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In recent months, the inversion of the yield curve —long-term bond yields below
short-term interest rates—has sparked fears of an imminent recession risk for the US
economy, and has reignited the debate on how to best use financial variables to predict
recession risks. The workhorse statistical model used to estimate the probability of a
recession is typically a probit model, with independent variables constructed using data
from the Treasury and corporate bond markets (see for example Engstrom and Sharpe,
2019; Johansson and Meldrum, 2018; and Favara, Gilchrist, Lewis, and Zakrajsek, 2016).
To assess the adequateness of these models, it is customary to rely on the in-sample
coefficient of determination (R?) to determine the goodness of fit. As policy makers take
their decisions in real-time, however, in-sample R?can be misleading in gauging the
usefulness of a given model.

This memo discusses the out-of-sample (OOS) performance of a few probit models
used by Board staff to assess the likelihood that the U.S. economy will be in a recession
within the following year. We find that bi-variate probit models that use a measure of
term spread and the excess bond premium (EBP) of Gilchrist and Zakrajsek (2012)
performs well OOS across estimation and evaluation subsamples, while accounting for
measures of the term premiums does not lead to an improvement of OOS performance.
We also find that when estimating the probability of transitioning into a recession—and
therefore not evaluating model performance when the economy is already in an
recession—the OOS performance of models using measures of the term spread, the level
of rates, and the principal components of the yield curve increase significantly, while the

1 We thank Min Wei and Giovanni Favara for helpful comments.
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OOS performance using EBP alone decreases significantly. As of Sep 2019, models with
a spread and the EBP as independent variables estimate that the probability of being in
recession at some point over the next 12 months is about 40 percent, while the probability
of transitioning into a recession over the next 12 months implied by these models is

between 60 and 65 percent.

Models and data

We estimate nine probit regression models using monthly data. The dependent
variable is an indicator variable that is equal to 1 if the US economy is in a recession at
any time over the next 12 months, and is 0 otherwise.? The independent variables
include eight commonly used recession predictors from the Treasury and the nonfinancial
corporate bond markets: two measures of the slope of the yield curve (the “long-term
spreads” and the “near-term forward spread”), one measure of risk sentiment in the
corporate bond market, the first three principal components of the yield curve, the yield
on the three-month Treasury bill, and the 10-year term-premium estimated using the
Treasury yield curve.

The long-term spread (TS)—the difference between the 10—year and 3—month
Treasury yield—is commonly regarded as the best signal of impending recessions
(Estrella and Mishkin, 1998; Ang, Piazzesi and Wei, 2006; Rudebusch and Williams,
2009). The near-term forward spread (NTFS) of Engstrom and Sharpe (2019)—the
difference between the 3-month forward rate six quarters ahead and yield on the three-
month T-bill—is a measure of market expectation for the near term direction of monetary
policy. The EBP of Gilchrist and Zakarajsek (2012)—the component of corporate bond
spreads in excess of an estimate of the compensation for expected losses from corporate
defaults—is a measure of investor sentiment in the corporate bond market. The first
three principal components of the term structure of Treasury yields as in Johansson and
Meldrum (2018) and the level of the three month Treasury bill as alternative measure of
the level factor. The term premium (TP) for Treasury securities with 10-year maturity—

2 The dating of recessions follows the NBER convention. In particular, we use the “NBER based Recession
Indicators for the United States from the Peak through the Trough” from FRED. For the quarterly models,
we define a quarter to be in a recession if the monthly NBER indicator is equal to 1 for at least two months
in the quarter.
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estimated by Adrian et al. (2013)—is the compensation that investors require for bearing
the risk that short-term Treasury yields do not evolve as expected.® The sample period
goes from February 1973 until today.

Our OOS methodology consists of reestimating the models every month adding one
monthly observation at the time.* We do so to simulate the prediction that would have
been available to policy makers at each point in time®. We estimate seven models, three
univariate models with the TS, NTFS and EBP; three bivariate models with TS and TP,
TS and EBP and NTFS and EBP; and one model with three dependent variables TS, TP,
and EBP.

