relacionado ao ciclo de
negocios. Ainda, os resultados indicam que ao se incorporar a probabilidade
destes regimes, é possivel intensficar o poder preditivo do diferencial entre os
juros longos e o curto tanto para excesso de retornos quanto para atividade

econdmica.

Palavras-chave
Teoria das Expectativas; Estrutura a Termo da Taxa de Juros; Curva

de Juros; Taxas de Juros de Titulos; Prémio de Risco.
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Yet good, or even competent, economists are
the rarest of birds. An easy subject, at which
very few excel! The paradox finds its expla-
nation, perhaps, in that the master-economist
must possess a rare combination of gifts. He
must reach a high standard in several different
directions and must combine talents not often
found together. He must be mathematician,
historian, statesman, philosopher — in some
degree. He must understand symbols and speak
in words. He must contemplate the particular
in terms of the general, and touch abstract and
concrete in the same flight of thought. He must
study the present in the light of the past for the
purposes of the future. No part of man’s nature
or his institutions must lie entirely outside his
regard. He must be purposeful and disinter-
ested in a simultaneous mood; as aloof and in-
corruptible as an artist, yet sometimes as near
the earth as a politician.

John Maynard Keynes, Alfred Marshall, 1842-1924 in The Economic
Journal, Vol. 34, No. 135.
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1
Introduction

The yield curve portraits market interest rates payed at any given
moment by bonds with different maturities. A number of different measures of
the yield curve have proven valuable in economic tracking and forecasting. The
term spread, the difference between long- and short-term rates, is frequently
used in indicators of economic and financial conditions and has become
ubiquitous in forecasting exercises. The literature typically assumes that
longer-maturity rates are comprised of expectations for the path of shorter-
maturity rates plus a risk premium for the long-term commitment. When
the yield curve moves upwards (downwards), this can be driven by higher
(lower) expectations of future short-term rates and/or a higher (lower) risk
premium. Explanations for its predictive power in the media usually center on
the expectational component of long-term rates. This, however, seems strange
in light of papers as Fama and Bliss (1987) which show evidence that all of
the variation in long-term rates comes from the term premium. Understanding
this composition is of paramount importance for investors and policy-makers.
Former Fed Chairman Bernanke (2006), for instance, dismissed a growing
attention to lower long rates relative to shorter rates citing, among other
things, that “to the extent that the flattening or inversion of the yield curve
is the result of a smaller term premium, the implications for future economic
activity are positive rather than negative”. In hindsight, this diagnostic was
proved wrong by the greatest recession to hit the United States since the Great
Depression. In fact, every recession since 1969 was preceded by an inverted
yield curve, with only one false positive in 1966 — although it was followed by
a period of slow growth.

In this paper we expand the analysis in (Campbell and Shiller, 1991,
henceforth CS), in which they test the Expectations Hypothesis (EH) using
simple linear regressions of future changes of longer rates on a maturity-
specific proportion of the term spread, and incorporate regime switching to
allow for an “Expectations Hypothesis state”, i.e. one in which the term
premium is constant (but not necessarily zero), in an effort to identify periods
in which the EH has greater support in the data. These are periods in which

all of the variation in yields comes from the expectational component. We
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then analyze the probabilities of this EH state and discuss their relation to
the business cycle, first by plotting the probabilities against US recessions
as determined by the NBER’s Business Cycle Dating Committee, then by
regressing against macroeconomic variables commonly used for business cycle
tracking and forecasting. Finally, we argue that the correct characterization
of our regimes implies that it should be useful as a conditioning variable in
forecasting models of future economic activity and bond excess returns based
on the term spread, and provide in- and out-of-sample results to confirm this.

We show how the model-implied probabilities of the EH state are very
high, or even one, for several periods. This seems to happen when all is well
and the economy is growing, and then come to an end right before a recession
starts. The estimates for the unrestricted regime are close to those in CS,
with volatility in the EH regime considerably smaller, and high persistence
for both regimes. We quantify this relation between the EH probabilities and
the business cycle in two ways. First we extend the model to allow time-
varying transition probabilities which are taken to be a function of the short
rate, and our results indicate that higher levels of interest rates, usually seen
when the Fed is actively trying to restrain economic activity, imply a lower
probability of remaining at or transitioning to the EH state. The second way
is to look at the relation between the probabilities, taken as observable, and
a vast number of variables typically used for monitoring economic activity
using logit regressions, which shows considerable differences on the number of
relevant relationships between groups: almost every variable in the employment
group, for example, is related to the probabilities of at least one maturity, while
not one of the 36 variables in the prices group seems relevant — an indication
that these probabilities capture a real, rather than nominal phenomenon. We
then compare benchmark models based on the term spread with extensions
which add an interaction between the term spread and the probabilities of the
EH state, which not only prove significant in-sample, but also significantly out-
perform the benchmark in out-of-sample exercises both for predicting future
economic activity and bond excess returns. The in-sample results also imply
that, when it is known that we are in an EH state, we should more than
double the weight given to the information in the term spread. Finally, we
compare the out-of-sample gains of forecasting excess returns from using the
EH probabilities versus a decomposition implied by an affine model, with mixed
results: the EH probabilities have an advantage for shorter maturities and the
affine model in the longer ones — however, these differences are statistically
insignificant. The appendix offers robustness checks using alternative data and

specifications.
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This apparent relation between the yield curve and economic activity has
received a lot of attention in the literature. Fama (1984) discusses forward rates
as predictors of premiums and future spot rates. Harvey (1988) was among
the first to point out how a lower (real) term spread could indicate decreasing
future consumption by exploring the first-order conditions of the representative
agent problem. Campbell et al. (2017) and Viceira (2012) discuss the empirical
relations between bond and stock returns. Estrella and Hardouvelis (1991)
document the predictive power of the term spread for economic activity, both
in predicting future GDP growth and fitting discrete choice models for the
probability of oncoming recessions. The term spread is also one of the most
important series in Stock and Watson (1989)’s leading economic index, who
go on to discuss in Stock and Watson (2003) its predictive power relative
to a number of asset prices and state that while “no single asset price is a
reliable predictor of output growth across countries over multiple decades],
t]he term spread perhaps comes closest to achieving this goal”. They discuss
that its predictive power has been unstable, as do Estrella et al. (2003),
Rossi and Sekhposyan (2010) and Hénnikéinen (2017), depending on the time
period, monetary policy regime and the phase of the business cycle. Ang et al.
(2006) address the predictive content of the yield curve for GDP growth and
make the case that the short rate, and not the term spread, offers the best
predictions. Further, they argue that the predictive power of the term spread
comes exclusively from the expectational component, and subtracting the risk
premium from yields could improve forecasting. In spite of all the evidence,
however, Rudebusch and Williams (2009) show that professional forecasters
underweight the relevance of the yield curve and underperform simple models
based on the term spread.

Our work naturally relates to the part of the literature that tests the
Expectations Hypothesis of the term structure of interest rates. In its weaker
form, the EH posits that the risk premium in longer-term rates must be
constant through time. On one side of this debate we have contributions
by Mankiw and Miron (1986), who discuss how the evidence against the EH
becomes stronger after the founding of the Federal Reserve System in 1915;
Fama and Bliss (1987) regress excess returns on a forward spread and find that
all of the variation in yields comes from the risk premium component; Campbell
and Shiller (1991) also find counterintuitive coefficients in regressions of future
changes in the short rates on a linear transformation of the term spread; while
Pflueger and Viceira (2011) again reject the EH looking at inflation-linked
bonds in the US and UK. On the other side, Froot (1989) argues that the

rejection of EH tests on longer maturity bonds should instead be attributed to a
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failure of the rational expectations hypothesis; Gerlach and Smets (1997) study
Euro-rates for 17 countries and find little evidence against the EH; meanwhile
Bekaert and Hodrick (2001) argue that, when small-sample properties are
taken into account, the evidence against the EH is “much less strong than
under asymptotic inference”.

