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THE U.S. TREASURY TERM STRUCTURE
AND THE DISTRIBUTION OF REAL GDP GROWTH
J. Benson Durhama
Narrowing at the front but not the long end of the yield curve, notably in both expected rates
and term premiums, forecasts lower mean real GDP growth and widens the distribution.
But despite undue emphasis among some practitioners and the popular press on outright
inversion and recession, compression does not strictly foreshadow unwelcome downside
risks. Plus, long-run cycles of at least 5 years or longer duration primarily account
for any co-movement between yield curve factors and growth. Therefore, the slope is less
relevant for not only myopic but also some longer-run investors, as well as central bankers
responsible for smoothing fluctuations around trend output.

1 Introduction
Several studies report a positive correlation
between the slope of the nominal government bond term structure and future real GDP
growth.1 This literature also emphasizes the
extremes of both variables, episodes of inversion that subsequently “cause” recession (Estrella
and Hardouvelis, 1991; Estrella and Mishkin,
1997, 1998). Predictably, whenever the gap
between longer- and shorter-dated UST yields
meaningfully narrows toward negative territory,
the financial press—as well as many investors
and policymakers—fixate on supposed warnings
from this spread, without much subtlety. But
a Cornerstone Macro LLC in New York, NY, USA.
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subsequent research suggests that any link is complex. Other financial variables such as premia
embedded in corporate bond spreads (Gilchrist
and Zakrajšek, 2012) as well as broader financial conditions and vulnerability indices (Adrian
et al., 2019) also seem to help predict future
growth, too. Yet, other studies also argue that
the slope remains a reliable harbinger, with some
qualifications (Bauer and Mertens, 2018; Johansson and Meldrum, 2018; Engstrom and Sharpe,
2019).
Three underused lenses further assess any predictive power from the slope and address new
questions, given data for the U.S. from 1973Q2
through 2019Q3. First, existing studies do not
exhaustively decompose the precise sections of
the yield curve that may matter most for future
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growth, despite some progress. Engstrom and
Sharpe (2019) persuasively attribute the correlation to shorter- as opposed to longer-dated spreads
along the U.S. Treasury term structure. At long
last, they point out that longer-dated forward rates
ending, say, 10 years ahead should embed scant
information about investor’s growth expectations
just a few quarters ahead. To take this logic further, the following additionally parses the yield
curve not only by maturity but also the distinction
between anticipated short rates and term premiums, given strong theoretical grounds that these
two components have very different implications
for real activity (Wright, 2006; Johansson and
Meldrum, 2018). To bolster Engstrom and Sharpe
(2019), the relation between the slope and growth
owes primarily to the front end, whereas yields
beyond 2 years do not have additional information
about future near-term GDP growth. However,
both the estimated path of monetary policy and
near-dated term premiums have statistically significant effects. This result suggests a role for
investors’ perceptions and attitudes toward risks,
in addition to standard monetary policy transmission. Strictly speaking and at first blush,
although the decomposition does not meaningfully improve overall growth forecasts, required
government bond returns curiously appear to be
pro- rather than counter-cyclical, all else equal.
Second, the literature, not to mention the financial media at times, highlights recession “risks”
semantically, but instead primarily if not exclusively focuses on the mean of the growth distribution. Does a narrower slope affect uncertainty
about growth, too, or whether future output may
be increasingly tilted to the downside as opposed
to the upside? Previous studies on the slope are
silent on these fundamental dimensions of “risk.”
To address this void, quantile regressions also
isolate the effects of yield curve factors on the
central tendency, but they also provide a lens on
the so-called higher moments of the real GDP
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forecast density, namely its width and skew. Controlling for current growth and broader financial
conditions, narrower slopes have a greater absolute impact on the left compared to the right
tail of the distributions. However, these isolated
results imply a boost to the width of the projections rather than its balance. And, to some
degree, the estimated anticipated policy path has
a greater effect on symmetric uncertainty than
term premiums. But formal measures of downside
risk, technically speaking so-called conditional
skew or asymmetry, produce ambiguous results
for slope variables. Despite the literature’s preoccupation with recession, there is no consistent
evidence that slope compression deteriorates the
balance of risks. In fact, some yield curve factors
perversely imply that as the slope narrows, the
growth density becomes more favorably skewed
to the upside.
Third, studies are also silent on whether the term
structure has information about shorter-run fluctuations around trend output, or conversely about
much longer-run growth cycles. This distinction
matters in practice. The stronger the higherfrequency effects, the more relevant the term
structure’s signal is for active tactical investors
as well as central bankers who attempt to smooth
the business cycle. Yet, the evidence does not
support this view. Instead, spectral analysis of
the underlying time-series suggests that lowerfrequency cycles, which last 5 years or longer,
largely account for the total variance in both
growth and yield curve factors, as opposed to
shorter time scales of within 2 years, or even
between 2 and 5 years. Moreover, decompositions of the covariance between the term structure
and growth indicate that longer-run cycles primarily drive the relation, rather than short-run
oscillations. This result may help account for
any curious procyclicality of term premiums,
insofar as the standard forecast regressions spuriously absorb common long-run downward trends
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in both required returns and output. However,
any such dismissive inference must also hold
for the raw slope as well as expected policy. In
any case, the preponderance of low-frequency
power implies that any forecast signal from the
term structure is less relevant for myopic and
some longer-run investors alike, as well as perhaps for monetary policy officials deputized to
smooth transitory fluctuations around their policy
goals.

