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1 Introduction

Central banks often rely on the output gap as a measure of the overall degree of slack in the
economy. However, the output gap is unobserved and must be estimated. Recent research suggests
that multivariate models designed to span the relevant information for aggregate shocks and
capture reduced-form dynamics in the macroeconomic variables can be used to produce reasonable
estimates of the output gap (Luciani and Barigozzi 2019, Morley and Wong 2020). Because these
models are based on quarterly data that only become available with some delay, typically at least
a month after the end of a quarter, there is concomitant delay in when the output gap for a
given quarter can be estimated. This delay is problematic for central banks and other policy
organizations wanting to make policy decisions informed by a quantitative measure of current
overall slack in the economy, especially in the face of a large and sudden change in economic

conditions, such as has occurred with the COVID-19 pandemic.

We propose directly nowcasting the output gap using a multivariate Beveridge-Nelson (BN) decom-
position based on a mixed-frequency Bayesian VAR. Our approach applies the Bayesian shrinkage
suggested in Morley and Wong (2020) for estimating the output gap to a mixed-frequency VAR
along the lines of Ghysels (2016) and McCracken, Owyang, and Sekhposyan (2020). The model
incorporates monthly indicators for interest rates, stock returns, consumer sentiment, the unem-
ployment rate, inflation, industrial production, and housing starts growth to help predict quarterly
real GDP. Following McCracken et al. (2020), we are able to update conditional expectations for
the model as each monthly indicator is released and conduct scenario analysis using an approach

based on Waggoner and Zha (1999).

For different possible assumptions about what constitutes the “best” measure of the U.S. output
gap, including the output gap based on Bayesian VAR with quarterly data following Morley and
Wong (2020), the Congressional Budget Office’s (CBO) measure of potential, and the Hodrick-
Prescott (HP) filter, a key finding is that the estimated output gap based on the mixed-frequency
Bayesian VAR is highly correlated with the other measures, with real-time estimates from our
approach predicting revised values of the implied CBO and HP filter output gaps more accurately

than their respective real-time counterparts. We also find that the mixed-frequency Bayesian



VAR is able to track the output gap closely within the quarter and well before quarterly real
GDP is released. In particular, we find that monthly indicators for a credit risk spread, consumer
sentiment, and the unemployment rate provide particularly useful new information about the final
estimate of the output gap, with the mean absolute error of the output gap nowcasts falling to
below 0.1 percentage points following the release of data for the unemployment rate in the second

month of a quarter.

Our estimation is for data from 1967-2019. However, to examine the economic crisis caused by
the COVID-19 pandemic, we conduct an out-of-sample analysis that anticipates the exceptionally
large negative output gap of -8.3% for 2020Q2 before the release of real GDP data for the quarter,
with both conditional and scenario nowcasts tracking a dramatic decline in the output gap given

the April data.

The rest of this paper is organized as follows. Section 2 presents a brief overview of the litera-
ture on mixed-frequency analysis to help motivate the approach taken in this paper. Section 3
presents our proposed approach for directly estimating the output gap using a multivariate BN
decomposition based on a mixed-frequency Bayesian VAR, including constructing nowcasts given
partial information from within a quarter and scenarios for the values of certain monthly indica-
tors. Section 4 reports empirical results for our proposed approach when applied to U.S. data from
1967-2019, with a variety of robustness checks. Section 5 considers implications of the COVID-19

crisis for the U.S. output gap in the first half of 2020. Section 6 concludes.

2 Mixed-Frequency Analysis

Various mixed-frequency approaches have been proposed to nowcast real GDP growth, but none
to our knowledge to directly nowcast the output gap.! In terms of existing approaches, a useful

classification by Banbura, Giannone, Modugno, and Reichlin (2013) distinguishes between partial

LGarratt, Mitchell, and Vahey (2014) consider “nowcasting” the output gap using an ensemble of (one-step-
ahead) forecast densities from quarterly VARs that include different univariate output gap measures and inflation.
Their main finding is that there is a high degree of uncertainty about the output gap across different detrending
methods. However, they do not consider higher-frequency data or within-quarter nowcasts allowed for by a mixed-
frequency approach.



models, i.e., single-equation models that do not specify a joint model for the target variable and all
predictors, and full models, i.e., multi-equation models that explicitly model the joint dynamics

of all variables.

Even though partial models suffer from some drawbacks, they are popular tools at central banks
to obtain early estimates of real GDP growth (Banbura et al. 2013). Partial models include
bridge equations and mixed-data sampling (MIDAS), both extensions of distributed lag models

to mixed-frequency data.

A bridge equation with a single indicator can be defined as
Ay, = c+ ¢(L)Ay,—1 + B(L)qi(me, my—1/3, Me—2/3) + €4, (1)

where Ay, is real GDP growth in quarter ¢ and ¢;(+) is a quarterly indicator aggregated from higher-
frequency monthly indicators, m;_s/3, m;—1/3, and m,. The specific aggregation rule depends on

the nature of the indicator variable.?

The nowcast Aypyi74, is the expectation conditional on
information in period 7'+ v (the final observation of the higher-frequency variable), including real

GDP growth in T (the final quarter for which GDP is available), i.e.,

Ayriiree = ¢ + (L) Ayr + B(L)gr 1710, (2)

where the hats denote OLS estimates of the parameters. Note that the nowcast requires higher-
frequency observations or forecasts of the predictor and a time aggregation step. For forecasting the
monthly predictor, simple autoregressive models are often used. Lags of the quarterly indicator
are observed at time T' (i.e., ¢r—jjr1v—j = qr+1—;(-) for 7 > 0). Consider, as an example, the
nowcast for real GDP growth for Q2. Suppose industrial production (IP) is available for April
and May (i.e., v = 2/3) and real GDP for Q1. A forecast of IP growth for June, together with
the observed values for April and May, allow aggregation to a forecast of IP growth at a quarterly
frequency. This projected value of the quarterly indicator can be used in equation (2) to nowcast
real GDP growth in Q2. We note here that our scenario nowcast presented in Section 5 is much

like the bridge equation approach in the sense that forecasts of monthly indicators are taken from

2See Stock and Watson (2002) for a discussion of different aggregation rules.



external considerations and used to calculate the conditional expectation of real GDP given a

dynamic model.