We also touch the part of literature that looks at understanding the
information in the yield curve. Litterman and Scheinkman (1991) started the
practice of condensing the information of a cross-section of yields on three
components, typically understood as the level, slope and curvature. Cochrane
and Piazzesi (2005), in the spirit of Fama and Bliss (1987), construct a tent-
shaped return-forecasting factor widely used in this literature. They go on in
Cochrane and Piazzesi (2009) to decompose the yield curve into expectations
and risk premia components using an affine-class model, as do Cieslak and
Povala (2010) who discuss a decomposition relating to inflation expectations
and interest-rate cycles. Crump et al. (2018) perform a decomposition based
on professional forecasts and obtain the risk premium as the residual.

Finally, our specification is based on the regime switching literature that
goes back to Hamilton (1989) and has examples in Ang and Bekaert (1998),
in which the authors model the short rate and term spread dynamics and
discuss the regime classifications and relation to the business cycle; Bansal
and Zhou (2002) and Bansal et al. (2004), who in the context of affine-models,
show that incorporating regime shifts in the dynamics of market prices of risk
allows the model to fit the data better than the alternatives. Singleton (2006)
offers a good overview. Lastly, we must cite Cao et al. (2014), who also use
regime switching models based on a specification of CS and discuss the regimes’
relation to the business cycle. Complementary to, but unlike this paper, they
restrict themselves in classifying the regimes according to volatility, and do

not go into the matter of the predictive power of the term spread.
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Model

The strong form of the expectations hypothesis states that interest

), must be given by the

rates payed on an m-period zero-coupon bond, yﬁ’"‘
weighted average of expected future rates on an m-period bond with the same
characteristics, for n > m. By allowing for risk aversion, the weaker form
includes a premium to compensate for the long-term commitment as opposed
to rolling the short-term contract each period, i.e.
( 1 k=1
4 = E, [k > yﬁfg%] [-+term premium|, k =mn/m (2-1)
i=0
where [E; denotes the expectation conditional on information available at time
t. The crucial assumption is that the term premium may vary for different m
and n, but must be constant through time. Our focus here is on the weaker
form.
Campbell and Shiller (1991) test this by regressing changes in the short
rate against a linear transformation of the term spread:

n—m n n n m n m n
v =y =" + 1 )7n_m(y§)—yf ) +etim (2-2)

Under the EH, the coefficient ’y%n) should equal 1.! Table 2.1 reports estimates
for regression (2-2) for maturities n = 2, .., 7 years and m = 1 year (as for the
rest of this paper) using (Girkaynak et al., 2007, GSW) data at a quarterly
frequency from 1961Q2 through 2019Q3. (Hansen and Hodrick, 1980, HH)
standard errors are reported in parenthesis. As the original, the updated results
not only reject the EH for every maturity, but indicate that the term spread
in fact gives the wrong direction of future changes in the short rate.

A look at Figure 2.1 instigates a question as to the stability of the ”y%n)
coefficients through time. Figure 2.1a plots the rolling estimate for maturity

n = 2 years using a 3-year overlapping window of weekly data, such that the
1To see this, consider m = 1 and n = 2. By imposing %2) = 1, rearranging and taking

time-t expectations we have that y§2) = %Et [yt(}r)l —l—yt(l)} — %’y((f) , with the intercept

proportional to the negative of the term premium. The term premia for n > 2 are given
recursively by TP = — (nfl)’y((,") + @TP(”*U.

n
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Campbell-Shiller Regression

Maturity (yrs)
2 3 4 5} 6 7

~™ 008 -0.00 0.05 0.09 0.13 0.15
(0.23) (0.21) (0.19) (0.17) (0.16) (0.15)

~m 072 099 <125 -1.48 -1.70  -1.89
(0.42) (0.35) (0.32) (0.32) (0.34) (0.36)

Obs 231 231 231 231 231 231

Table 2.1: Results for regression (2-2) using quarterly data by Gurkaynak et al.
(2007) from 1961Q2 through 2019Q3. Hansen and Hodrick (1980) standard
errors in parenthesis.

time ¢ rolling estimate spans data from ¢ — 3 years to t. In the notation of (2-2),
the coefficient represents %(-2%)17 which is to say that it looks at past values of
the term spread on the current short rate. While the coefficient remains in the
negative territory for most of the sample, it does present important spikes
towards positive values, and therefore towards the EH implied value (and
higher). Further, these spikes occur in relevant stages of the business cycle:
every recession in the sample is preceded by a spike and sees a subsequent
drop in the coefficient. Of course, one may expect that at a high enough
frequency there must be periods in which the variation in long rates should
come exclusively from expectations, and therefore that this coefficient should
present variation towards the EH-implied value. However, the fact that these
spikes represent 3 years of data (and are present for windows as long as 5
years) and happen at specific times in the business cycle is intriguing. Figure

2.1b plots the same exercise except with non-overlapping windows and tells a

similar story.

ki 1 1 1 1 L 1
1090 2000 2010 1070 1980 1990

Figure 2.1: Rolling estimates of 7%2) using GSW weekly data with 3-year
windows, overlapping (2.1a) and non-overlapping (2.1b). Red dashed lines
indicate + 2 HH standard errors and shaded regions correspond to recessions.

This parameter instability motivates the use of a model that allows for
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) coefficient. Specifically, we investigate if this instability is

variation in the ~\"
related to the composition of the term spread and the dynamics of expectations
relative to the term premium component. A simple, parsimonious way to look
at this is to expand the CS regression (2-2) and assume that there exists two
states of nature S = {0, 1}: one in which the EH holds and one in which it

may not. The model may be summarized as:

n—m n n n m n m n
L T Ly (LRYL) PR

gz(ti)m ~ N (07 UiSQZS) (2_3)
P(s; = 0]s;—1 =0) = q(")
P(s; =1]s;-1 =1) = p(”)
(n)

1,4

Coeflicients v, ., _g therefore takes the value of 1 when S = 0 and is left
unrestricted for S = 1, with volatility os,—g also regime-specific. We choose
to aggregate the intercept across regimes, since it has negligible effect in the
estimated parameters and regime probabilities and only addresses the mean
term premium for each state.? The intuition behind this model is that, if
we are looking for a regime that has no support in the data then we expect
the estimation to attribute negligible probabilities to that state while the
unrestricted regime converges to the OLS estimates.®> Our goal is to see
how much weight does the data attribute to a specific, EH-implied regime
— and when. Appendix B discusses a Bayesian approach with collapsed priors
for 782:0 = 1 while Appendix C allows for time-varying coefficients in the

unrestricted regime. Both approaches corroborate with the main analysis.