2 Parsing the Slope: Maturities and
Arbitrage-Free-Model Decompositions
Despite some recent progress, the existing literature does not exhaustively parse the nominal
slope along two critical dimensions, including
maturity as well as the decomposition of yields
into expected policy rates and term premiums.
With respect to the former, Engstrom and Sharpe
(2019) report that the near-term forward slope,
rather than the longer-dated spread between 10and 2-year forward rates, includes all the relevant
information for near-term recessions. This finding is highly persuasive, insofar as expectations
embedded in the term structure at any given maturity should correspond closely with the horizon of
forecasted macroeconomic outcomes under consideration. Indeed, 1-year forward rates ending in,
say, 10 years should convey minimal information
about recession risks 1 year ahead.2
However, Engstrom and Sharpe (2019) do
not fully consider the distinction between the
expected-rate component of nominal yields and
term premiums, like a number of other studies
(Hamilton and Kim, 2002; Bauer and Mertens,
2018; Rosenberg and Maurer, 2008; Johansson and Meldrum, 2018; Crump et al., 2017),
which have very different implications for future
real activity. The expected-rate component isolates the transmission of monetary policy, with a

subtlety regarding instantaneous and future policy. Either the very front end leads the inversion,
as the central bank tightens current policy appreciably to restrain future output (Wright, 2006); or
anticipated rates further out the curve decline relative to the immediate policy stance, presumably
in advance of a monetary response to worsening
conditions (Engstrom and Sharpe, 2019). The former emphasis implies a clearer if not mundane
causal channel from immediate policy shocks,
whereas the latter may “demystify” (Engstrom
and Sharpe, 2019) the predictive power of the
curve and simply “mirror” markets’ coincident
expectations for diminished output and lower
short rates.3 Either way, the literature nearly ubiquitously suggests that lower term premiums, even
at the front end (Piazzesi and Swanson, 2008),
should have the opposite effect even though the
term structure flattens, because an exogenous
decline in required excess returns suggests more
accommodative financial conditions, which helps
stimulate output (Wright, 2006).
The existing evidence is somewhat mixed. Bauer
and Mertens (2018) find that the distinction is
largely inconsequential to predictions, Crump
et al. (2017) find that the predictive power owes
largely to the (survey-based) term premium component, and Wright (2006) only finds support
for the hypothesis using forecasts six quarters
ahead, rather than two or four quarters hence.
However, these studies, including Hamilton and
Kim (2002), only focus on the 10-year maturity
and, unlike Engstrom and Sharpe (2019), do not
consider other horizons for both components of
yields.4 Instead, the following comprehensively
parses the yield curve both by maturity and the
decomposition between expected rates and term
premiums.
But to fix bearings first, Table 1 reports results
from OLS predictive time-series regressions at
the quarterly frequency with data from 1973Q2
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Table 1 OLS Regression Coefficients: Growth Forecasts Term Structure Variables 1973Q2–2019Q3.
Horizon
(Quarters):

1

2

3

4

5

6

7

8

10Y–3M
NW t-stat
Adj. R2

0.583
2.3286∗
0.256

0.598
2.2534∗
0.116

0.734
2.3643∗
0.068

1.065
3.1422∗∗
0.093

0.901
2.8283∗∗
0.065

0.853
2.7053∗∗
0.050

0.619
1.668
0.022

0.519
1.469
0.038

2Y–3M
NW t-stat
Adj. R2

0.887
5.3012∗∗
0.260

0.787
3.8508∗∗
0.131

0.975
3.3842∗∗
0.097

1.234
4.5635∗∗
0.145

1.034
4.28∗∗
0.093

0.963
4.0078∗∗
0.082

0.744
2.581∗∗
0.043

0.668
2.5187∗
0.057

5Y–2Y
NW t-stat
Adj. R2

0.245
1.089
0.187

0.290
1.157
0.075

0.344
1.236
0.012

0.675
1.9673∗
0.026

0.632
1.751
0.016

0.588
1.652
0.014

0.444
1.114
0.001

0.378
0.927
0.020

10Y–5Y
NW t-stat
Adj. R2

−0.165
−0.901
0.184

0.020
0.080
0.068

0.008
0.033
0.002

0.151
0.556
−0.009

0.064
0.208
−0.016

0.100
0.298
−0.014

−0.051
−0.129
−0.015

−0.146
−0.397
0.010

E10Y–3M
NW t-stat
Adj. R2

−0.347
−1.336
0.189

−0.139
−0.423
0.070

0.045
0.138
0.002

0.526
1.463
0.006

0.331
1.081
−0.010

0.201
0.631
−0.012

−0.172
−0.415
−0.013

−0.393
−1.040
0.018

E2Y–3M
NW t-stat
Adj. R2

0.203
0.806
0.185

0.181
0.562
0.071

0.361
1.094
0.013

0.880
3.0641∗∗
0.055

0.683
2.8038∗∗
0.023

0.449
0.186
∗
2.0431
0.557
0.003
−0.012

−0.033
−0.122
0.008

TP2Y
NW t-stat
Adj. R2

0.960
4.758∗∗
0.265

0.853
4.6499∗∗
0.134

0.945
4.4229∗∗
0.082

0.955
3.9099∗∗
0.072

0.794
3.0759∗∗
0.040

0.868
3.1224∗∗
0.054

0.746
2.809∗∗
0.036

0.815
3.0127∗∗
0.070

TP10Y
NW t-stat
Adj. R2

0.837
3.8121∗∗
0.24

0.730
4.153∗∗
0.12

0.737
3.6582∗∗
0.05

0.764
3.1025∗∗
0.04

0.724
2.7372∗∗
0.03

0.774
2.6714∗∗
0.04

0.750
2.549∗
0.03

0.798
2.7273∗∗
0.06

*(**) Denotes significance at 5(<= 1) percent level.

through 2019Q3,5 following
gt+h = α̂ + β̂T Xt + β̂S St + ε̂t

(1)

where gt+h is the annualized real GDP growth
rate; X is a vector of control variables that
includes gt and6 the National Financial Conditions Index (NFCI)7 ; and St is alternatively one
of eight yield curve variables of interest, including slope measures from 10 years to three months
(10Y–3M), 2Y–3M, 5Y–2Y, and 10Y–5Y8 ; slope

measures in the estimated expected-rate (or riskneutral yield) components of yields following
Adrian et al. (2013), including the anticipated
expected rate through 10 years minus the 3-month
bill rate (E10Y–3M) and E2Y–3M; and the estimated zero-coupon term premiums at the 2and 10-year horizons (i.e., TP2Y and TP10Y).9
Notably, the forecast horizon h ranges from one
to eight quarters ahead, given some ambiguity in
the literature about precise when any downturn
transpires, and with what probability.
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Consistent with several previous studies, and as
listed in Table 1, β̂10Y −3M is robust with the
expected positive sign and with at least 5% confidence through six quarters, based on Newey–
West standard errors with 12 lags to address the
overlapping nature of forecasts. To focus on the
four-quarter horizon (4QH) as in most studies,
β̂10Y −3M implies a 1.065 percentage-point drop
in growth given a one-standard-error (SE) downward shock to the slope, with an adjusted R2
of 0.093. However, alternative specifications of
Equation (1) raise the suspicion that predictive
power owes largely to the short end of the term
structure. For example, β̂2Y −3M is significant
through 8 quarters with greater t-statistics and is
equal to about 1.234 at the 4QH, with a notably
greater R2 of 0.145. Correspondingly, β̂10Y −5Y
is insignificant at every horizon, which suggests