Performance evaluation: the receiver operating characteristic curve
We use the model estimates of recession probabilities to forecast the occurrence of a
recession in the coming year. We therefore evaluate the performance of the models as
binary classifiers. For this purpose, we use the receiver operating characteristic (ROC)
curve introduced in the 1950’s in the field of radar signal detection theory, and applied in
economics to recession dating and forecasting by Berger and Jorda (2012), Christiansen
et al. (2013), Liu and Moench (2016).°
The ROC curve is constructed as follows. Let Y; € {1,0} be a binary variable
indicating whether the U.S. economy will be in recession at some point in the next 12
months. Let p, be the OOS probability of recession implied by a model we are interested
in evaluating (for example a probit model). Probability p, together with the threshold ¢ €
[0, 1] define a binary prediction of a future recession whenever p, > ¢, and expansion
whenever p; < c.
We estimate the following conditional probabilities:
TP(c) = P[pe =2 c|Y; = 1]
FP(c) = P[p: = c|Y; = 0]

3 Using Kim-Wright term-premium estimates (starting in 1980) yields similar results.

4 The sample used for the first estimation runs from February 1973 to February 1978.

5> We present results from exercises using NBER recession dates as if known in real-time, however, we note
that this is not true in reality. We find that the results tend to be generally robust when this informational
lag is also accounted for. Also, for the TP we use the latest available estimates, instead of reestimating the
TP model every month.

& Other measures of forecasting accuracy, such as the root mean square error, the mean absolute error or the
log probability score, are available for binary classification. However, they rely on the specification of an
underlying forecast loss function. The main advantage of the ROC curve is that it is a direct plot of the
entire space of trade-offs for a given classification problem and it is not tied to a specific loss function.
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For threshold c, TP(c) is the “true positive rate” and FP(c) is known as the “false
positive rate”.

The ROC curve plots the entire set of possible combinations of TP(c) (on the y-axis)
and FP(c) (on the x-axis) for all values of c¢. By definition, forc = 1,TP(1) = FP(1) =
0, and conversely, when ¢ = 0,TP(0) = FP(0) = 1, so that the ROC curve is an
increasing function in [0,1] x [0,1] space. If p; is unrelated to the variable of interest Y;,
and is an entirely uninformative classifier—for example, tossing a fair coin to make the
forecast—TP(c) = FP(c), for all ¢, and the ROC curve would be the 45° line, a natural
benchmark with which to compare classifiers. On the other hand, if p, is a very good
classifier, then the ROC curve would display values of TP(c) close to 1 and FP(c) close
to 0 forall c € (0,1).

A commonly used measure of the trade-offs contained in the ROC curve is the area
under the ROC curve (AUROC) where a perfect classifier has AUROC = 1, whereas a
coin-toss classifier has AUROC = 0.5. AUROC is equal to the probability that the value
of p, conditioned on Y; = 1, is greater than the value of p, conditioned on Y; = 0. This
implies that the higher the value of AUROC the better probability p implied by the model

of interest (for example a probit model) is able to discriminate the two categories in Y.’

Results

Table 1 provides the OOS performance comparison of the seven models, as
measured by the AUROC, and provides confidence intervals for this summary statistic.
We find that, using a bivariate model with both a measure of spreads and the EBP as
explanatory variables displays the highest OOS forecasting power. Models that use TS or
NTFS have similar OOS performance. Models using principal components or adding the
level of the short rate or TP do not improve the forecasting ability.

A univariate probit model with EBP significantly outperforms the two other
univariate models using term spreads. As discussed further in the robustness section
below, this is likely driven by the ability of EBP to provided forecasting power when in

or immediately before recessions.

" The literature provides an easily implementable non-parametric statistic to estimate AUROC, with an
asymptotic Gaussian distribution that allows us to compare the classification ability across models.
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For comparison we also include AUROC values for the in-sample estimates of the
models, estimated with data up to August 2019. We also include estimated probabilities
of recession as of September 2019 for each model. Models with only spreads have
probabilities of recession of around 60 percent while models with spreads and the EBP

estimate the probability of recession at around 40 percent.