2The curious reader can find these estimates in Appendix A.
3We performed a few exercises with ’Yﬁ?:o taking values higher than 10 and the results

were as expected.
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Results

Estimates are based on data from Giirkaynak et al. (2007) from 19612
through 2019Q3 at a quarterly frequency and we restrict our attention to
the case that m = 1 and maturities n = 2,..,7 years. Table 3.1 reports
the maximum likelihood (ML) estimates for model (2-3). First, although the
standard errors are not comparable!, the point estimates of ”yﬂls)t:l are typically
within two (HH) standard errors of the estimates in (2-2), in line with the
earlier intuition. Second, for all maturities the volatility of the EH state is
smaller than that of the second regime, also intuitive since there is the added
variance from an unstable term premium. Third, from the estimates of p and ¢,
both regimes are highly persistent and have an expected duration of between
13 and 20 quarters for the EH state and 20 to 27 quarters for the second
regime. We must point out, however, that a likelihood ratio test dismisses
the EH restriction on 7; 5,—9. Our understanding is that this is driven by a
stronger classification in terms of regime variances, which tend to dominate
the estimation, and resonates with previous findings?. To circumvent this, we
could add more regimes to better fit the data. However, not only is there a
critical small-sample problem for estimating too many regimes, but this would
steer away from our original point.

Figure 3.1 plots the probabilities of the EH state according to the
ML estimates of model 2-3. Panel 3.1a compares the filtered and smoothed
probabilities for maturity n = 2 years while Panel 3.1b gathers the smoothed
probabilities for all maturities n = 2,..,7 years. As the paper’s title hints
at, there are several periods in which the model attributes probabilities close
to (or exactly) 1 to the EH state, or, in other words, periods in which the
expectations hypothesis has greater support in the data. It is worth noting that
the probabilities are very robust across maturities.® Further, the shaded regions

representing US recessions indicate how these probabilities appear to be related

'We did not find an obvious correction in the spirit of HH for the switching regressions.
2This problem was overcome in the Bayesian approach by assuming prior distributions
f 2,(n . .
or oy, _5 with more weight on lower values for S = 0.

3 Appendix A offers estimates using the Fama-Bliss database from the Center for Research
in Security Prices of the Booth School of Business at the University of Chicago, as well as
an alternative specification based on Fama and Bliss (1987). The results are essentially the
same.
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Campbell-Shiller Switching Regression

Maturity (yrs)
2 3 4 5) 6 7

N 013 006 -0.00 0.0l 002 0.3
(0.005) (0.005) (0.004) (0.004) (0.005) (0.005)
WD 121 <165 <196 215 232 247
(0.027) (0.031) (0.030) (0.032) (0.034) (0.036)
o™, 063 061 056 054 055  0.56
(0.003) (0.004) (0.004) (0.004) (0.004) (0.004)
o™ 191 166 150 139 131 127
(0.009) (0.008) (0.007) (0.006) (0.006) (0.006)

p™ 0.95 0.93 0.92 0.92 0.92 0.93
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
g™ 0.96 0.95 0.95 0.95 0.95 0.95
(0.001) (0.002) (0.002) (0.002) (0.002) (0.002)

Obs 231 231 231 231 231 231

Table 3.1: Parameter estimates for model (2-3). Data is from GSW from
1961Q2-2019Q3 at quarterly frequency. Standard errors reported in paren-
thesis.

to the business cycle. In general, every recession is preceded by a period of
high probability of the EH state. Moreover, the EH probabilities seem to lower
around the onset of a recession and rise as the economy stabilizes. Recessions
are routinely classified as a different regime in this literature. These shifts
might be related to agents missing their forecasts, which may induce changes
to how they manage risk. This resonates with Cieslak (2018), who argues
that investors underestimate easing cycles by the monetary authority, which
induces excess returns not due to time-varying risk premium. It could also be
related to Campbell and Cochrane (1999) and their discussion on how agents
care more about how assets behave in recessions as opposed to the covariance
with consumption growth per se. Regarding the period of the 1970s and 1980s,
we stress that these were times of great uncertainty regarding both monetary
policy and inflation dynamics, which translates into erratic estimates. Piazzesi
and Schneider (2006) discuss a possible relation between inflation shocks and

the yield curve and illustrate with the early 1980s.
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Figure 3.1: Figure 3.1a plots filtered (blue) and smoothed (red) probabilities
of the EH state according to ML estimates of model (2-3) for maturity n = 2.
Figure 3.1b plots the smoothed probabilities for maturities n = 2, ..., 7. Shaded
regions indicate US recessions.

3.1
EH Probabilities and the Macroeconomy

One simple way to look at the relation between the EH state proba-
bilities and the macroeconomy is to allow for time-varying (TV) transition

probabilities. Keeping the same framework as in (2-3), we can define

exp {pi"” + pi"u2 |

1+ exp {p"” + p{" i) }

n n 1
exp {g6” + 4"y }

Lt exp {q” + " yih }

P(St = 0|St—1 = 0) =

P(St = ]-‘St—l = 1) =

At a quarterly frequency, the first principal component (PC) explains over 99%
of the variation in yields in our sample. Commonly known as the level factor,
the first PC also has a 98% correlation with the short rate. Thus, we follow
Ang et al. (2006) in using the short rate as proxy for the the first PC and
thus condensing most of the variation in the term structure while maintaining
parsimony. Table 3.2 reports the ML results. The negative estimates of p; as
well as the positive estimates of ¢; indicate that higher levels of the short rate
imply a lower probability of remaining at or transitioning to the EH state. One
caveat is that the estimation for maturity n = 3 stands relatively apart from
the rest in this specification.

Another approach is to take the probabilities as observed from model
(2-3) and regress on macroeconomic variables using a logit model. We use
the FRED-QD database, a quarterly frequency companion to FRED-MD by
McCracken and Ng (2016) with 248 variables used for business cycle tracking
and forecasting. Figure 3.2 plots t-statistics from logit regressions of the EH
state probabilities on individual variables for maturities n = 2,3,5 and 7.

Shading indicates variable groups as determined in the appendix to the FRED-
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Campbell-Shiller Switching Regression - TV Probabilities

Maturity (yrs)
2 3 4 5) 6 7

A 013 -023 -001  0.01  0.02  0.02
(0.005) (0.004) (0.005) (0.004) (0.004) (0.005)
WD 121 <065 -1.98 217 232 248
(0.028) (0.022) (0.031) (0.032) (0.034) (0.037)
o™, 064 033 056 053 052  0.54
(0.003) (0.003) (0.004) (0.004) (0.004) (0.005)
o™ 1.93 147 149 138 130 125
(0.009) (0.005) (0.007) (0.006) (0.006) (0.006)

pM 507 415 471 460 456 4.46
(0.101) (0.122) (0.109) (0.099) (0.098) (0.104)

A 043 058 046  -0.46  -045  -0.40
(0.017) (0.039) (0.019) (0.018) (0.018) (0.019)
@™ 160  -066 233 236 236 234
(0.062) (0.240) (0.047) (0.047) (0.047) (0.048)
A" 020 1192 008 007 007  0.08
(0.015) (1.025) (0.009) (0.009) (0.009) (0.010)

Obs 231 231 231 231 231 231

Table 3.2: Parameter estimates for model (3-1). Data is from GSW from
1961Q2-2019Q3 at quarterly frequency. Standard errors reported in paren-
thesis.

QD project and listed in Table 3.3. Variables with t-statistics greater than 2
in absolute value are represented with ticks on the top and bottom axes for
reference.

The distribution of t-statistics with absolute value greater than 2 is
further evidence of the strong relation between the EH state probabilities
and the business cycle. Groups of particular interest are Employment and
Unemployment (EMPL), Industrial Production (IP), Non-Household Balance
Sheets (N-HH BAL SHTS), and National Income and Product Accounts
(NIPA), not to mention the trivial Interest and Exchange Rates groups.
Housing, Inventories, Orders, & Sales, Earnings & Productivity, Stock Markets,
Money & Credit and Household Balance Sheets also show some level of
interrelation. The only group that has no related variables is Prices, with not
one of its 36 variables with a t-statistic greater than 2 in absolute value, which
indicates that the EH state probabilities are capturing a real, rather than
nominal phenomenon. Appendix E discusses results of variable selection using

Lasso.
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Figure 3.2: Markers indicate t-statistics from logit regressions of the EH state
probabilities for maturities n = 2, 3,5 and 7 on 248 individual macroeconomic
variables from the FRED-QD database. Red dashed line indicates £+ 2 for
reference. Shading indicates variable groups as defined in the appendix to
McCracken and Ng (2016) (See table 3.3).