that most of the relation owes to the front end,
even without controlling for other sections of the
yield curve. Turning to the arbitrage-free-model
decompositions, only β̂E2Y −3M is significant with
the hypothesized sign, yet only from the 4QH
to the 6QH, and neither of the remaining slopes
in expected-rate paths beyond 2 years are robust
and positive. However, each of the term premium
estimates—β̂TP2Y and β̂TP10Y —is positive, curiously as discussed further below, and significant
with at least 5% confidence through the 8QH.10
As such, Equation (1) produces strong evidence
that both shorter maturities and the term premium
component(s) contain the most relevant information for subsequent growth. But to isolate the
effects more precisely and attempt to reconcile
disparate studies, consider expanded regressions

Table 2 OLS Regression Coefficients: Growth Forecasts Term Structure Variables: Specifications with
Expected Rates and Term Premiums 1973Q2–2019Q3.
Horizon
(Quarters):

1

2

3

4

5

6

7

8

Intercept
NW t-stat

2.385
6.8959∗∗

2.396
6.098∗∗

2.602
7.5825∗∗

2.701
10.2198∗∗

2.836
8.6712∗∗

2.787
8.3468∗∗

3.097
7.7739∗∗

3.416
7.4299∗∗

Growth@t
NW t-stat

0.112
1.268

0.116
1.078

0.035
0.366

0.008
0.155

−0.041
−0.525

−0.011
−0.174

−0.117
−1.768

−0.223
−2.2711∗

−1.408
−0.638
−5.5929∗∗ −1.807

−0.139
−0.407

0.114
0.440

0.003
0.013

0.185
0.492

−0.350
−0.913

−0.352
−0.999

1.144
2.6185∗∗

0.507
1.446

0.694
1.489

0.288
0.856

0.150
0.375

−0.564
−1.236

−0.394
−1.075

0.006
0.012

0.437
0.826

NFCI
NW t-stat
E2Y–3M
NW t-stat

0.595
1.955

0.203
0.408

0.095
0.197

0.945
2.5644∗

−0.570
−1.850

0.043
0.092

0.417
0.989

0.145
0.389

TP2Y
NW t-stat

0.708
1.627

1.148
1.792

1.820
3.0378∗∗

1.220
2.5281∗

TP10Y–TP2Y
NW t-stat

0.207
0.438

−0.320
−0.476

−0.930
−1.352

−0.126
−0.231

0.775
1.157

−0.014
−0.029

0.830
1.260

0.370
0.636

Adj. R2
0.273
(E2Y–3M)−0.155
TP2Y t-stat

0.130
−1.190

0.102
−2.132

0.147
−0.351

0.088
1.146

0.066
−0.584

0.039
0.833

0.059
−0.186

E10Y–E2Y
NW t-stat

−0.375
−0.704
0.215
0.339

0.983
2.1138∗

*(**) Denotes significance at 5(<= 1) percent level.
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coincident with investors’ jaundiced outlook for
growth, which in turn would indeed imply a positive coefficient, conditioned on a standard channel
through broader accommodation.12

such as
gt+h = α̂ + β̂T Xt
+

63

β̂E2Y −3M (E2Y − 3M)t


+ β̂E10Y −2Y (E10Y − E2Y )t


expected−rate−component

+ ···

β̂TP2Y TP2Yt + β̂TP10Y −TP2Y
+ε̂t
× (TP10Y − TP2Y )t



term−premium−component

(2)
This specification includes both the estimated
expected-rate path, parsed at the 2-year maturity,
as well as the schedule of term premiums, parsed
at the same tenor. Focusing first on the 4QH, the
primary forecast horizon in the literature, Table 2
indicates that only β̂E2Y −3M and β̂TP2Y are robust
(with 5% confidence) with estimates of 0.945 and
1.220, respectively. Therefore, only the front end
embeds information, and simultaneously longerdated yields add noise, consistent with Engstrom
and Sharpe (2019).11 Yet, both the expected rate
and term premium components are statistically
significant, and a 1-SE term premium shock has a
modestly greater effect on output than an equivalent adjustment to anticipated rates (i.e., by about
0.28 percentage points). Also, again curiously
the sign on the near-dated term premium coefficient(s) suggests that required excess returns are
pro- rather than counter-cyclical.
However, there are strong caveats with the term
premium coefficients. Again, the specification
also includes the contemporaneous value of the
NFCI, and as such, the partial coefficient on
required excess returns does not capture its indirect effects on growth through broader financial
conditions. Plausibly, at times lower term premiums reflect flight-to-quality flows, presumably

But before inferences run too far afield, these
findings are very sensitive to the specification
of h, broadly similar to the results in Wright
(2006). For example, β̂TP2Y is robust and positive from the 2QH to the 4QH as well as the
6QH, whereas β̂E2Y −3M is only statistically significant at the 3QH and 4QHs.13 Furthermore,
again although the correlation between the anticipated rate and term premium components is very
modest (−0.25), Table 2 also suggests that the differences in the coefficients are largely statistically
insignificant (based on the variance–covariance
matrix of the coefficients). Moreover, parsing
the term structure using the ACM model does
not improve the overall fit of the regressions
meaningfully, similar to the results from Bauer
and Mertens (2018) and Johansson and Meldrum
(2018). That is, Equation (2) at the 4QH produces an adjusted R2 of about 0.147, compared to
0.145 reported in Table 1 for β̂2Y −3M at the same
horizon. Model uncertainty regarding the underlying decomposition,14 as well as the notion that
the term premium component nearer the nominal
lower bound likely also absorbs expected unconventional policy measures, perhaps suggest that
the simpler model is as preferable for forecasting. Nonetheless, the nearer-term slope of the
term structure may not exclusively work through
an anticipated policy channel, a so-called “mirror” perhaps, at the complete exclusion of risk
preferences.