For the MIDAS approach, the predictors are directly included at their original frequency:
Ay, = ¢+ ¢(L)Ayy_y + BB(LY3:0)my_y 1y + &4, (3)

where B(L'/3;0) is a lag polynomial, typically specified as an exponential Almon polynomial. The

conditional expectation of equation (3) is given by
Ayryiree =¢+ &(L)Ayr + BB(LY?; 0)mzy.. (4)

Using the example of nowcasting real GDP growth in Q2 given its value in Q1 and observing a
monthly indicator in April and May, then, as in the previous example, v = 2/3. Foroni, Marcellino,
and Schumacher (2015) propose a variant of MIDAS with unrestricted lag polynomials, which they
label “U-MIDAS”. In the quarterly /monthly case, a U-MIDAS model is given by

Ay, = c+ ¢(L)Ay—1 + 5(L1/3)mt71+v + &¢. (5)

That is, the individual lags are estimated separately. In contrast to standard MIDAS, the U-
MIDAS model can be estimated using OLS. The U-MIDAS approach is particularly suitable
when the difference in sampling frequencies is small, such as quarterly /monthly, as considered in
our analysis. Thus, as discussed below, we take an approach closely related to U-MIDAS when

estimating our multi-equation mixed-frequency model.

Full multi-equation mixed-frequency models in the literature include dynamic factor models and
VARs. The key difference among the existing approaches is the baseline frequency, i.e., the
frequency of observations at which the economy is assumed to evolve. Both approaches have been

considered using Bayesian and frequentist estimation.

Models taking the high-frequency as the baseline frequency, referred to as parameter-driven mod-

els, treat the high-frequency observations of the low-frequency variables as missing observations.



They rely on a state-space representation of the model and obtain the missing observations using
the Kalman filter and smoother. A notable example is Schorfheide and Song (2015), who estimate
a Bayesian mixed-frequency VAR with missing observations to nowcast real GDP growth in real
time. Despite some attractive features, these models are computationally costly to work with and

we do not take this approach in our analysis.

Instead, we take the approach of a model specified at the lowest observed frequency, as in Ghysels
(2016), Brave, Butters, and Justiniano (2019), and McCracken et al. (2020). As discussed in
the next section, we are particularly guided by McCracken et al. (2020), who consider a mixed-
frequency VAR model motivated by Ghysels (2016) with one quarterly variable (real GDP growth)
and 12 monthly indicators (suitably transformed to induce stationarity). They consider Bayesian
estimation and real-time data from the ALFRED database, which we also consider in our robust-
ness analysis. In their approach, monthly data releases are treated as separate observations within
a quarter. That is, the approach is much like a U-MIDAS model, as noted in Ghysels (2016), but

is multi-equation and estimated using Bayesian methods to deal with parameter proliferation.

3 Our Proposed Approach

Beveridge and Nelson (1981) define the trend of a time series as its long-horizon conditional
expectation minus any future deterministic drift. For a time series process {y;} with constant

drift u, the BN trend at time t, 73, is
7= lm Ey [ysen —h-p]. (6)
h—o00
The corresponding BN cycle of the time series at time ¢, ¢;, is then given by

Ct =Yt — T¢- (7)

Following Morley and Wong (2020), we specify a VAR model to evaluate the conditional expec-



tation in equation (6) in order to calculate (7). The VAR in companion form is

Xt:FXt_1+H€t, (8)

where X is a vector of demeaned variables, F' is the companion matrix, H is a matrix that maps
the forecast errors to the companion form, and &; is a vector of forecast errors. Let sy be a selector
row vector which consists of 1 as its k'* element and zeros otherwise. Suppose also that real GDP
growth Ay; is included as the k' element of the vector X; in equation (8). Following Morley

(2002), the BN cycle of y; can then be calculated as

e =—si F(I - F) ' X,. (9)

Our objective, therefore, is to cast a mixed-frequency system into the form of equation (8) in order

to obtain an estimate of the output gap based on the BN cycle of log real GDP from equation (9).

3.1 A Mixed-Frequency VAR System

We specify a mixed-frequency VAR (MF-VAR) along the lines of Ghysels (2016) and McCracken
et al. (2020). The MF-VAR includes variables observed at both monthly and quarterly frequencies.
Let m; 11, be the j variable observed at monthly frequency in quarter ¢, where v € {1/3,2/3,1}
corresponds to the month within the quarter. That is, m;,_s/3 is observed first, then m;,_,/3, and

finally m; .

First, stack the £ monthly variables as

mit—1+v

mat—1+v
my_, = )

Mg t—14+v

where M, 14, = Mjs 140 — Hj, and p; is the mean of the j™ variable observed at monthly

frequency. Then, denoting Ay, = Ay, — pay, where pa, is the mean of real GDP growth, stack all



of the demeaned variables observed at monthly frequency within the quarter, along with demeaned

real GDP growth, which is observed at quarterly frequency, as follows:

my_141/3
my_142/3
my;

Ay

For example, for 1995Q1 and previous quarters,

M jan1995 MOoct1994 M ju11994
MEeb1995 MNG6v1994 M A ug1994
Y1995Q1 = 7Y1994Q4 = >Y1994Q3 = , etc..
M\ ar1995 M Dec1994 Mgept1994
Ay1995Q1 Ay1994@4 A?/1994@3

The vector process Y, is assumed to have a VAR(p) structure at the quarterly frequency:
Yt = @1Yt_1 + (I)th_Q +...+ ‘I)th_p + &4, Ep ~ N(O, E) (10)

The stacking of the monthly and quarterly variables implies that fitting a VAR structure on Y,
suffices in specifying the companion-form system in equation (8), where X, = [Y; Y, ;... Y}_ ] '
By not tying the parameters in equation (10) to a temporal aggregation rule or an exponential
Almon polynomial, the mixed-frequency VAR is much like a U-MIDAS model, as noted in Ghysels
(2016).