Abbreviation Group
NIPA National Income and Product Accounts
1P Industrial Production
EMPL Employment and Unemployment
HOUSING Housing
INVT, ORDS & SALES Inventories, Orders, and Sales
PRICES Prices
EARNS & PRODTY Earnings and Productivity
INT RATES Interest Rates
EXC RATES Exchange Rates
STOCK MKT Stock Markets
MNY & CRDT Money and Credit
HH BAL SHTS Household Balance Sheets
N-HH BAL SHTS Non-Household Balance Sheets
OTHER Other

Table 3.3: FRED-QD group names and abbreviations.
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4
Predictability

The evidence that the expectations hypothesis holds at certain time
periods dialogues with two strands of the literature. First, it relates to
the evidence in Stock and Watson (2003), Estrella et al. (2003), Rossi and
Sekhposyan (2010), and more recently Hénnikdinen (2017) regarding the
unstable predictive power of the term spread as a forecasting variable for
growth. Second, to the discussion in Ang et al. (2006) as to the source of
its predictive power when considering the decomposition into an expectational
component and a risk premium implied by their affine model. Their results
show that not only does the decomposition allow for better in-sample R?s, but
also that the coefficient relative to the term premium component is always
insignificant. They thus argue that “we should subtract the [risk premium]
component from the spread[, oJtherwise the expectations contained in the term
spread are contaminated by the [risk premium] component, which blurs the
GDP forecasts.”

An implication therefore is that, if the EH state probabilities correctly
identify periods in which the risk premium is constant, then conditioning
of these probabilities should boost the predictive power of the term spread.
The first panel in Table 4.1 reports in-sample results for regressions of the
h-period ahead annualized GDP growth g, = %(log GDP,;, —logGDF,)
on the term spread, as in (4-1), while the second panel includes the interaction
between the term spread and EH state probabilities implied by a joint model
across maturities. Hodrick (1992) standard errors are reported in parenthesis.
The joint specification stacks all yields available and imposes the EH state on
all maturities. These probabilities, reported in Figure 4.1, are more unstable,
but tell the same story (higher in stable times, lower in and around recessions)
as the independent estimates and are discussed in Appendix D. Excess return
predictability results are robust for the independent estimations, but those for

GDP predictability are mostly insignificant.

Grarn = Bo+ B (u" — V) [+6 (v — u”) « PEH)] + o (41)

Two comments should accompany Table 4.1: first, not only is the inter-


DBD
PUC-Rio - Certificação Digital Nº 1811829/CA


PUC-RIo- CertificagaoDigital N° 1811829/CA

Chapter 4. Predictability 27

Filtered
Smoothed

o
© =
f
—t|
——

o o
~ ®
T

Prob. of EH State
o o o
S (5] o

T T T

©
w
T

©
N}
T

o
[
T

| |
0
1970 1980 1990 2000 2010

Figure 4.1: Probability of the Expectations Hypothesis State for a joint model
of all maturities. Shading indicates US recessions.

action significant at 5% for n = 2,...,6 and at 10% for n = 7, but the point
estimates imply that when it is known that we are in an EH state the weight
given to the information in the term spread should more than double. Sec-
ond, there are some gains in R?, although they only range from 1-2 percentage

points.

Predicting One-Quarter-Ahead GDP Growth

Maturity (yrs)

2 3 4 ) 6 7
Term spread 8.42 4.58 3.11 2.30 1.80 1.45
(1.71) (1.02) (0.78) (0.66) (0.59) (0.54)
R? 10% 8% ™% 5% 4% 3%
Term spread 6.39 3.52 2.39 1.76 1.35 1.07

(1.86) (1.10) (0.85) (0.72) (0.64) (0.59)

Term spread * P(EH) 7.09 393 275 213 175 151
(3.08) (L.73) (L27) (1.03) (0.88) (0.78)

R? 12%  10% 8% % 5% 4%

Obs 229 229 229 229 229 229

Table 4.1: In-sample results for term spread predictability conditioned on the
EH state probabilities from a joint estimation of model (2-3). The first panel
refers to the benchmark model while the second adds the interaction with
the EH state probabilities. Hodrick (1992) standard errors in parenthesis.
Coefficients and standard errors x1073.

Table 4.2 reports the out-of-sample results using half the sample as
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a training period and then incorporating the new information. Panel 4.2a
displays the ratio of root mean prediction errors (RMPE) for the model with
the interaction over those for the benchmark model. Results lower than 1
indicate that the forecasts when conditioning on the EH state probabilities
outperform the benchmark, and constitute the majority of Panel 4.2a. The
out-of-sample gains of up to 2.2% are in line with the in-sample gains in R? in
Table 4.1. Panel 4.2b reports (Clark and West, 2007, CW) one-sided statistics
for comparing nested models’ forecasting power, with critical values of 1.282
(10%) and 1.645 (5%). It is important to note that the CW statistic corrects
for the fact that the larger model estimates a parameter that is known under
the null, and therefore can reject it even if the RMPE ratio is close to or even
above 1. The evidence is that the EH state boosts the predictive power of the

term spread out-of-sample for up to 4 quarters ahead.

Pseudo Out-of-Sample Forecasting GDP Growth

Horizon (Q) Maturity (yrs)
2 3 4 ) 6 7

(a) RMPE Ratio

1 0.982 0.985 0.989 0.993 0.995 0.997
2 0978 0.981 0.986 0.991 0.994 0.997
3 0.982 0985 0.991 0.996 1.000 1.003
4 0.983 0.987 0.994 0.999 1.003 1.006

(b) CW Statistic

1 1.894 1.862 1.802 1.758 1.733 1.722
2 1.767 1.686 1.612 1.571 1.553 1.546
3 1.444 1.415 1.372 1.354 1.348 1.346
4 1.304 1.276 1.232 1.212 1.203 1.195
Obs 115 115 115 115 115 115

Table 4.2: Out-of-sample results for term spread predictability of GDP condi-
tioned on the EH state probabilities from a joint estimation of model (2-3).
Panel (a) reports the ratio of RMPE for the model conditioned on the EH state
probabilities relative the benchmark. Panel (b) reports CW one-sided statistics
for comparing RMPE of nested models. Critical values are 1.282 (10%) and
1.645 (5%).
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4.1
Recession Logits

Figure 4.2 plots the fitted values for logit regressions of the probability
of a recession 4 quarters ahead on the same right-hand side variables in (4-1),
using the longest term spread in our sample with n = 7, as is recommended
in APW!. The blue and red lines represent the benchmark and conditional
models, respectively. Shading represents actual recessions and dashed lines
indicate out-of-sample forecasts. Sample periods for Figures 4.2a through 4.2¢
end in 19893, 2000Q2, 2007Q1, which corresponds to 1 year prior to the 1990,
2001, and 2008 recessions. Figure 4.2d uses the full sample up to 2019Q3.