3 Is Outright Inversion a Special Case?
Beyond maturities as well as the distinction
between expected rates and term premiums, the
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literature, not to mention the popular press, seems
to highlight outright inversion as a recession
warning, whereas positive slopes convey a clean
bill of health. However, regressions (1) and
(2) clearly specify a continuous linear relation
between yield curve factors and future output,
similar to standard probit models in previous studies. To address the left tails of both the slope and
growth distributions, now consider whether the
relations are more acute, strictly when the slope of

the yield curve becomes negative.15 One simple
read is to augment model (1) with an interaction
term, as in
gt+h = α̂ + β̂T Xt + β̂S St + β̂I,S I(St < 0) +ε̂t



interaction

(3)
where I is a dummy variable that equals 1 if
St < 0 and is set to 0 otherwise. If β̂I,S > 0,

Table 3 OLS Regression Coefficients: Growth Forecasts Term Structure Variables with Inversion Interaction
Terms 1973Q2–2019Q3.
Horizon
(Quarters)
10Y–3M
NW t-stat
Interaction
Term
NW t-stat
Adj. R2

1

2

3

4

5

6

7

8

0.345
1.373
0.752

0.517
1.483
0.253

0.544
1.714
0.586

0.752
1.910
0.957

0.893
2.0783∗
0.025

0.718
2.0066∗
0.409

0.411
1.417
0.629

0.298
1.076
0.666

2.024∗
0.219

0.356
0.098

0.704
0.053

1.252
0.107

0.043
0.053

0.653
0.052

0.668
0.023

0.912
0.038

0.813
3.347∗∗
0.277

0.804
2.3604∗
−0.062

0.829
3.1169∗∗
0.557

1.177
1.151
∗∗
3.3849
3.6004∗∗
0.217
−0.443

0.787
3.8371∗∗
0.669

0.523
2.3918∗
0.838

0.520
2.3081∗
0.561

0.514
0.257

−0.063
0.126

0.549
0.097

0.230
0.141

−0.729
0.091

1.186
0.084

0.730
0.049

0.545
0.056

5Y–2Y
NW t-stat
Interaction
Term
NW t-stat
Adj. R2

−0.324
−1.507
1.754

−0.213
−0.768
1.574

0.001
0.004
1.062

−0.007
−0.021
2.093

0.118
0.291
1.567

0.171
0.458
1.267

0.105
0.269
1.026

0.051
0.150
0.989

2.6485∗∗
0.091

2.4474∗
0.049

2.3087∗
0.034

1.446
0.013

1.346
0.031

10Y–5Y
NW t-stat
Interaction
Term
NW t-stat
Adj. R2

−0.451
−1.932
1.879

2Y–3M
NW t-stat
Interaction
Term
NW t-stat
Adj. R2

2.7833∗∗
0.230

2.4154∗
0.223

2.1679∗
0.109

1.015
0.024

−0.128
−0.503
0.974

−0.066
−0.258
0.483

0.024
0.085
0.825

0.003
0.010
0.394

0.134
0.365
−0.222

0.007
0.017
−0.374

−0.160
−0.388
0.087

1.298
0.075

0.549
0.000

0.919
−0.006

0.486
−0.020

−0.385
−0.019

−0.558
−0.019

0.115
0.004

*(**) Denotes significance at 5(<= 1) percent level.
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the effect on output is greater given inversion,
and if simultaneously β̂S = 0, then the slope only
affects growth when it inverts.
Consider first 2Y −3M, which again produces
the most robust results among the slope factors
reported in Table 1. Briefly, Table 3 indicates
that β̂I,2Y −3M is safely insignificant from zero,
whereas β̂2Y −3M remains just as robust as in
Table 1, similarly through the 8QH, and notably
without an improvement in the adjusted R2 .
The estimates for β̂I,10Y −3M and β̂I,10Y −3M , or
for β̂I,10Y −5Y and β̂I,10Y −5Y , similarly suggest
no such effect from outright inversions. That
said, the results for 5Y −2Y do imply some nonlinearity, as only β̂I,5Y −2Y rather than β̂5Y −2Y is
positive and robust with at least 5% confidence for
the 1QH and the 2QH as well as from the 4QH
through the 6QH, with an increase in overall fit
compared to the results in Table 1. Notwithstanding this outlying result that outright inversion
toward the “belly” of the curve is a special signal, estimation of Equation (3) largely confirms
the continuous or linear nature of the relation, for
those maturities that are the most significant in
the literature.
4 Quantile Regressions and Higher
Moments Around Growth Forecasts
The previous section as well as the bulk of the
literature only focuses on the central tendency
of recession probabilities, not downside “risks”
strictly speaking. Indeed, even standard limiteddependent variable techniques, such as popular
probit models, cannot evaluate how yield curve
factors affect higher moments of the (conditional)
distribution of future output. Routine specifications such as Equations (1)–(3) ultimately say
nothing about the balance of risks around forecasts.
Following Adrian et al. (2019) and subsequent
studies that consider a wider range of financial
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variables (Adrian et al., 2018; Duprey and Ueberfeldt, 2018), this section estimates the partial
effects of yield curve factors on the distribution
of growth forecasts.16 Quantile regressions afford
inferences about higher moments, beyond estimated effects on the mean forecast. If indeed yield
curve inversions comprehensively signal pernicious effects on real activity, the data should
confess to not only a mean negative correlation
with lower output, but also greater uncertainty as
the slope narrows, as well as increased conditional
downside skew.

There are several technical references on quantile regression (e.g., Koenker and Hallock, 2001).
The basic design in this section is to augment
closely the quantile regressions in Adrian et al.
(2019) by isolating the effects of yield curve factors, conditioned not only on current growth but
also a broader measure of financial conditions,
the NFCI.17 The left panel of Table 4 shows the
schedule of partial quantile regression betas for
the yield curve factors along the distribution of
GDP growth from the 5th, 25th, 50th, 75th, and
95th percentiles of the 4QH growth forecast distribution. The coefficients generally decline from
the left to the right of the density, as also illustrated
in Chart 1 for the factors 10Y–3M, 2Y–3M, E2Y–
3M, and TP10Y. Also, as Charts 2 and 3 show, the
gaps between the partial betas estimated at the 5th
and 95th percentiles (or alternatively, θ = 5 and
θ = 95) are largely positive for forecast horizons beyond four quarters for 2Y–3M and TP2Y,
respectively. These findings strictly suggest larger
term structure effects at the lowest levels of real
activity, which at first blush may suggest particularly acute impacts on recession risks. For
example, the coefficients on 2Y–3M suggest that
a 1-SE drop in the slope pushes the 5th percentile
of growth down by about 1.35 percentage points
(Q5), compared to a 0.45 percentage-point drop
in the 95th percentile with the same shock (Q95).
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Table 4 Partial Quantile Regression Coefficients: Term Structure Variables
Growth Forecasts: 4-Quarter Horizon 1973Q2–2019Q3.