3.2 Estimation

We use Bayesian methods to implement shrinkage when estimating equation (10) due to the
parameter proliferation in the MF-VAR implying a non-trivial risk of overfitting the data in
sample. Our estimation procedure closely mimics Morley and Wong (2020) by using a natural

conjugate prior with a standard Minnesota structure to implement shrinkage in a Bayesian VAR



(BVAR). The natural conjugate prior implies an analytical solution to the posterior distribution.

To motivate the prior, expand the VAR in equation (10):

)
1,1 1,3k+1 1,1 1,3k+1 1,3k+1
1 “ .. 1 2 .« e 2 o e “ .. ¢p 51775
Y o
Y, = +
3k+1,1 3k+1,3k+1 3k+1,1 3k+1,3k+1 3k+1,3k+1
1 <. ¢1 ¢2 <. ¢2 s e ¢p E3k+1,t
Y,

Letting qbfk denote the slope coefficient of the I** lag of variable k in the j' equation of the VAR

in equation (10), we set the prior means and variances of the slope coefficients as follows:

E[¢i"] = 0,
)\2 .

. 72 j:k
Var[gbf’k] — r

2 02 .
?—2 —% . otherwise.
Ok

The degree of shrinkage in the BVAR is governed by the hyperparameter A\, with A — 0 shrinking
towards the assumption that the variables in the model are independent white noise processes
or, equivalently, all of the first-differenced variables in the model follow random walk processes in
levels. As long as A > 0, the posterior will converge asymptotically to the population parameters.
Following a standard Minnesota prior structure, the factor 1/I? shrinks coefficients at longer lags
closer to zero. The hyperparameter variances 0]2- and o7 are set to the variances of residuals from
autoregressive models estimated using least squares for the corresponding variables, as is the usual

practice (e.g., Baribura, Giannone, and Reichlin 2010, Koop 2013).3

Following Morley and Wong (2020), we set A by optimizing the one-step-ahead out-of-sample
forecast of output growth. The focus on an out-of-sample forecast is aimed at not overfitting

output growth with our model. Specifically, we conduct numerical optimization to find the A\ that

3The hyperparameter variance for output growth is from an AR(4) regression. The mixed-frequency setup leads
to a slightly different approach for the monthly variables. We use AR(12) regressions for the monthly variables,
but dropping the first lag for variables corresponding to the second month of a quarter and the first two lags for
variables corresponding to the third month of a quarter. Also, we set the ratio of hyperparameter variances to
unity for the same j** variable across different months. For a shrinkage hyperparameter of A = 0.05, this approach
leads to very similar one-step-ahead forecasts for real GDP compared to quarterly BVARs with Minnesota priors
estimated either in levels or differences.



minimizes the one-step-ahead root mean squared forecast error (RMSFE) for output growth over
an evaluation sample using pseudo-real-time estimation based on an expanding window starting
with a particular initial fraction of the full sample. For our application, we start our recursive
estimation with the initial 20 years of data and use the remaining 30+ years of data for evaluation
of the RMSFE. Conditional on A and the assumption of Normality for the variables, the calculation
of posterior moments for the slope coefficients is straightforward, as the natural conjugacy of the
prior implies that we can implement estimation using least squares with dummies observations

(see, for example, Del Negro and Schorfheide 2011, Wozniak 2016).

Finally, we note that our use of demeaned variables in Y, is equivalent to setting a flat prior on
the unconditional means of the variables in our model. In the case of the same j* variable across

different months, we use the common sample mean /i; for all months.*

3.3 Nowcasting Structure

For U.S. macroeconomic variables, data are often released with a one month lag. For the monthly
indicators, this means we get observations for December in January, observations for November
in December, and so on. We also get the advance release of the fourth quarter real GDP at the
end of January, the advance release of the third quarter real GDP at the end of October, and so
forth. Going back to equation (9), given the entire vector of observations in X, we can obtain ¢
as our final estimate of the output gap. The nowcasting problem that we aim to address is how
to also obtain an estimate of ¢; within a quarter when we only partially observe the vector, X;.
In particular, as monthly data are released within the quarter, how should the estimate of the

output gap be updated?

To begin, using equation (9) to define the BN cycle at 7'+ 1 and then substituting in equation

4Following Morley and Wong (2020), we can address structural change in the unconditional means of the
variables in the BVAR, including the trend growth rate of real GDP, pa,, by using time-varying estimates of
unconditional means when demeaning variables. In particular, Morley and Wong (2020) allow for a break in trend
growth and other variables in 2006Q1 and find that the estimates of the U.S. output gap are quite robust. One
reason for the robustness relative to allowing for structural change in univariate trend-cycle decompositions is that
common changes in unconditional means can be captured as low-frequency movements in the variables included in
the model. As we report in our robustness analysis, our estimated output gap appears largely robust to allowing
for time variation in pa, via dynamically demeaning output growth following Kamber, Morley, and Wong (2018).

9



(8) shifted to T+ 1, we obtain the following expression:

Cry1 = —SkF(I — F)_IXT_H

= —s,F(I—F)"'[FXs+ Her,1]. (11)

With this expression, first consider the case of obtaining a nowcast for the output gap, ¢y, near
the beginning of quarter 741 conditional on observing all of the variables from the previous quarter
T, but no information yet about the current quarter.® Conditional on observing the vector X,
the nowcast for the output gap is simply the first part of the expression, i.e., —s, F(I-F) ' F X p,

given ey = 0.

As monthly indicators become available throughout the quarter, the nowcast can be updated
because the information set has changed. Thus, we might want to calculate cry1j741/3. However,
when X7, /3 is observed, e74, is only partially observed and e7.1741/3 # 0. Our objective with
nowcasting is to update the conditional expectation of ey, in order to estimate the output gap
using equation (11). Our approach closely follows McCracken et al. (2020) in calculating condition
expectations, where the already-released intra-quarter data are accounted for using the Waggoner

and Zha (1999) approach of conditional forecasting.