Figure 4.2: Fitted values for logit regressions of the probability of a recession 4
quarters ahead on the the right-hand side variables in (4-1) for n = 7. The blue
and red lines represent the benchmark and conditional models, respectively.
Shading represents actual recessions and dashed lines indicate out-of-sample
projections. Sample periods for Figures 4.2a through 4.2c¢ end in 1989Q3,
2000Q2, 2007Q1, which corresponds to 1 year prior to the 1990, 2001, and
2008 recessions. Figure 4.2d uses the full sample up to 2019Q3.

We may judge the logit models on (i) how high the fitted probabilities
are in past recessions and (ii) by considering that the model signals a coming
recession if the fitted probabilities are higher than a threshold, which we
can take to be 50%, and count successes. By both of these metrics, the
logit conditional on the EH state probabilities outperforms the benchmark.
According to the first metric, the conditional model fits a higher probability
in all but the 1970 and 1981-82 recessions looking in-sample, and in all of the

'Results are again robust across maturities, with an intriguing outperformance of the 2Y
for the beginning of the sample.
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out-of-sample recessions, while it does not consistently fit higher probabilities
for non-recession periods. By the second metric, while the conditional model
correctly signals all of the in-sample recessions, the benchmark only signals
those up to 1981-82. In the out-of-sample exercises, it correctly signaled the

2008 recession, while the benchmark misses all three.

4.2
Predicting Excess Bond Returns

Tables 4.3 and 4.4 report in- and out-of-sample results for bond excess
return forecasting. In fact, the in-sample results show that, as expected, excess
returns are not predictable when conditioning the term spread on the EH state
probabilities, whereas by conditioning in the non-EH state probabilities they
are?. Further, the conditioned model has R? gains between 3-4%. The RMPE
ratios of the conditioned model relative to the term spread alone in Table 4.4

also indicate gains up to 3%, most of which are significant at 5%.

Predicting One-Quarter-Ahead Excess Returns

Maturity (yrs)

2 3 4 5 6 7
Term spread 391 321 311 314 321  3.30
(1.71) (1.36) (1.24) (1.19) (1.17) (1.17)
R? 6% 6% 6% 6% 6% 6%

Term spread * (1 —P(EH)) 5.39 443 422 418 420 425
(2.00) (1.55) (1.40) (1.34) (1.30) (1.29)

Term spread * P(EH) 0.19 -0.09 -0.02 014 033 0.52
(1.71) (1.42) (1.32) (1.30) (1.31) (1.34)

R? 10%  10%  10%  10%  10% 9%

Obs 230 230 230 230 230 230

Table 4.3: In-sample results for predicting excess returns conditioned on the
EH state probabilities from a joint estimation of model (2-3). Hodrick (1992)
standard errors in parenthesis.

2Results for one-quarter excess returns calculated by using the GSW parameters and
generating artificial quarterly maturities.


DBD
PUC-Rio - Certificação Digital Nº 1811829/CA


PUC-RIo- CertificagaoDigital N° 1811829/CA

Chapter 4. Predictability 31

Pseudo Out-of-Sample Forecasting Excess Returns

Horizon (Q) Maturity (yrs)
2 3 4 ) 6 7

(a) RMPE Ratio

1 0971 0.978 0.987 0.995 1.003 1.010
2 0972 0.972 0.979 0.988 0.997 1.004
3 0976 0.975 0.979 0.984 0.990 0.995
4 0.979 0979 0.981 0.984 0.988 0.991

(b) CW Statistic

1 3.339 3.018 2,516 2.033 1.580 1.159
2 3.053 3.226 2.805 2.250 1.706 1.199
3 2.545 2.836 2.688 2.334 1911 1.460
4 2.243 2316 2.282 2.112 1.884 1.620
Obs 115 115 115 115 115 115

Table 4.4: Out-of-sample results for predicting excess returns conditioned
on the EH state probabilities from a joint estimation of model (2-3). Panel
(a) reports the ratio of RMPE for the model conditioned on the EH state
probabilities relative the benchmark. Panel (b) reports CW one-sided statistics
for comparing RMPE of nested models. Critical values are 1.282 (10%) and
1.645 (5%).

4.2.1
Predicting Returns: EH Probabilities vs ACM

Finally, we compare the out-of-sample performance for predicting excess
returns of the term spread conditioned on the EH state probabilities relative
to the decomposition of the term spread into expectational and term premium
components implied by the affine model in (Adrian et al., 2013, ACM)3. Table
4.5 reports root mean prediction error ratios and (Diebold and Mariano, 1995,
DM) statistics (since models aren’t nested, CW isn’t appropriate here). The
results show that, according to the DM statistics, the two approaches are
equally accurate. It is worth noting that the EH Probabilities improve the
forecasts for the shorter maturities and longer horizon, with the 2-year term
spread overperforming the ACM decomposition by 9% for 4-quarters ahead,
while the 5-year underperforms by 7%.

3For each period, we use the first 3 principal components and excess returns from the
fitted yield curve using GSW parameters.
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Pseudo Out-of-Sample Forecasting Excess Returns
EH Probabilities vs. ACM Decomposition

Horizon (Q) Maturity (yrs)
2 3 4 ) 6 7

(a) RMPE Ratio

1 0.994 1.011 1.020 1.026 1.031 1.033
2 0971 1.011 1.037 1.054 1.066 1.073
3 0.940 0991 1.027 1.053 1.070 1.081
4 0911 0.962 1.003 1.034 1.056 1.072

(b) DM Statistic

1 0.122 -0.313 -0.619 -0.805 -0.906 -0.955
2 0.390 -0.177 -0.614 -0.899 -1.073 -1.178
3 0.604 0.103 -0.322 -0.637 -0.854 -0.996
4 0.743 0.348 -0.027 -0.329 -0.553 -0.709
Obs 115 115 115 115 115 115

Table 4.5: Out-of-sample results for predicting excess returns conditioned on
the EH state probabilities from a joint estimation of model (2-3) vs. the ACM
decomposition. Panel (a) reports the ratio of RMPE for the model conditioned
on the EH state probabilities relative to ACM. Panel (b) reports DM statistics.
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5
Concluding Thoughts

Expanding on the work in Campbell and Shiller (1991), we have provided
evidence that the expectations hypothesis is a good approximation for certain
time periods, and its empirical failures may be concentrated in specific,
turbulent times. Moreover, these EH states further our understanding of yield
curve dynamics and its relation to the business cycle. We relate the probability
of an “Expectations Hypothesis state” to the level of the yield curve and to
numerous macroeconomic variables, and include in the appendix a discussion
of the robustness of these EH state probabilities. Further, we provide in- and
out-of-sample results of how the probability of the EH state accounts for some
of the instability in the predictive power of the benchmark yield curve measure,
the term spread, and how it can boost its power as a conditioning variable,
outperforming affine-model decompositions for longer horizon excess returns
forecasting. Understanding the mechanisms behind these dynamics remains a

challenge.
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A
Independent Model Robustness

This section reports various estimates of the probability of an Expec-
tations Hypothesis state using GSW (same as paper) and CRSP data (from
1952Q2-2019Q3, with maturities of 1,...,5 years), as well as a specification
analogous to (3) but based on Fama and Bliss (1987), where excess returns are
regressed on a forward spread such that, if the EH holds, the slope coefficient
should be zero (excess returns should not be predictable).

Figure A.1 plots the smoothed probabilities of the Expectations Hypoth-
esis state according to model (3) using GSW (A.la) and CRSP (A.1b) data.
Figure A.2 plots the smoothed probabilities of the Expectations Hypothesis
state according to the FB specification using GSW (A.2a) and CRSP (A.2b)
data. Estimation results are reported in Tables A.1 and A.2. Tables A.3 and

A.4 report the estimation results for a model with regime-specific intercepts.