Table 1: OOS Performance of recession probability models for the

U.S. economy being in a recession over the next 12 months
Model Out-of-Sample In-Sample Prob. as of

AUROC AUROC Sep. 2019

TS 0.61 0.74 0.62
0.52, 0.70]  [0.69, 0.79]

NTFS 0.66 0.74 0.60
0.57, 0.74]  [0.68, 0.79]

EBP 0.77 0.80 0.10
[0.70, .85] [0.75, .84]

TS + TP 0.57 0.81 0.21
0.47, 0.66]  [0.76, 0.85]

TS + EBP 0.82 0.90 0.42
0.75, 0.88]  [0.87, 0.93]

NTFS + EBP 0.86 (.88 0.36
0.80, 0.91]  [0.85, 0.92]

TS + TP + EBP 0.77 0.92 0.10
[0.69, 0.85]  [0.89, 0.94]

Tsy 3PC 0.51 0.82 0.25
0.44, 0.58]  [0.77, 0.86]

TS + T. Bill 0.53 0.78 0.38

0.45, 0.60]

(0.73, 0.83]

Notes: measured as AUROC. An AUROC of one denotes a perfect classifier. Brackets
show 95-percent confidence intervals. Data starts 1973:02, forecasts start 1978:03 and
run through 2018:08. Data is monthly. Predictors include the near-term-forward-
spread (NFTS) of Engstrom and Sharpe (2019), excess bond premium (EBP), 3-
month Treasury bill (T. Bill), 10-year minus 3-month Treasury Spread (TS), 10-vear
term premium implied by Adrian, Crump, and Moench (2013), and the first three
principal components of the Treasury vield curve (Tsy 3PC) as in Johansson and
Meldrum (2018).

Figure 1 plots the full ROC for a selection of models. These charts visualize the
trade-offs between true and false positives implied by the models. The top panel plots the
three univariate models, and it shows that the model with the EBP dominates the term

spread models except for low value of thresholds. The bottom panel presents the two
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bivariate models of term spread and EBP, and shows that, as implied by AUROC, there is

not a significant difference in terms of OOS performance between these two models.

Figure 1: Out-of-sample probit ROC eurves
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Notes: the top panel shows the ROC curve for the univariate probit models with TS,
EBP, and NTFS as independent variables. The bottom panel shows ROC curves for
the bivariate probit models with EBP and TS, and EBP and NTFS as independent
variables.

Page 6 of 11



Authorized for Public Release
Class I FOMC — Restricted (FR)

Robustness: Alternative samples and forecasting horizons

One might be interested in knowing the probability of the economy transitioning into
a recession, rather than simply being in a recession, in the next 12 months. For this
purpose, we also consider the OOS performance of the probit models estimated and
evaluated in a few different subsamples as well as for different forecasting horizons.
Table 2 repeats Table 1 but with models estimated and evaluated over two different
subsamples. The “Exclude Recessions” subsample excludes observations for which the
economy was already in a recession during the previous month when estimating the
model, while the “Exclude Recessions and ZLB” subsample excludes observations for
which the economy was already in recession in the previous month as well as
observations during the zero-lower-bound period (2008: m12-2015:m11). “Exclude
Recessions and ZLB” is the monthly counterpart of the estimation sample used in
Engstrom and Sharpe (2019).

By excluding recessionary periods from estimation and evaluation, these two
subsamples estimate the probability of the U.S. economy transitioning into a recession
over the next 12 months. The EBP model sees its OOS performance significantly
decreased when the recession periods are excluded from estimation. This implies that
much of the forecasting power of EBP comes from periods when the economy is already
in recession. Meanwhile, models containing term spreads, the level of rates, or the three
principal components of Treasury yields see their performance significantly improved.
The bivariate models including either term spread and the EBP continue to work well out
of sample, while adding TP continues to reduce the out-of-sample performance. Models
with only spreads as predictors estimate a probability of transitioning into a recession of
about 75 percent, while models with spreads and EBP estimate probabilities of between

60 and 65 percent.
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Table 2: OOS Performance of recession probability models for the U.S. economy

transitioning into a recession over the next 12 months.
Model Exclude Recessions Exclude Recessions and ZLB
AUROC  Prob. asof AUROC  Prob. as of
Sep. 2019 Sep. 2019
TS 0.93 0.78 0.91 0.68
[0.90, 0.95] [0.88, 0.95]
NTFS 0.93 0.73 0.93 0.62
[0.90, 0.96] 10.90, 0.96]
EBP 0.59 0.09 0.46 0.08
[0.52, 0.67] 0.39, 0.54]
TS + TP 0.75 0.45 0.73 0.15
[0.67, 0.83] 0.64, 0.81]
TS + EBP 0.94 0.65 0.93 0.47
[0.91, 0.94] [0.89, 0.95]
NTFS + EBP 0.94 0.60 0.93 0.46
[0.91, 0.97] 10.90, 0.96]
TS + TP + EBP 0.71 0.47 0.69 0.12
[0.61, 0.81] 10.59, 0.79]
Tsy 3PC 0.68 0.47 0.66 0.20
[0.58, 0.78] 0.56, 0.76]
TS + T. Bill 0.71 0.54 0.69 0.20