To understand how conditional forecasting works, recall that the covariance matrix for the VAR
forecast errors is 3. Intuitively, what we are doing is that, conditional on partially observing er 1,

we update the rest of the ey, vector to be consistent with the structure implied by 3. More

5Tt is somewhat a matter of semantics about what exactly constitutes a “nowcast” versus a “forecast” or even a
“backcast”. We consider an estimate of cy41 to be a “nowcast” if it is conducted anytime between the onset of the
T+1 quarter and when all of the data for the quarter in X 71 become available, at which point cr41 from equation
(11) is determined. By contrast, we consider any changes to cr41 after all of the monthly data and the advance
release of real GDP are available (due to either data revisions or changes in parameter estimates) to be revisions
to the “final” estimate of the output gap. Note that we are implicitly defining the output gap as corresponding
to the baseline quarterly frequency of the mixed-frequency VAR. That is, we are not thinking of the nowcast as
the actual BN cycle of {y;} at a higher frequency than real GDP is observed, although it would clearly satisfy a
definition of, say, ¢;—14, for v € {1/3,2/3,1} based on a shift in timing for equations (6) and (7), although one
would have to be careful about units and the higher-frequency variables would have an odd VAR structure with
missing lags. Thus, our notion of the output gap is as a percentage measure of how much the flow of production
for the economy was above or below its potential flow over the whole quarter, not as a higher-frequency measure.

5For our nowcasts and as described below, we consider the specific case of calculating conditional expectations
as data are sequentially released. The Waggoner and Zha (1999) conditional forecasting approach also allows for
more general scenarios where any subset of variables can be fixed and conditional expectations for the remaining
variables calculated. Antolin-Diaz, Petrella, and Rubio-Ramirez (2020) build on the Waggoner and Zha (1999)
approach to allow for conditional density forecasts based on a subset of shocks identified from a structural VAR.
We leave such extensions to our empirical application for future research.

10



specifically, our approach takes a lower-triangular Cholesky factor of 3, B, where X = BB’.

Then, from the covariance structure, we define the following;:

ery1 = Bzpyy, where zpy ~ (0,1), (12)
or, in expanded form,

€1,7+1/3

€k, T+1/3

€1,7+2/3 b1 0o ... 0 R1,T+1

by b O

€k, T+2/3

E1,741 baks11 - oo bapyiske | | Zet1m0

€k, T+1

EAy,T+1

We then update the nowcast using the structure implied by equation (12). For example, equation

(12) implies

1,413 = biizir41, (13)

€ar11/3 = beizirir +b2ozarir, ete.. (14)

Conditional on observing &1 711/3, we can use equation (13) to solve for z; r4;. Then, a forecast
for the rest of the vector €5 741/3 all the way to ea, 741 can be formed conditional on the value
of z; 741 and the remaining elements of the z7, set to zero. From equation (14), conditional on
observing both €1 741/3 and €3 741/3, we can solve for 2y 7,1 and 23711, and, thereafter, form a
forecast for the rest of the vector e3711/3 all the way to eay r41. As the X1 vector sequentially

reveals itself, equation (12) provides a structure to update the vector er,1, and so updates the

11



nowcast for the output gap through equation (11).

More formally, letting w € (0, 1) correspond to the fraction of the interval of time in which all data
for a quarter are released that a particular monthly indicator becomes available, there will be a
unique mapping to the variable by release order ¢ assuming no exact simultaneity of availability
(perfect simultaneity of a subset of variables means that the ordering for the variables within
the subset does not matter). Given the first ¢-ordered elements of er,; denoted €/, and the
Cholesky factor B, we can solve for zi..; = B; 'k, based on equation (12) and where B;
corresponds to the first ¢ x ¢ elements of B. Then, given the orthogonality of the elements of
z7ry41, we can set the remaining elements of z71; to zero to obtain zr 74, = [zZT I 0], and

calculate €717 = B2741740. The nowcast for the output gap is then

criiriw = —SkF(I — F) 7' [FX 7+ Herpriw] - (15)

4 Empirical Application

4.1 Data

In addition to U.S. quarterly real GDP growth, we also consider the federal funds rate in first dif-
ferences, the 10-year-minus-1-year term spread, the BAA-minus-AAA credit risk spread, S&P500
stock returns, the consumer sentiment index, the civilian unemployment rate, CPI inflation, 1P
growth, and the growth rate of housing starts. All data series other than real GDP are available
at both a monthly and quarterly frequency and were mostly obtained from FRED to cover the
sample period of 1967 to 2019, with observations also collected for 2020 for our out-of-sample

analysis in Section 5.7

"FRED includes all of the data series except for S&P500 returns, which were obtained from Yahoo Finance. We
note that consumer sentiment was only sampled at a lower frequency before 1977. Thus, for the pre-1977 sample
period, we interpolated monthly and quarterly values of this variable from the available lower-frequency data. For
most of our analysis, the data are from August 2020 vintages. However, for the real-time analysis, we obtained
earlier vintages for real GNP/GDP from the Philadelphia Fed Real-Time Data Set and the unemployment rate, IP,
and housing starts from ALFRED. We note that, while real GNP/GDP has sizeable revisions, most of the other
data series are revised much less or effectively not at all. TP growth can also undergo sizeable revisions, but we
find it is not a major source of information in terms of nowcasting the output gap. Possibly related, Barbarino,
Berge, Chen, and Stella (2020) find that models which rely of labor market data, including the unemployment rate,

12



Growth rates, including stock returns, are measured as 100 times first differences of natural log-
arithms of corresponding levels. Quarterly consumer sentiment and the unemployment rate are
averages of the monthly values, while the federal funds rate and interest rate spreads are averages
of the daily values (annualized) for a given month or quarter. CPI inflation is measured as a
monthly or quarterly rate, not year-on-year. We consider p = 4 quarterly lags (i.e., 12 lags of the

monthly indicators in the MF-BVAR).

Although our model includes growth rates measured using log differences, we report the output
gap in basic percentage deviation terms for the level of real GDP. That is, the reported output
gap is 100% x <el% — 1), where ¢; is the BN cycle for y, measured as 100 times the natural
logarithm of real GDP. Normally, with relatively “small” values for the output gap, there is little
difference between the units. However, given some large negative nowcasts for the output gap in
the out-of-sample analysis of the COVID-19 crisis in Section 5, we believe it is useful to be clear

that the measure of the output gap is in percentage deviation terms, not 100 times log differences.