Q5
Q25
Q50
Q75
Q95
Width Q75–Q25 (%)
Width Q95–Q5 (%)
Bowley Skew Q75–Q25
Bowley Skew Q95–Q5

10Y–3M

2Y–3M

E2Y–3M

TP2Y

TP10Y

1.93
1.07
0.64
0.39
0.19

1.35
1.21
1.04
0.89
0.45

2.16
0.75
0.47
−0.28
0.39

1.37
0.96
0.73
0.71
0.79

1.32
0.70
0.57
0.53
0.51

−0.68
−1.74
−0.24
−0.48

−0.32
−0.91
−0.06
0.31

−1.03
−1.78
0.46
−0.90

−0.25
−0.58
−0.82
−1.19

−0.17
−0.81
−0.50
−0.83

Chart 1

To be more precise about the marginal effects
on the moments of the distribution, formal measures of width and skew are necessary.18 The
bottom panel of Table 4 reports the partial contributions of the yield curve factors to the so-called
interquartile range, the gap between the 25th and
75th percentiles, as well as further toward the
extremes, the 5th and 95th percentiles. To review
Table 1, a 1-SE decline in the 2Y–3M slope
corresponds to about 1.23-percentage-point drop

in output. The partial quantile regression coefficients listed in Table 4 imply that the same shock
to 2Y–3M produces 0.32 and 0.91 percentagepoint increases in the width of the distribution as
well, based on the interquartile range and the 5th
and 95th percentiles, respectively. Also, the popular 10Y–3M slope measure produces even larger
effects, with about 0.68 and 1.74 percentagepoint partial boosts, respectively, amid 1-SE
contractions.
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Chart 2

Chart 3

Also, although anticipated rates and term premiums seem to have generally similar impacts on
mean growth forecasts, Table 4 suggests that the
expected-rate component has a notably greater
effect on uncertainty. For example, a 1-SE shock
to the E2Y–3M increases the widths by about 1.03

and 1.78 percentage points. However, the corresponding estimates for TP2Y imply only 0.25 and
0.58 percentage point widenings, respectively.19
Therefore, although the components may have
similar effects on mean growth, the expectedrate component appears to have a somewhat
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greater impact on this symmetric dimension of
“risk.”
Of course, the sheer width strictly does not distinguish between upside and the downside risks.
Arguably, with a focus on outright recession
indicators, much of the literature insinuates that
narrowing slopes have a particularly pernicious
impact on the left tail, relative to the central
tendency and corresponding right tail of the density. Therefore, metrics following Bowley (1920)
capture conditional skew (or asymmetry), and
the following discussion again focuses on the
interquartile range and the extremes.20
Table 4 suggests that, whereas the estimates for
the marginal contributions of term structure factors to the width convey a consistent story, the
results with respect to downside skew are ambiguous, even just at the 4QH. True, the estimated
impact of 2Y–3M on skew at the extremes does
follow intuition, insofar as skew becomes more
negative as the slope narrows, based on the positive estimate of the marginal contribution with
respect to the 5th and 95th percentiles. However,
the partial effect on skew at the interquartile range
is close to zero, −0.06. Also, the corresponding

estimates for 10Y–3M (−0.24 and −0.48) suggest that the perverse result that slope contraction
increases downside recession risk(s). And, the
ambiguity extends to the decomposition of yields
into expected rates and term premiums. Based
on TP2Y, forecasted 4QH skew improves when
the term premium declines, which seems broadly
consistent with counter-cyclicality, but the partial contribution of E2Y–3M for the interquartile
range is positive as expected but negative for the
extremes.
5 Toward the Full Distribution of Future
GDP Growth and Contemporary
Forecasts
The preceding analyses using OLS and quantile regressions produce evidence germane to the
conditional mean, width, and skew of real GDP
growth forecasts, without assumptions about the
precise underlying distribution. An additional
step produces formal conditional recessions risks,
following similar calculations in Adrian et al.
(2019). That is, the full conditional density follows a skewed t distribution, interpolated from the
estimated QF for each observation (Adrian et al.,
2019; Azzalini and Capitanio, 2003). Chart 4
shows the time-series of conditional GDP growth

Chart 4
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forecast densities, given the estimated QF for
the 2Y–3M slope measure over the sample. The
historical recession odds—defined not by NBER
dating but by strict contraction in output, namely
the cumulative probability that growth < 0 at the
4QH—are shown in Chart 5 for 10Y–3M, 2Y–3M,
E2Y–3M, and TP10Y.21 Considering the projections during a recent period when the narrow
slope of the term structure is a persistent fixture
in the popular financial press,22 Chart 6 shows
the implied four-quarter-ahead recession odds,
circa November 15, 2019.23 The probabilities as
28, 22, 4, and 25% again using 10Y–3M, 2Y–
3M, E2Y–3M, and TP10Y, respectively.24 The
narrowing slopes and lower term premiums near
the end of the sample, ubiquitously shift down
the mean and widen the estimated distributions.
But, besides the effect of 2Y–3M on the width
between the extremes, none of the factors worsen
the conditional downside risks per se.
6 Spectral Analysis
Macroeconomists have long used spectral analysis for stationary time-series of real variables, but
surprisingly not in this literature. Methods such as
the discrete Fourier transformation (DFT) of data
sampled at fixed intervals, including these quarterly observations on yield curve factors and real
GDP growth, isolate trends of distinct frequencies
over time often hard to see from raw timeseries.25 Re-examining the relation between the
term structure and expansion with the DFT affords
inferences on whether the yield curve primarily
embeds information about transitory fluctuations
in real activity, which may be relevant to myopic
financial market participants, as well as germane
to policymakers tasked with dampening volatility around secular output trends. Alternatively, the
term structure may contain information regarding
longer-run growth, possibly well beyond the horizons of most investors or arguably the mandate of
central bankers.26