Campbell-Shiller Switching Regression

Maturity (yrs)

GSW CRSP
2 3 4 5 6 7 2 3 4 5
WP 013 006 000 001 002 003 20.06  -0.05 000 003
(0.005) (0.005) (0.004) (0.004) (0.005) (0.005)  (0.007) (0.005) (0.004) (0.004)
AW a121 -165 <196 215 232 -2.47 119 171 =218 -2.20
(0.027) (0.031) (0.030) (0.032) (0.034) (0.036)  (0.025) (0.029) (0.029) (0.032)
o™, 063 061 056 054 055 0.6 069 069 065  0.63
(0.003) (0.004) (0.004) (0.004) (0.004) (0.004)  (0.009) (0.006) (0.004) (0.003)
o™, 191 166 150 139 131 127 184 169 151 140
(0.009) (0.008) (0.007) (0.006) (0.006) (0.006)  (0.010) (0.008) (0.007) (0.006)
p™ 095 093 092 092 092 093 094 094 094 094
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)  (0.002) (0.002) (0.002) (0.002)
qm™ 096 095 095 095 095 095 095 094 095 095
(0.001) (0.002) (0.002) (0.002) (0.002) (0.002)  (0.002) (0.002) (0.002) (0.002)
Obs 231 231 231 231 231 231 263 263 263 263

Table A.1: Parameter estimates for model (3). Data is from GSW from 1961Q)2-
2019Q3 and CRSP from 1952Q2 at quarterly frequency. Standard errors
reported in parenthesis.


DBD
PUC-Rio - Certificação Digital Nº 1811829/CA


PUC-RIo- CertificagaoDigital N° 1811829/CA

Appendix A. Independent Model Robustness 39

Prob. of EH State
o
(4]
T

N
IS
I

e

1970 1980

=

Prob. of EH State
o
(4]

1990 2000
(a)

2y

—3Y

LN o

—5Y

0 | ~ | |
1960 1970 1980 1990 2000 2010

Figure A.1: Figure A.la plots smoothed probabilities of the EH state according
to ML estimates of model (3) for GSW data from 1961Q2-2019Q3, and A.1b
uses CRSP data from 19520Q2-2019Q3. Shaded regions indicate US recessions.
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Figure A.2: Figure A.2a plots smoothed probabilities of the EH state according
to the FB specification for GSW data from 1961Q2-2019Q3, and A.2b uses
CRSP data from 1952Q2-2019Q3. Shaded regions indicate US recessions.
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Fama-Bliss Switching Regression

Maturity (yrs)

GSW CRSP
2 3 4 5 6 7 2 3 4 5
WP 013 013 003 -001  -0.03  -0.03 019 009  -001  0.01
(0.005) (0.010) (0.013) (0.018) (0.023) (0.028)  (0.005) (0.011) (0.013) (0.015)
WU L1000 139 161 175 187 198 145 150  1.75 156
(0.014) (0.017) (0.017) (0.019) (0.021) (0.023)  (0.006) (0.016) (0.016) (0.019)
o™, 063 122 169 218 276  3.40 186 138 195 252
(0.003) (0.008) (0.011) (0.014) (0.020) (0.022)  (0.006) (0.012) (0.012) (0.013)
o™, 191 335 456 568 676  7.86 035 337 457  6.01
(0.009) (0.016) (0.020) (0.025) (0.031) (0.038)  (0.003) (0.017) (0.020) (0.027)
p™ 095 093 092 092 092 093 095 094 094 095
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)  (0.001) (0.002) (0.002) (0.001)
g™ 096 095 095 095 095 095 088 094 095 095
(0.001) (0.002) (0.002) (0.002) (0.002) (0.002)  (0.003) (0.002) (0.002) (0.002)
Obs 231 231 231 231 231 231 263 263 263 263

Table A.2: Parameter estimates for Fama-Bliss specification. Data is from GSW
from 1961Q2-2019Q3 and CRSP from 1952Q2 at quarterly frequency. Standard
errors reported in parenthesis.

Campbell-Shiller Switching Regression, Regime-Specific Intercept

Maturity (yrs)

GSW CRSP

2 3 4 5 6 7 2 3 4 5

Wy 008 000 026 033 035 -0.74 040 027 025  -1.48
(0.005) (0.006) (0.007) (0.008) (0.006) (0.012)  (0.007) (0.007) (0.008) (0.008)

W 036 <025 <050 039 -031 071 080 -054 -036  0.60
(0.014) (0.013) (0.012) (0.011) (0.010) (0.007)  (0.012) (0.010) (0.009) (0.006)
W 095 <142 2201 205 215 -3.26 -1.16  -1.86  -2.33  -0.69
(0.031) (0.034) (0.034) (0.036) (0.036) (0.037)  (0.026) (0.028) (0.031) (0.022)

o™y 064 062 070 064 060  1.30 078 072 067 083
(0.003) (0.005) (0.004) (0.004) (0.003) (0.007)  (0.004) (0.004) (0.004) (0.004)

o™, 190 165 129 118 L1l 054 152 141 128  0.79
(0.009) (0.008) (0.007) (0.006) (0.005) (0.003)  (0.007) (0.007) (0.006) (0.003)

p™ 095 093 091 089 089  0.90 090 090 090  0.86
(0.002) (0.002) (0.002) (0.002) (0.002) (0.003)  (0.002) (0.002) (0.002) (0.003)

g™ 096 095 090 091 091 092 090 089 089 092
(0.001) (0.002) (0.002) (0.002) (0.002) (0.002)  (0.002) (0.002) (0.002) (0.001)

Obs 231 231 231 231 231 231 263 263 263 263

Table A.3: Parameter estimates for model with regime-specific intercepts. Data
is from GSW from 1961Q2-2019Q3 and CRSP from 1952Q2 at quarterly
frequency. Standard errors reported in parenthesis.
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Fama-Bliss Switching Regression, Regime Specific Intercept

Maturity (yrs)

GSW CRSP
2 3 4 5 6 7 2 3 4 5
W0y 050 091 011 020 030 483 040  -050  -0.64  3.60
(0.009) (0.017) (0.016) (0.023) (0.037) (0.063)  (0.008) (0.014) (0.020) (0.039)
WD 018 =095 059 058 058  -4.37 037  1.05 102  -2.83
(0.005) (0.009) (0.036) (0.046) (0.059) (0.036)  (0.004) (0.022) (0.031) (0.025)
MW 115 172 143 157 LT1 233 160 154 181 177
(0.009) (0.008) (0.020) (0.022) (0.025) (0.016)  (0.005) (0.016) (0.018) (0.014)
o™, 180 324 171 220 276 757 175 144 203 5.29
(0.006) (0.012) (0.011) (0.014) (0.020) (0.039)  (0.006) (0.007) (0.011) (0.024)
o™, 025 055 453 565 671  3.23 029 287 401 245
(0.002) (0.004) (0.020) (0.025) (0.032) (0.017)  (0.002) (0.014) (0.020) (0.012)
p™ 098 097 093 092 092 091 096 090 090  0.90
(0.001) (0.001) (0.002) (0.002) (0.002) (0.003)  (0.001) (0.002) (0.002) (0.002)
g™ 092 090 095 095 095 092 089 089 090 091
(0.003) (0.003) (0.002) (0.002) (0.002) (0.002)  (0.003) (0.002) (0.002) (0.002)
Obs 231 231 231 231 231 231 263 263 263 263

Table A.4: Parameter estimates for Fama-Bliss specification with regime-
specific intercepts. Data is from GSW from 1961Q2-2019Q3 and CRSP from
1952Q2-2019Q3 at quarterly frequency. Standard errors reported in parenthe-
sis.
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B
Bayesian Approach

Another natural way to approach this is with a Bayesian estimation with
a collapsed prior for the 'yﬁls)tzo coefficient on the EH-implied value. The main
advantage to this approach is that we can obtain a posterior distribution for
the probabilities of the EH state, as opposed to the MLE estimates. Figure B.1
plots the median values for the probabilities of the EH state using CRSP data
for the CS specification with dashed lines indicating a 90% credible region.
Not only do the median values corroborate with the previous results, but the
credible region is also in line with the variation across data sets and maturities.