4.2 The Estimated Output Gap

The 9 variables that we consider are similar to those included in the 8-variable BVAR in Morley
and Wong (2020).® Reflecting this similarity, the output gaps based on the quarterly and mixed-
frequency BVARs displayed in Figure 1 are quite comparable to the reported output gap using

the 8-variable (as well as the benchmark 23-variable) quarterly BVAR in Morley and Wong (2020)

for the common sample period of 1967 to 2016.

For comparison to other measures of the output gap, Figure 1 also displays the implied CBO

output gap and an output gap based on the HP filter applied to 100 times log real GDP.? There

produce relatively reliable estimates of the output gap in real time. So real-time data issues may be less relevant
for nowcasting the output gap with our model given that it includes the unemployment rate. We examine the
impact of real-time data issues on the estimated output gap in our robustness analysis.

8The 8-variable BVAR in Morley and Wong (2020) included real GDP growth, real PCE growth, the unem-
ployment rate, the growth rate of housing starts, CPI inflation, the first difference of the federal funds rate, real
M1 growth, and a different measure of stock returns. See Morley and Wong (2020) for more details.

9The implied CBO output gap is constructed as the percentage deviation of real GDP from the CBO estimate
of potential obtained from FRED. The HP filter output gap is based on the smoothing parameter A=1,600. For
real-time estimates in our robustness analysis, we use earlier vintages of real GNP/GDP and the CBO’s estimate
of potential available at the time of the initial real GDP release if it has the same base-year units or the next
available estimate of potential if there was an interim change in base-year units of real GDP.
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Figure 1: Comparison of U.S. output gap estimates
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is a considerable degree of similarity between these other measures and the BVAR-based output
gaps, especially in the case of the implied CBO output gap. The correlations with our estimated
output gap based on the MF-BVAR are 80% for the implied CBO output gap and 60% for the
HP filter output gap. Thus, nowcasting the output gap based on the MF-BVAR could potentially
be useful in tracking changes in the CBO or HP filter measures of the output gap. We discuss

this possibility in more detail when looking at real-time data issues in our robustness analysis.

The key thing to notice in Figure 1 is how similar the estimated output gaps are between the
quarterly BVAR and the MF-BVAR that includes monthly indicators of all of the variables other
than real GDP growth. The quarterly BVAR can be thought of as restricted version of the MF-
BVAR that assumes the same coefficient on a given monthly indicator within each quarter. The
fact that the estimated output gaps are so similar, with a correlation of 98%, suggests that this
restriction is not particularly problematic and, indeed, could potentially lead to more precision
given fewer parameters to estimate. However, even if the output gap for a quarterly BVAR were
thought of as a “best” estimate, allowing different coefficients on the within-quarter monthly
variables in the MF-BVAR opens up the possibility that data from different months can be more

or less informative about the estimated output gap. Thus, we consider the output gap from the
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MF-BVAR as the “final” estimate in our remaining analysis, but note its very close correspondence

to the estimate from the quarterly BVAR in Figure 1.

4.3 What Monthly Information Is Most Relevant?

The data for the MF-BVAR are available in a more timely manner than for the quarterly BVAR.
Here we examine what information the release of each monthly indicator contains for the final
estimate from the MF-BVAR. Because the BN decomposition effectively acts as a one-sided filter
given its reliance on conditional expectations, the release of real GDP for a given quarter completes
the information needed to get a final estimate, at least assuming minimal data revisions and stable
parameter values. Thus, we can get a direct sense from this analysis of how generally reliable

within-quarter nowcasts actually are.

Table 1: Correlations of nowcasts with the output gap and output growth

Within-Quarter Information Output Gap Output Growth
None 0.980 0.700
First month 0.994 0.794
Second month 0.999 0.822
Third month 1.000 0.837

Table 1 reports the correlations between within-quarter nowcasts and the final estimate of the
output gap. For comparison, we also report the correlations between the model-implied within-
quarter nowcasts for output growth and realized output growth. An immediately striking result is
that even at the beginning of the quarter with no within-quarter monthly information available,
the correlation for the output gap is already 98%. That is, nowcasts for the output gap will
generally be quite reliable due to the persistence of the output gap and many of the variables,
such as the unemployment rate, that help forecast output growth. By contrast, the nowcasts for
output growth appear much less reliable, presumably due to less persistence in output growth

than the output gap from one quarter to the next.

The second thing to notice in Table 1 is that the release of data for the first month within a

quarter increases the output gap correlation. Data for the second and third months continue
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Figure 2: Average percentage point deviation from final estimate with each monthly data release
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to increase the correlation, with perfect correlation (to the third decimal) given the data from
the third month. Thus, with all of the monthly data for a quarter at hand, it appears to be
unnecessary to see the real GDP data for a particular quarter in order to get a highly accurate
reading of the final estimate of the output gap. In comparison, the output growth correlation also
increases with the release of monthly data, but even with all of the monthly data at hand, the
nowcast for output growth is still far less reliable and there is considerable new information about

output growth in the actual release of real GDP.

Figure 2 displays the mean absolute error of the within-quarter output gap nowcast for each
data release compared to the final estimate. This allows us to see specifically which variables
from each month are responsible for the improvement in the correlation between within-quarter
nowcasts and the final estimate of the output gap evident in Table 1. To get a sense of statistical
significance, Table 2 reports corresponding p-values for two-tailed Diebold and Mariano (1995)
tests of no change in predictive accuracy under a “lin-lin” (absolute error) loss function with each
data release, where the test for federal funds rate in the first month is relative to the nowcast for

the output gap when there is no within-quarter monthly information available.