Of course, the yield curve could provide signals about future output at both extreme time
scales. Yet, before isolating the direct relation(s) in the frequency domain, first consider
the spectral decompositions of the underlying
series. Chart 7 shows the decomposition of the
underlying growth series, as also decomposed in
Chaudhuri and Lo (2016). The red (blue) line is
the HF (LF) component of the series, defined
as cycles that transpire within 2 years (cycles
that last at least 5 years). Regarding the relative
importance of different time scales, the spectral
decompositions suggest that the LF (HF) cycles
account for about 47% (29%) of the total overall
variance in GDP growth over the sample, whereas
medium-frequency (MF) cycles—which last at
least 2 years but less than 5 years—account for
the remaining 24%.
Perhaps surprisingly, LF cycles contribute even
more to the total variance of the yield curve
factors than to variance in real GDP growth, sampled quarterly.27 Chart 8 shows the corresponding
decompositions for 2Y–3M as a key example. The
contributions to overall variance for HF, MF, and
LF cycles are 11, 14, and 75%; 24, 20, and 56%;
and 9, 9, and 83%, respectively. The relatively
larger contribution of HF and MF cycles to the
volatility of 2Y–3M seems intuitive, given that the
shorter-end of the term structure more precisely
embeds information about near-term policy. Even
so, the spectral analysis indicates that over half
(56%) of the fluctuation in this proxy for the
cyclical path of monetary policy owes to times
scales of at least 5 years duration. Nonetheless,
the substantial contribution of LF cycles for all
variables in this study may suggest that the econometric results in the previous sections, as well as
in existing studies, trace more to an LF association
between the term structure and expansion.
Table 5 explores this possibility and summarizes
the spectral decompositions of the covariances
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Table 5 Spectral Decompositions Shares of
Total Covariances with Real GDP Growth High
(medium) [low] frequency defined as 1 cycle every
<= 8(8 <= 20)[> 20] quarters 1973Q2–2019Q3.
High
Frequency
Growth
NFCI
3M
10Y–3M
2Y–3M
5Y–2Y
10Y–5Y
E10Y–3M
E2Y–3M
E5Y-E2Y
E10Y-E5Y
TP2Y
TP5Y
TP10Y

47%
10%
25%
5%
12%
11%
35%
12%
8%
28%
19%
16%
7%
14%

Medium
Frequency
24%
31%
28%
6%
12%
42%
54%
4%
22%
38%
29%
0%
11%
10%

Low
Frequency
29%
58%
47%
88%
76%
47%
11%
84%
70%
33%
52%
83%
82%
77%

between growth and each term structure variable.
As the last column indicates, most of the covariance between yield curve factors and growth,
measured contemporaneously over the full sample, owes to cycles of duration greater than 5
years. For example, the estimates for the share
attributed to LF cycles for 10Y–3M, 2Y–3M,
E2Y–3M, and TP2Y are 88, 76, 70, and 83%,
respectively. Conversely, HF cycles of spans less
than or equal to 2 years account for only 5, 12, 8,
16% of the covariance with growth, respectively.
As such, as least with respect to absolute magnitudes, LF phenomena as lengthy as 5 years or
longer, rather than short-run fluctuations, largely
drive the relation.
To be more precise about the direction of the
covariances, rather than the contribution to the
magnitude of the covariances, band-spectrum
regressions (Engle, 1974), which in effect follow

Equation (1), yet delineate both the right- and lefthand sides across frequency bands. That is, the
models separately assess the relationships across
high, median, and low frequencies, with the same
basic specification of future growth. If, for example, the coefficient on 2Y–3M decreases from
high, medium, to low frequencies, then the nearterm slope has more information about longer-run
growth than more transitory fluctuations in real
activity.
Indeed, consistent with the covariance decompositions, the directional effects are largely more
pronounced at the LF band, again beyond 5
years duration, surveying Table 6. Specifically,
at the 4QH, the estimates follow 0.87, 0.44, and
1.88 across the frequency bands, and notably
the medium-frequency estimate is statistically
insignificant from zero. Also, based on the
Table 6 Band-Spectrum Regression Coefficients
Real Growth Forecasts: Term Structure Variables
4-Quarter Horizon High (medium) [low] frequency
defined as 1 cycle every <= 8(8 <= 20)[> 20]
quarters 1973Q2-2019Q3.
Frequency

High

Medium

Low

10Y–3M
NW t-stat
Adj. R2
2Y–3M
NW t-stat
Adj. R2
E2Y–3M
NW t-stat
Adj. R2
TP2Y
NW t-stat
Adj. R2
TP10Y
NW t-stat
Adj. R2

0.65
1.73
0.01
0.87
2.1394∗
0.01
1.49
1.9907∗
0.02
0.79
1.30
−0.01
0.33
0.84
−0.01

0.59
1.83
0.38
0.44
1.01
0.36
1.84
1.90
0.40
0.27
0.27
0.35
−0.20
−0.31
0.35

0.72
3.581∗∗
0.66
1.88
3.6601∗∗
0.68
0.76
0.99
0.50
1.31
3.101∗∗
0.59
0.57
3.0538∗∗
0.58

*(**) Denotes significance at 5(<= 1) percent level.
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Chart 9

Newey–West t-statistics listed in the tables, as
well as illustrated in Chart 9, every LF partial
band-spectrum coefficient is robust through the
8QH, whereas among the remaining HF and MF
band-spectrum regressions, every estimate except
the 4QH HF parameter is statistically insignificant. Again, Table 1 indicates that 2Y–3M is
the more robust correlate, but the band-spectrum
regressions produce qualitatively similar results
for the more common 10Y–3M spread. The
LF estimates are significant through the 8QH,
whereas neither of the higher frequencies produce a significant result with the anticipated
sign beyond the 4QH. The arbitrage-free model
decomposition does complicate the results somewhat, insofar as few estimates are consistently
positive and robust for any frequency band for
E2Y–3M. Then again, the estimates of the impact
of the term premium, including TP2Y as shown
in Chart 10, again suggest that the LF bandspectrum coefficients are robust through the 8QH,

and the corresponding results across the HF and
MF bands are insignificant or inconsistent.