Figures B.2 and B.3 plot the posterior distributions for the model’s
parameters, as well as the priors assumed: independent Beta(1,1) for
P, g™, (453 W A8 ) ~ N(by, Bo) with by = (0,1,0,0) and By =
diag(B, €, B, B) such that ¢ — 0 and B = 5. Finally, we assume indepen-
dent inverse-gammas for {02’(”)}220 ~ IG(vy/2, 1173 /2) more concentrated
on smaller values for the volatility of the EH state, i.e. vy = 4 and 72 = 1 for
the EH state while vy = 6 and 7§ = 4 for S = 1. Posterior draws come from
a Gibbs sampler based on Kim2017 with 10* draws after burning the first 10*
using GSW data.

It is worth noting that the posterior distribution for the intercepts, which
are related to the term-premia of the two states, is a lot more concentrated for
Yo0,5=0 than for vy s—1, which is to be expected since our underlying assumption
is that the EH term premium is constant through time. Also, both distributions
have a lot of overlap, with close means, which gives us confidence that the
simplifying assumption of one intercept for both regimes used in the main

model isn’t an overreach.

Fama-Bliss Results

Figures B.4, B.5 and B.6 plot the same results for the FB specification,

only now using a prior by = (0,0,0,0)’". Results are again essentially the same.
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Figure B.2: Posterior draws for the model parameters of the CS specification,
maturities 2-4Y, from a Gibbs Sampler with 10* draws after burning the first
10%.


DBD
PUC-Rio - Certificação Digital Nº 1811829/CA


PUC-RIo- CertificagaoDigital N° 1811829/CA

Appendix B. Bayesian Approach

20

15

10

0.8

0.6

0.4

0.2

46

5Y 6Y Y
20 20
[ [ [
[ I g [ g
Prior 15 Prior 15 Prior
10 10
5 5
0 0
08 085 09 095 1 08 085 09 0.95 1 0.8 085 09 0.95 1
5
I,
4 —
Prior
3
2
1
0
-0.5 0 0.5 1 -0.5 0 0.5 1
1 08 1 06 1
— ) — 05 — 7,
[ 0.6 [k [k
F‘rior1 F‘riur1 0.4 Prior
0.4 0.3
0.2
0.2
0.1
[ — T
S 0 . 0 S
5 0 5 0 5 5 0 5
6 6

Figure B.3: Posterior draws for the model parameters of the CS specification,
maturities 5-7Y, from a Gibbs Sampler with 10* draws after burning the first

10,
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Figure B.5: Posterior draws for the model parameters of the FB specification,
maturities 2-4Y, from a Gibbs Sampler with 10* draws after burning the first
104,
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Figure B.6: Posterior draws for the model parameters of the FB specification,
maturities 5-7Y, from a Gibbs Sampler with 10* draws after burning the first
104,
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C
Time-Varying Parameters

Another natural way to allow for the variation implied by the rolling
regressions is to use a time-varying coefficients model. One caveat here is that
this may actually give the model too much freedom, which is aggravated by
the fact that our sample is small and our variables persistent.

For those who are curious, we offer some insight into this by estimating
a model that combines all the above approaches: a Bayesian time-varying
coefficients model with Markov switching, in which the S = 0 regime implies
that the CS intercept and slope are constant, with the intercept equal to 1,

while in the second regime they have a VAR structure, i.e.

Yo = X + &

b0 5 =0
=
01+ @iy ey s =1
e~ N (0, O’%)
€1t ™~ N (0, Tl)
P(St = O|St_1 = 0) =D
P(St = 1‘815,1 = 1) =q

The prior for P(¢o; = 1) = 1 collapses to the EH value, with
P(¢o0) ~ N(0, B), and the state VAR following a Normal-inverse Wishart!:
P ((¢1,0, P100, Pro1, P11, Prio, P111)[T1) ~ N (ﬁ, T ®&) ,P(Ty1)  ~
iW (Ty, ") with by = (0,1,0,-1,0,1)', Ty =TI,

1 1/2 1/2
B, =B 1 1/2
1

and B = 10. Priors for p, q, 0% follow the previous specifications.
Results for maturity n = 2 come from a Gibbs sampler and are still

unstable and preliminary, but corroborate with the analysis above. The first

1See Kadiyala and Karlsson (1997) for details.
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plot in Figure C.1 shows the posterior median for —%*yo,t, which is equal to the
term premium when 7, = 1, with 90% credibility interval, and compares with
the term premium from ACM. The second plot shows the posterior median
path of 7, coefficient and 90% C.I., and the third plots posterior median and
C.I. for the probability of the EH state.
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D
Joint Estimation

The joint model is estimated by stacking and imposing the EH state
across all available maturities. An important caveat is that the variance matrix
in the estimation is has all off-diagonal elements equal to zero. A full variance
matrix proved too unstable. The smoothed probabilities for both the CS and
FB specification are reported in Figure D.1, for GSW and CRSP data.
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Figure D.1: Figure D.1a plots smoothed probabilities of the EH state according
to ML estimates of the joint model (3) for GSW data from 1961Q2-2019Q3
and CRSP data from 1952Q2-2019Q43 Figure D.1b is analogous, but using
the FB specification. Shaded regions indicate US recessions.
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E
Variable Selection with Lasso

Using the FRED-QD database discussed in Section 3, Lasso regressions
can be used for variable selection. Figure E.1 plots the coefficients from Lasso
logistic regression of the EH probabilities from joint model on FRED-QD
variables, with selected variables’ names displayed. A point worth noting is
that the only variable selected by the 1SE criteria is “Net Worth of HH and
Nonprofit Organizations Relative to Disposable Personal Income', although
we offer no intuition for why this is. Figure E.2 plots the coefficients for
each maturity’s estimated EH probability. For parsimony, a complete list with

variable descriptions is omitted, but available on request.