Given a mean absolute error of 0.29 percentage points for the nowcast before any within-quarter

monthly information becomes available, we can see that observing the federal funds rate and the
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Table 2: Diebold-Mariano test p-values

Monthly Indicator Month 1 Month 2 Month 3
Federal funds rate 0.21 0.24 0.13
Term spread 0.30 0.91 0.22
Risk spread 0.02 0.01 0.01
Stock returns 0.67 0.14 0.03
Consumer sentiment 0.11 0.00 0.00
Unemployment rate 0.07 0.00 0.00
CPI inflation 0.31 0.65 0.57
IP growth 0.85 0.01 0.00
Housing starts growth 0.98 0.48 0.00

term spread in the first month has relatively little impact in terms of improving the nowcast for
the output gap. However, the risk spread appears to help, as possibly do consumer sentiment and
the unemployment rate, with the mean absolute error reduced by about a third from its initial
value given the release of data for the first month. Looking back at Table 1, this reduction in mean
absolute error corresponds to the comparatively large increase in the correlation of the nowcast
given data from the first month with the final estimate. Meanwhile, the remaining variables appear
to have little impact on the reliability of the nowcasts, with the visual impressions in Figure 2

generally confirmed by the Diebold-Mariano test results in Table 2.

For the second month, the pattern is similar, with a reduction of another third of the mean
absolute error from its initial value at the beginning of the quarter driven by information in
consumer sentiment and the unemployment rate in similar portions, but also by the risk spread,
as in the first month, as well as possibly by IP growth, at least according to the Diebold-Mariano

test.

For the third month, most of the variables appear to help improve the reliability of the nowcasts,
with the risk spread, stock returns, consumer sentiment, the unemployment rate, IP growth, and
housing starts growth all significant at the 5% level for the Diebold-Mariano tests. With the
release of housing starts and all of the data from the third month at hand, the remaining mean
absolute error is effectively zero, corresponding to the perfect correlation with the final estimate

of the output gap in Table 1.

The apparent lack of information in CPI inflation for nowcasting the output gap is notable given
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that many procedures to estimate the output gap involve imposing a Phillips Curve relationship
between the output gap and inflation (see, for example, Kuttner 1994). Our results suggest that
CPI inflation is not particularly informative from an econometric point of view about the output
gap once other variables are included in conducting the multivariate trend-cycle decomposition.
However, it should be noted that our results are still consistent with a Phillips Curve relationship
between the output gap and inflation. In particular, we find a significant correlation of 31%

between the quarterly changes in the output gap and CPI inflation.

4.4 Robustness

The mean absolute errors in Figure 2 were calculated using observations from the full sample
period from 1967 to 2019. An immediate question is whether different variables are more or
less important at different points of time, including possible structural change in the relevance of
variables over the course of the sample period, as well as with the onset of a recession, as would be
relevant for the COVID-19 crisis considered in the next section. To address this question, we look
at mean absolute errors of output gap nowcasts in the first and second halves of the sample period
separately and then in two admittedly small-sample cases: i) the first two quarters of recession
(including the business cycle peak in the first quarter) and ii) the two quarters after the onset
of a recession. These two cases address the fact that the timing of an onset of recession within a
quarter has varied historically, so it is important to check how robust results about information

content are to these two related subsamples.

Figure 3 displays mean absolute errors in the first and second halves of the sample period. The
results are similar to those for the full sample period in Figure 2. The risk spread, consumer
sentiment, and the unemployment rate are the key informational variables in both subsamples,
with more of the other variables appearing to be informative in the third month. Consumer
sentiment appears relatively more informative in the second half of the sample period, while the
risk spread is somewhat less informative, especially in the first month. Overall, though, the
implication is that the information content in different variables appears relatively stable across

the full sample period and that we might still expect the risk spread, consumer sentiment, and
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Figure 3: Average percentage point deviation from final estimate with each monthly data release
in the first and second halves of sample period
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Figure 4: Average percentage point deviation from final estimate with each monthly data release
around the onset of recessions
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the unemployment rate to remain informative out of sample.

Figure 4 displays mean absolute errors in the two cases around the onset of recessions. The first
thing to see is that the results are qualitatively similar to the full-sample results in Figure 2 despite

the small sample of observations in the recession cases (12 observations for the 6 recessions in the
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1967-2019 sample period). However, the main quantitative difference, perhaps not surprisingly,
is that magnitude of errors starts out higher at the beginning of a quarter with the onset of a
recession closer to 0.5 percentage points compared to 0.3 for the full sample period. The risk
spread remains an important source of information in the first month, with the mean absolute
error dropping around 0.15 percentage points just with the releases of this variable in the first
case. Meanwhile, consumer sentiment and the unemployment rate generally appear informative
in all three months. In the second case, there is generally a bit more uncertainty about the output
gap compared to the full sample, but the reliability of the nowcasts is eventually as good with the
release of consumer sentiment in the third month. In the first case, uncertainty about the output
gap actually becomes lower than for the full sample with the release of the unemployment rate in

the second month.

In addition to possible sample sensitivity, another question is how sensitive our results are to
including other monthly indicators such as initial claims and non-farm payroll employment growth
that are often considered in mixed-frequency analysis (see, for example, McCracken et al. 2020),
but which we do not include due to extreme outliers during the COVID-19 crisis. We find that the
correlations with our output gap based on the 9-variable MF-BVAR are 97% for a model adding
in initial claims and employment growth and 95% for a model adding in log initial claims and
employment growth.!® This high degree of similarity suggests that our benchmark 9-variable model
is sufficient to capture relevant information about the output gap. In addition, our benchmark
model is effectively as timely given that our most informative monthly indicators are the risk
spread, consumer sentiment, and the unemployment rate, which are available before or around
the same time as the additional variables, although initial claims can be partly tracked at a higher
weekly frequency within a month. Given legislative changes with the COVID crisis, we find that
the relationship between initial claims and the other variables in our BVAR breaks down in our
out-of-sample analysis, while parameter estimates and nowcasts are more robust for models that
exclude initial claims (also see Larson and Sinclair 2020). We discuss this issue in more detail in

our analysis of the COVID crisis in the next section.