The implications are somewhat mixed. For
investors, insofar as term spreads far more reliably signal much longer- as opposed to shorterrun real activity, any relevant information seems
useful only for market participants with the
longest strategic allocations, rather than tactical traders. Regarding policymakers, recessions
since the Second World War vary considerably
in severity, spacing, and duration. Moreover, the
divisions of the HF, MF, and LF bands are ultimately arbitrary—expansion following the Great
Recession in the U.S. extended well beyond the
5-year demarcation of LF cycles. Even so, the
results for central bankers still imply that even the
near-term slope, 2Y–3M, is less germane to temporary fluctuations around potential output and
arguably more relevant toward “trend” expansion,
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Chart 10

however precisely defined with respect to time
scales.
Also, the fact that LF cycles account for most
of the covariance between the term structure
and growth may raise some general econometric doubts, namely given few business cycles
in this necessarily short sample. For example,
the spectral analysis may help explain away the
somewhat curious findings in Table 1 regarding the procyclicality of term premiums. That
is, a reasonable interpretation is that LF behavior
largely drives the OLS forecast regression results,
namely between the underlying longer-run trend
in real GDP growth and the downward trajectory in the term premium from the late 1980s.
Then again, the HF bands hardly produce consistent evidence of counter-cyclical term premiums,
after all. And, dismissing the LF results for term
premiums, but not the remaining term structure

variables, would be selective and inconsistent.
Instead, a more even assessment is that the substantial contribution of LF phenomena may cast
doubts on all the results, considering the dearth
of complete business cycles in these data.
7 Conclusions
Summing up, the front end of the yield curve—
both the anticipated-rate and term premium
components—seems to help forecast mean GDP
growth, as well as to affect meaningfully the width
around the projection. However, term structure
variables do not appear to project downside recession risks per se, notably out to eight quarters.
Therefore, the common insinuation in the literature, not to mention the financial media, that
inverted yield curves especially portend output
contractions is imprecise and somewhat misleading. Also, long-run cycles of at least 5
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years duration largely account for the covariances
between yield curve factors and growth. Any
relation between the slope and growth is less relevant for myopic investors as well as policymakers
charged with smoothing higher-frequency fluctuations around trend output, and the large share of
LF power arguably draws critical attention to the
short samples on which this literature rests.28

75

to capital-market-based capital intermediation
(Hall, 1986), as in the U.S. (and the UK). However, stronger correlations of slopes and recession
odds for bank-based systems do not appear in the
data,29 but an extension of the sample with additional countries might shed more understand on
why the statistical relation seems persistent.
Acknowledgements

There are a few more caveats. For example,
although perhaps useful for narrower hypothesis testing, these analyses fall well short as a
comprehensive GDP forecasting tool. With only
current GDP growth on the right-hand side, these
forecast regressions are likely underspecified.
Again, spectral analysis produces robust results
for LF time scales of growth, and the longerrun growth literature even decades ago produced
dozens of correlates (Levine and Renelt, 1992;
Sala-i-Martin, 1997). Moreover, the preceding
does not evaluate all financial variables exhaustively, and instead includes a common financial
conditions index as a control in every specification. More thorough feature selection among
a wider set of financial variables, from credit
spreads to financial vulnerability measures, may
be instructive.

Head of Global Asset Allocation, Cornerstone
Macro LLC in New York, NY, USA. Tel.: 212257-4980; E-mail: bdurham@cormacteam.com.
Without implicating them in any remaining errors,
the author thanks Jonathan Wright and an anonymous referee for comments. The information has
been obtained or derived from sources believed by
the author to be reliable. However, the author does
not make any representation or warranty, express
or implied, as to the information’s accuracy or
completeness, nor does the author recommend
that the information serve as the basis for any
investment decision. This article does not constitute an offer or solicitation of an offer, or any
advice or recommendation, to purchase.
Endnotes
1

But perhaps the worst shortcoming is that the literature remains long on empirics and short on
compelling intuition. The “correlation-causation
fallacy,” cum hoc ergo propter hoc, lingers.
Despite emphasis on “prediction,” few studies
that examine the slope and growth outline persuasive causal mechanisms, beyond the standard
expectations hypothesis and the transmission of
monetary policy. An exception may be the banklending channel, as narrower slopes squeeze net
interest margins of institutions that borrow at
short maturities to finance longer-dated assets.
Even so, this mechanism should be more apparent in continental European or other countries,
which historically rely more on bank- as opposed

2

3

4

Another literature examines lag-lead relations in reverse
and addresses supposed violations of the “spanning
hypothesis,” whereby macroeconomic variables instead
forecast future interest rates, conditioned on the current
term structure. See Bauer and Rudebusch (2017).
However, the well-documented “excess sensitivity puzzle” of distant-horizon forwards suggests that distanthorizon forward rates overreact to macroeconomic news
(Gürkaynak et al., 2005).
That said, this latter view may imply that more accommodative policy does not necessarily stave off recession
on average, insofar as the data indicate that inversions
(driven by longer-dated expected rates) tend to precede
output contractions.
With respect to the term premium, for example, Wright
(2006) reports the results from the average over the
“return forecast factor” (Cochrane and Piazzesi) from
2 to 5 years.
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The sample starts in 1973, given the availability of the
NFCI. Some studies also end the sample before the policy response to the global financial crisis to avoid the
nominal lower bound period in the first half of the 2010s.
Hamilton and Kim (2002) find that including additional
lags of growth does not substantively affect the results.
The correlation between the NFCI and 3M is highly
positive (0.61), and Equation (1) therefore resembles
studies such as Wright (2006), which include the short
rate explicitly. More important, Adrian et al. (2019) find
that the NFCI has the greater effect on the conditional
GDP forecast distribution, over and above the estimate
impacts of other financial variables such as stock market volatility and corporate bond spreads. Therefore,
including the NFCI is an efficient way to control for
confounding financial variables and to isolate the partial
coefficients on term structure factors.
Full results for the 3-month (3M) bill rate, the 1Y–3M,
E5Y–E2Y, E10Y–E5Y, and TP5Y are also available on
request, as well as estimates through the 12QH. Also,
Johansson and Meldrum (2018) succinctly parse the
term structure using its first three principal components,
which does not necessarily afford a more precisely
matching of maturities and macroeconomic forecast
horizons.
Daily updates on the arbitrage-free decomposition of
yields based on Adrian et al. (2013) are available
from https://www.newyorkfed.org/medialibrary/media/
research/data_indicators/ACMTermPremium. The yield
curve factors are observed on the last day trading day of
the quarter.
Regressions such as Equation (1) are not the standard
methodology for determining term premium cyclicality. Studies typically regress contemporaneous estimates of term premiums on measure of inflation and
growth uncertainty and, say, NBER recession dummy
variables. Moreover, the results are hardly conclusive. For example, Wright (2011, Table 4, p. 1528)
reports, if anything given an international panel, negative partial coefficients on the recession indicator.
Also, Bauer et al. (2014, Table 3, p. 334), find statistically insignificant coefficients on growth, but do
find evidence of counter-cyclicality using recession
indicators and the OECD’s Composite Leading Indicator. Finally, although counter-cyclicality is perhaps
received wisdom, flight-to-quality flows naturally and
to the contrary suggests procyclicality, which Bauer
et al. (2014, p. 334) dismiss as unlikely to prevail
in the longer run. Nonetheless, at least given equity
returns as a flawed lens on (anticipated) consumption