EH Probability and Maci Variables - Lasso Regression
VT, ORDS & SALE: EARN

and Over
Force
Y

Labor

Pt
st
nemployed for 27 Weeks
1~ Reentrants to

Unemployment Leve!
S&P's Composite Common Stock: Price-Eamings Ratio 5
y

Number of Civiians Un
n

]
s
S
3
2

Net Worth

Figure E.1: Coefficients from Lasso logistic regression of EH probabilities from
joint model on FRED-QD variables, using minimum deviance and 1 S.E.
criteria. All but selected variables’” names are omitted.
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EH and Variables - Lasso Regressions
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Figure E.2: Coefficients from Lasso logistic regression of EH probabilities
from each maturity’s estimate on FRED-QD variables, using 1 S.E. criteria.
Variable’s named omitted.
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F

In-Sample Predictability

Predicting One Quarter-Ahead GDP Growth

Maturity (yrs)

GSW CRSP
2 3 4 5 6 7 2 3 4 5

Term Spread 8.44 4.59 3.11 2.30 1.79 1.45 7.78 4.33 2.96 2.22
(1.72) (1.03) (0.79) (0.67) (0.60) (0.55) (1.57) (0.97) (0.73) (0.64)

R? 10% 8% 7% 5% 4% 3% 8% 6% 5% 4%

CS

Term Spread 8.11 4.05 2.68 1.94 1.41 1.00 7.61 3.48 2.25 1.71
(1.81) (1.07) (0.82) (0.70) (0.64) (0.59) (1.73) (1.01) (0.76) (0.67)

Term Spread * P(EH)  3.05 3.59 2.62 2.15 2.12 2.25 0.97 4.25 3.35 2.28
(3.13) (1.87) (1.39) (1.15) (1.03) (0.95) (3.27) (2.03) (1.51) (1.32)

R? 10% 9% 8% 6% 5% 5% 8% % 6% 5%

CS-Joint

Term Spread 6.42 3.53 2.40 1.76 1.35 1.07 6.16 3.36 2.35 1.80
(1.87) (1.11) (0.85) (0.72) (0.65) (0.60) (1.78) (1.07) (0.79) (0.71)

Term Spread * P(EH) 7.12 3.94 2.75 2.13 1.75 1.51 5.15 3.86 2.56 1.74
(3.09) (1.74) (1.27) (1.03) (0.88) (0.78) (3.15) (1.85) (1.32) (1.11)

R? 12% 10% 8% 7% 5% 4% 8% 8% 6% 4%

FB

Term Spread 8.11 4.10 2.70 1.96 1.43 1.03 4.94 3.46 2.28 1.74
(1.81) (1.07) (0.82) (0.70) (0.64) (0.59) (2.84) (1.02) (0.76) (0.67)

Term Spread * P(EH)  3.05 3.40 2.51 2.02 1.95 2.02 3.37 4.25 3.24 2.15
(3.13) (1.86) (1.38) (1.14) (1.02) (0.92) (3.35) (1.99) (1.49) (1.32)

R? 10% 9% 7% 6% 5% 5% 8% ™% 6% 5%

FB-Joint

Term Spread 6.47 3.57 2.42 1.78 1.37 1.08 6.19 3.38 2.37 1.82
(1.85) (1.10) (0.85) (0.72) (0.65) (0.60) (1.78) (1.08) (0.80) (0.71)

Term Spread * P(EH) 7.16 3.91 2.69 2.07 1.69 1.45 5.03 3.73 2.45 1.66
(3.08) (1.73) (1.26) (1.02) (0.87) (0.78) (3.12) (1.83) (1.30) (1.09)

R? 12% 10% 8% 7% 5% 4% 8% 8% 6% 4%

Obs 226 226 226 226 226 226 262 262 262 262

Table F.1: In-sample results for term spread predictability of GDP conditioned
on the EH state probabilities. The first panel refers to the benchmark model
while the second adds the interaction with the EH state maturity-specific prob-
abilities from the Campbell-Shiller specification, third uses the jointly esti-
mated probabilities and the fourth and fifth use the Fama-Bliss specification.
Hodrick (1992) standard errors in parenthesis. Coefficients and standard errors

x1073.
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Predicting One Quarter-Ahead Excess Bond Returns
Maturity (yrs)
GSW CRSP
2 3 4 5 6 7 2 3 4 5

Term Spread 3.91 3.21 3.11 3.14 3.21 3.30 3.62 3.31 3.21 3.14
(1L71) (1.36) (1.24) (1.19) (L17) (1.17)  (1.34) (1.22) (1.14) (1.10)

R? 6% 6% 6% 6% 6% 6% 6% 7% 7% 7%

CS

Term Spread 459 395 378 376 383 392 459 409 393 384
(1.78) (1.45) (1.34) (1.28) (1.27) (1.28)  (1.51) (1.38) (1.28) (1.25)

Term Spread * P(EH) -1.35 -0.87 -0.19 0.19 048 0.83 -1.27 -0.05 0.38  0.60
(1.98) (1.58) (1.43) (1.41) (1.45) (1.48) (1.52) (1.35) (1.26) (1.25)

R? 9% 9% 8% 8% 8% 8% 9% 9% 9% 8%

CS-Joint

Term Spread 5.39 4.43 4.22 4.18 4.20 4.25 5.00 4.28 4.12 4.07
(2.00) (1.55) (1.40) (1.34) (1.30) (1.29)  (1.69) (1.42) (1.30) (1.25)

Term Spread * P(EH) 0.19 -0.09 -0.02 0.14 0.33 0.52 048 039 030 0.24
(1L71) (1.42) (1.32) (1.30) (L.31) (1.34)  (1.27) (1.23) (1.21) (1.21)

R? 0% 10% 10% 10%  10% 9% 9% 10%  10%  10%

FB

Term Spread 4.59 3.92 3.76 3.75 3.82 3.91 2.64 4.12 3.91 3.80
(1.78) (1.45) (1.34) (1.28) (1.27) (1.28) (1.48) (1.38) (1.28) (1.25)

Term Spread * P(EH) -1.35 -0.84 -0.16 0.26 0.61  1.00 381 -0.06 043 0.75
(1.98) (1.58) (1.44) (1.41) (1.42) (1.44) (1.48) (1.35) (1.26) (1.25)

R? 9% 9% 8% 8% 8% 8% % 9% 9% 8%

FB-Joint

Term Spread 5.35 4.41 4.21 4.18 4.21 4.26 5.01 4.29 4.13 4.08
(1.98) (1.54) (1.40) (1.33) (1.30) (1.29)  (1.69) (1.42) (1.30) (1.25)

Term Spread * P(EH) 0.17 -0.12 -0.05 0.11 030 0.50 047 041 033 0.28
(1L71) (141) (1.32) (1.29) (1.30) (1.33)  (1.27) (1.21) (1.20) (1.20)

R? 10%  10% 10% 10% 10%  10% 9% 10%  10%  10%

Obs 230 230 230 230 230 230 232 232 232 232

Table F.2: In-sample results for excess bond return predictability conditioned
on the EH state probabilities. The first panel refers to the benchmark model
while the second adds the interaction with the EH state maturity-specific prob-
abilities from the Campbell-Shiller specification, third uses the jointly esti-
mated probabilities and the fourth and fifth use the Fama-Bliss specification.
Hodrick (1992) standard errors in parenthesis.


DBD
PUC-Rio - Certificação Digital Nº 1811829/CA


PUC-RIo- CertificagaoDigital N° 1811829/CA

G
Out-of-Sample Predictability

Tables G.1 and G.2 gather out-of-sample results for CS, FB specifications
using GSW and CRSP data for predicting GDP and bond excess returns. Table

G.3 gathers results comparing with the affine model decomposition.
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Appendix G. Out-of-Sample Predictability

uonIsodwod @ WOV "sA sOMIIqeqo1d HY
SUINYY puog $seoxy Sulyseraio] ojdureg-Jo-amQ opnesJ

VO/62Z8TT8T oN [enbiqoedesnniad -o14-oNd


DBD
PUC-Rio - Certificação Digital Nº 1811829/CA


	The Expectations Hypothesis Holds. At Times.
	Resumo
	Table of contents
	Introduction
	Model
	Results
	EH Probabilities and the Macroeconomy

	Predictability
	Recession Logits
	Predicting Excess Bond Returns
	Predicting Returns: EH Probabilities vs ACM


	Concluding Thoughts
	Independent Model Robustness
	Bayesian Approach
	Time-Varying Parameters
	Joint Estimation
	Variable Selection with Lasso
	In-Sample Predictability
	Out-of-Sample Predictability