A further issue of robustness that we consider is whether allowing for time variation in the un-

10The data series for initial claims and nonfarm payroll employment were also obtained from FRED.
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Figure 5: The U.S. output gap allowing for structural change in trend growth

T T T
= MF-BVAR Benchmark| |
=== Dynamic Demeaning

)

1 1 I 1 1 1 1 1
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Note: The shaded areas denote NBER recession dates.

conditional mean of output growth affects our inferences. Perron and Wada (2009; 2016) argue
that it is important to account for structural change in trend growth when conducting trend-
cycle decomposition, while a growing number of studies find evidence of a structural break in
U.S. trend growth in the mid 2000s, including Grant and Chan (2017), Antolin-Diaz, Drechsel,
and Petrella (2017), and Kamber, Morley, and Wong (2018). To account for the possibility of
structural change, we follow Kamber et al. (2018) by dynamically demeaning output growth using
a backward-looking rolling 40-quarter window. Figure 5 displays the estimated output gap al-
lowing for structural change and the estimated output gap assuming constant trend growth from
Figure 1 for comparison. The estimates are reasonably similar, especially in periods of recession,
consistent with what was found when allowing for structural change in trend growth in Kamber
et al. (2018) and Morley and Wong (2020). Thus, our inferences appear robust to allowing for

structural change in trend growth.!!

A final issue of robustness that we consider is the impact of data revisions on our findings. To

Somewhat related, we have also considered robustness of our estimated output gap to consideration of housing
starts in dynamically-demeaned log levels instead of growth rates. We found that the estimated output gap remained
largely unchanged.
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Figure 6: The U.S. output gap using different vintages of data
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isolate this impact, we re-calculate the BN cycle for output at each point of time using real-time
data vintages. Specifically, the output gap is estimated for each quarter using the MF-BVAR
parameters for the full sample period, but with the first available vintage of complete quarterly
data for real GDP growth and monthly data for the unemployment rate, IP growth, and housing
starts growth for the corresponding quarter. All of the other data, such as for the financial
variables, are assumed not be revised and are taken from the final vintage used in our main
analysis. Figure 6 displays the output gap estimated using real-time vintages of data and the
estimated output gap using the final vintage of data from Figure 1 for comparison. The estimated
output gaps are strikingly similar with near perfect correlation, suggesting that data revisions play
virtually no role in the estimates of the output gap. This is in line with the findings in Orphanides
and van Norden (2002) that data revisions play a comparatively small role in the reliability of
output gap estimates. However, an immediate reason for the near identical results in our case is
that the most informationally-relevant variables for the output gap are not revised very much, if at
all. Meanwhile, given that the BN decomposition effectively acts as a one-sided filter, this result

means that the only possible remaining source of real-time revisions to the output gap would be
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parameter uncertainty.

A full analysis of real-time revisions due to parameter uncertainty is challenging given the need
for a substantial sample period to estimate our highly-parameterized VAR model, including due
to the use of out-of-sample forecast evaluation to optimize the Bayesian shrinkage hyperparameter
A, as discussed in Section 3. However, we discuss possible sensitivity of parameter and output
gap estimates to sample period in the next section. We also consider here how well a real-time
version of our output gap based on parameter estimates using data only up to 1990Q4 predicts
out-of-sample revisions in the implied CBO and HP filter output gaps for an evaluation period of
1990Q4-2019Q4 that was determined by the availability of real-time data for the CBO’s estimate
of potential in ALFRED. Strikingly, we find that this real-time output gap based on the MF-
BVAR and parameters estimated using data only up to 1990Q4 predicts the final-vintage versions
of the implied CBO and HP filter output gaps more accurately than their respective real-time
counterparts. The correlations are high and similar for the final-vintage implied CBO estimate,
with our real-time estimate having a 95% correlation and the real-time implied CBO estimate
having a 92% correlation, while the correlations are not as high and more different from each
other for the final-vintage/two-sided HP filter output gap, with our real-time estimate having a
68% correlation and the real-time/one-sided HP filter estimate having only a 45% correlation. In
terms of revisions, the difference between our real-time estimate and the real-time CBO estimate
has a 43% correlation with the revisions in the CBO output gap, while the difference between our
real-time estimate and the real-time HP filter estimate has a 53% correlation with the revisions
in the HP filter output gap. Thus, our approach appears to provide not just a timely estimate
of the output gap according the multivariate BN decomposition of Morley and Wong (2020), but

also of the eventual revised output gap estimates for the CBO and the HP filter.

5 Analysis of the COVID-19 Crisis

In this section, we apply our estimated model from the previous section to track the U.S. output

gap following the onset of a global economic crisis due to the COVID-19 pandemic during the first
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half of 2020.'2 This analysis is not designed to predict the entire future path of the economy due
to the crisis, an understanding of which would require knowing many different factors such as the
full extent of policy responses beyond the initial emergency measures. Instead, we consider how
our approach anticipates the behavior of the output gap immediately after the crisis began and
before the release of real GDP data. The analysis here provides a proper out-of-sample application
of our proposed approach to nowcasting the output gap because it considers the model estimated
in the previous section with data up to 2019 only, although we also discuss the robustness of

parameter estimates to updated data.'

5.1 Nowecasts for 2020Q1

The initial large decline in economic activity due to the COVID-19 crisis only occurred during the
last few weeks of 2020Q1 (see Lewis et al. 2020), but the crisis led to substantial movements in
the various monthly indicators in March compared to their January and February values. Given
this, we focus on the data releases for March in tracking how the nowcasts for the output gap in

2020Q1 evolved over the quarter.

Table 3 reports the realized values of the monthly indicators in 2020Q1, as well as nowcasts for
the output gap and output growth. The effects of the crisis show up in almost all of the indicators
for March, with a clear deterioration of various financial and economic conditions. Related, the
nowcast for the output gap only shows much of a change from its previous value of 2.4% in
2019Q4 with a fall to 2.1% given an increase in the risk spread in March that also led to a similar
downward revision in the nowcast for output growth. The March data for stock returns and

consumer sentiment then actually return the nowcast for the output gap back up to 2.5%, despite

12There is a rapidly growing literature on the possible economic consequences of the COVID-19 crisis, including
Antolin-Diaz, Drechsel, and Petrella (2020), Baker, Bloom, Davis, and Terry (2020), Carriero, Clark, and Marcellino
(2020), Coibion, Gorodnichnenko, and Weber (2020), Jorda, Singh, and Taylor (2020), Larson and Sinclair (2020),
Lenza and Primiceri (2020), Lewis, Mertens, and Stock (2020), Primiceri and Tambalotti (2020), Schorfheide and
Song (2020), amongst many others. Most closely related to our analysis, Antolin-Diaz et al. (2020), Carriero et al.
(2020), and Schorfheide and Song (2020) look at nowcasting U.S. real GDP with mixed-frequency models, but they
do not directly look at the output gap.