11

12

13

14

growth, Durham (2020) reports using spectral analysis
that the increased negative correlation between returns
on nominal U.S. Treasuries and the S&P 500 over recent
decades is consistent across not only short-run cycles but
also on longer-run cycles, which crudely implies some
persistence in procyclical FTQ episodes.
Note that 2Y–3M and TP2Y are positively correlated
(0.79), but the correlation between E2Y–3M and TP2Y
is −0.25. Also, the correlations among ACM term premium estimates are very high, including between TP2Y
and TP10–TP2Y (0.83), which of course complicates
estimation of the term premium components in Equation (2). (The complete correlation matrix is available
on request.)
Although term premium estimates are highly correlated
along the term structure, on average unconditionally,
arguably severe flights-to-quality may generate a very
negative correlation at times, as investors shed not only
credit but also duration risk and thereby boost required
excess returns at the back end relative to the front. Also,
subdued term premia, and low risk premia in general,
may coincide with the risk-taking phase of the credit
cycle, which would also imply a positive correlation
between term premiums and growth. However, again
the regressions control for the NFCI index, and theACM
term premium estimates are largely orthogonal to the
“excess bond premium” (EBP) measure from Gilchrist
and Zakrajšek (2012), based on monthly observations
from January 1973 through August 2016. Also, the correlation between the NFCI and the EBP during the same
period is modestly positive, at 0.38.
The low number of complete cycles in the sample is
hard to overstate, as well as the possibly outlying experience of the global financial crisis, which was preceded
by “the conundrum” period and declining term premiums. Tellingly, studies distributed on the cusp of
the Great Recession tend to dismiss the contemporary
signal from compressed spreads, precisely referencing
term premium counter-cyclicality. See Wright (2006,
p. 10), for example, on implications with respect not
only to the U.S. but also to the UK and Australia. However, with the benefit of hindsight, compressed spreads
(and lower-term premiums) in the mid-2000s nonetheless preceded the global financial crisis, which of course
informs updated econometric estimates.
Indeed, even leaving aside the wide confidence intervals
around estimates (Wright, 2011), measures of term premiums differ among these studies. For example, Wright
(2006) uses the return forecast factor, Hamilton and Kim
(2002) use a two-factor arbitrage-free model of the term
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16

17

structure (as well as volatility measures), and Johansson
and Meldrum (2018) use the Kim–Wright (2005) model.
Bauer and Mertens (2018) suggest that there is “something special” about negative spreads, and they show
that inversions as a “critical threshold” strictly preceded
the three most recent recessions. Nonetheless, spreads
enter the underlying probit models that they reference
linearly.
See IMF (2018) for an initial general application of these
methods with respect to the term structure within the
“growth at risk” framework. Also, Adrian et al. (2019)
report quantile regression coefficients for a single measure of the term spread, as well as measures of equity
volatility and credit spreads, for the 1QH and 4QHs, as
alternatives to NFCI.
In this application to growth, g, and following previous
applications of quantile regressions, the θth regression
quantile is any β that solves
min
β

18

19

20

22
23

25
26

27

28

t=1

where Xt includes an intercept and all the independent
variables, T is the time-series sample size, and I(·) is the
indicator function. The following estimates the quantile
function (QF) at the 5th, 25th, 50th, 75th, and 95th
percentiles of the growth distribution.
Formally, the conditional width of the distribution at a
given point, Ŵθ |gt , follows Q̂θ |gt − Q̂100−θ |gt , or the
difference between the fitted quantiles.
Similarly, the partial effects on the width of E5Y–E2Y
and E10Y − E5Y, not shown, are clearly larger than the
corresponding estimates for TP5Y and TP10Y.
To be precise, and the skew of a given (fitted) quantile
of growth, K̂θ |gt , follows
K̂θ |gt =

21

T
1
[θ − I(gt < Xt βθ )][gt < Xt βθ ]
T

24

(Q̂θ |gt − Q̂50 |gt ) − (Q̂50 |gt − Q̂100−θ |gt )
Q̂θ |gt − Q̂100−θ |gt

where Q̂θ |gt is again the fitted value from the quantile
regressions for a given quantile.
Charts that show the full-sample estimates of Ŵ95 |gt and
K̂95 |gt for these term structure variables are available
on request.
For example, see “Inverse Psychology,” The Economist,
November 16, 2019.
The (daily) updated forecasts include current readings of
the NFCI and the latest end-of-day slope factors, as well
as GDP Now (https://www.frbatlanta.org/cqer/research/
gdpnow) as the measure of current (quarterly) GDP
growth.

29

77

The historically low and negative level of term premiums at the end of sample concomitantly imply that
E2Y–3M is positive, which in turn produces low odds
on a contraction in output for November 15, 2019.
See standard time-series texts (Hamilton, 1994) or
Chaudhuri and Lo (2016) for details on spectral analysis.
As an example of the potential relevance of frequencies
to this question, recent survey data cited in Johansson and Meldrum (2018) suggest that lower yields on
longer-dated maturities coincide with anticipated lower
equilibrium real GDP growth, rather than near-term
recession risks.
These results on the level of spreads sampled at a
quarterly frequency broadly differ from spectral decomposition of daily returns (rather than quarterly levels of
spreads) on U.S. Treasuries along the term structure. As
with stocks (Chaundhuri and Lo, 2015), Durham (2020)
finds that most of the variation in bond returns owes to
higher-frequency cycles of less than 5 days duration.
Wright (2006) notes that the limited sample inhibits
consideration of sample breaks, possibly motivated
by meaningful developments in Federal Reserve transparency and secular trends in interest rates, but he
reports no robust evidence of parameter instability.
Estrella and Mishkin (1997) do not discuss this subtlety
but do report that the effect is largely most pronounced
in the U.S. as opposed to other European markets, even
where bank lending comprises a larger share of financial
intermediation.
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