[0.62, 0.80]

0.59, 0.78]

Notes: measured as AUROC. An AUROC of one denotes a perfect classifier. Brackets
show 95-percent confidence intervals. Data starts 1973:02, forecasts start 1978:03 and
run through 2018:08. Data is monthly. “Exclude Recessions” denotes a subsample
that drops observations for which the economy was already in a recession during the
previous month. “Exclude Recessions and ZLB" denotes a subsample which drops
observations for which the economy was already in a recession during the previous
month and observations during the zero-lower-bound period (2008:m12 - 2015:m11).
Predictors include the near-term-forward-spread (NFTS) of Engstrom and Sharpe
(2019), excess bond premium (EBP), 3-month Treasury bill (T. Bill), 10-year minus
3-month Treasury Spread (TS), 10-year term premium implied by Adrian, Crump,
and Moench (2013), and the first three principal components of the Treasury yield
curve (Tsy 3PC) as in Johansson and Meldrum (2018).

Table 3 looks beyond the immediate horizon by looking at the probability of being

in a recession at some point between 6 months and 12 months ahead, using either the full

sample or a subsample dropping the ZLB period from the estimation. The models that

contain a measure of the term spread and/or the EBP still perform well at this horizon.

The EBP maintains OOS forecasting power, which when combined with the results of

Table 2 implies that the EBP’s forecasting power derives from improving the

performance of the model when the economy is already in a recession. It is still the case
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that bivariate models including a term spread and the EBP work well out of sample and
that adding TP reduces out of sample performance. Models with only spreads as
predictors estimate a probability for the U.S. economy being in recession between 6 and
12 months ahead at about 60 percent, while models with spreads and EBP estimate
probabilities of about 50 percent.

Table 3: OOS Performance of recession probability models for the U.S. economy

being in a recession between 6 months and 12 months ahead.
Model Full Sample Excluding ZLB
AUROC  Probasof AUROC Prob as of
Sep. 2019 Sep. 2019

TS 0.76 0.60 0.77 0.64
[0.70, 0.83] [0.70, 0.83]

NTFS 0.80 0.61 0.81 0.65
[0.74, 0.85] [0.75, 0.87]

EBP 0.75 0.10 0.70 0.13
[0.69, 0.81] [0.64, 0.76]

TS + TP 0.60 0.29 0.61 0.26
10.52, 0.68] [0.52, 0.69]

TS + EBP 0.88 0.47 0.85 0.50
[0.84, 0.91] [0.81, 0.89]

NTFS + EBP 0.89 .46 0.88 0.52
[0.85, 0.93] [0.84, 0.92]

TS + TP + EBP 0.72 0.23 0.69 0.22
[0.64, 0.79] (0.61, 0.76]

Tsy 3PC 0.52 0.32 0.51 0.33
[0.43, 0.60] [0.42, 0.60]

TS + T. Bill 0.51 0.41 0.49 0.35
[0.43, 0.60] [0.41, 0.58]

Notes: measured as AUROC. An AUROC of one denotes a perfect classifier. Brackets
show 95-percent confidence intervals. Data starts 1973:02, forecasts start 1978:03
and run through 2018:08. Data is monthly. “Excluding ZLB” denotes a subsample
which drops observations during the zero-lower-bound period (2008:m12 - 2015:m11).
Predictors include the near-term-forward-spread (NFTS) of Engstrom and Sharpe
(2019), excess bond premium (EBP), 3-month Treasury bill (T. Bill), 10-year minus
3-month Treasury Spread (TS), 10-year term premium implied by Adrian, Crump,
and Moench (2013), and the first three principal components of the Treasury yield
curve (Tsy 3PC ) as in Johansson and Meldrum (2018).
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