13Lenza and Primiceri (2020) suggest that a simple way to address undue influence of extreme observations with
the COVID-19 crisis on VAR parameters is to avoid updating the sample period to include these observations.
Likewise, Schorfheide and Song (2020) argue that forecasts based on VAR parameters estimated using only data
before the crisis appear “more stable and reasonable” than those based on updated estimates.
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Table 3: Monthly indicators and nowcasts in 2020Q1

(a) Realized monthly indicators

Monthly Indicator January February March
Federal funds rate (%) 1.6 1.6 0.7
Term spread (%) 0.2 0.1 0.5
Risk spread (%) 0.8 0.8 1.3
Stock returns (%) -0.2 -8.8 -13.4
Consumer sentiment (indx.) 99.8 101.0 89.1
Unemployment rate (%) 3.6 3.5 4.4
CPT inflation (%) 0.1 0.1 -04
IP growth (%) -0.4 0.1 -4.5
Housing starts growth (%) 1.9 -3.1 -19.0

(b) Nowcasts for the output gap and output growth

Within-Quarter Information Output Gap (%) Output Growth (%)
None 2.5 0.5
January 2.4 0.6
February 2.5 0.5
March: Federal funds rate 24 0.6
Term spread 2.4 0.6
Risk spread 2.1 0.2
Stock returns 2.3 0.1
Consumer sentiment 2.5 0.0
Unemployment rate 2.2 -0.2
CPI inflation 2.1 -0.4
IP growth 2.4 -0.6
Housing starts growth 24 -0.6
Final: Real GDP (advance) 2.4 -1.2

leading to a further deterioration of the nowcast for output growth. The March unemployment
rate and CPI inflation lower the nowcast for the output gap again to 2.1% and imply further
declines in the nowcast for output growth. Finally, March IP growth brings the nowcast for the
output gap back to its original value of 2.4%, where the estimate ends up with the release of real
GDP growth for 2020Q1, while again producing a further drop in the nowcast for output growth,

although not all the way to its realized value of -1.2%.

It is notable that the March values for stock returns, consumer sentiment, and IP growth, which
signaled deteriorating conditions in the economy, did not lead to downward revisions in the nowcast

for the output gap, while they did so with the nowcast for output growth. This difference is because
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the nowcast for the output gap ultimately depends on what information each data release contains
not just for current output growth, but also for future output growth. The long-horizon calculation
involved in the BN decomposition is evidently more stable in the face of new information than the
prediction of current-quarter output growth. Meanwhile, just as the exact match of the nowcast
for the output gap given all monthly data with the final estimate is consistent with the findings
in Table 1, so to is the difference between the nowcast for output growth given all the monthly
data and the realized value of output growth. Furthermore, the almost perfect coherence between
real-time and final vintage estimates of the output gap in Figure 6 means that we should not
expect any major change in the estimated output gap even when some observations, including the

advance estimate of real GDP growth in 2020Q1, are revised over time.

5.2 Nowecasts for 2020Q2

Next, we track how the nowcasts for the output gap in 2020Q2 evolved as the full severity of the
COVID-19 crisis showed up in the various monthly indicators. To provide a baseline, we first
consider the nowcast at the beginning of the quarter before any monthly data became available.
Then we consider nowcasts given data for April and then for May and then for June. For these
nowcasts, we use the Waggoner and Zha (1999) approach to consider both conditional expectations

and a scenario based on the behavior of monthly indicators in previous recessions.

For the scenario nowcasts, we follow Berger and Vierke (2017) and calculate the average paths of
our monthly indicators from their values at business cycle peaks, as dated by the NBER.. According
to the NBER, the most recent business cycle peak occurred in February 2020. However, we note
that the recession due to the COVID-19 pandemic differs from previous recessions given the sudden
stop of large sectors of business and production immediately in March causing an extraordinary
speed and scale of decline in economic activity, especially in terms of the labor market. Thus, as
described below, we adjust the scale and timing of the average responses of our monthly indicators

to reflect the rapid and severe effects of the COVID-19 recession.

MFor example, the second estimate of quarterly real GDP growth in 2020Q1 was -1.3%, which did not lead to
any change in the estimated output gap.
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Federal Funds Rate With the onset of the recession, the federal funds rate was reduced to its
effective lower bound and it was immediately clear that the Federal Reserve would keep it there
well beyond 2020Q2 and possibly for years. Thus, we keep the federal funds rate fixed at 0.1%
in April, May, and June for our scenario nowcasts. We note that a different scenario regarding
the federal funds rate could be used to determine what would happen if the Federal Reserve were
to hypothetically change the federal funds rate within the forecasting horizon.!® Furthermore,
unconventional policy could be addressed, for example, by incorporating a shadow rate or other

measures of these policies. However, we leave such analysis for future research.

Term Spread, Risk Spread, and Stock Returns For our financial indicators, we use a
simple random walk assumption for our scenarios. Specifically, the term spread and risk spread
are projected to remain at their March levels in April, May, and June, while stock returns are

projected to be equal to zero.

Consumer Sentiment, Unemployment Rate, CPI Inflation, IP Growth, and Housing
Starts Growth With the exception of the unemployment rate, the scenario values for these
monthly indicators are set based on their average responses in the second to fourth months after
the business cycle peak, with the average responses multiplied by a factor of three to capture
the severity of the COVID-19 recession. Because of the unusually rapid effect of the recession
on the labor market, as was evident, for example, in the unprecedented rise in initial claims for
unemployment insurance in the middle of March, we do not consider consider the average responses
of the unemployment rate in the early months of recession, which is usually comparatively muted,
but instead consider the average cumulative response to the peak unemployment rate in projecting
a value for April and then the average responses in the two months after the peak in unemployment
when projecting values for May and June. Again, we multiply these average responses by a factor

of three to reflect the severity of the COVID-19 recession.

15To be clear, however, these scenarios are conditional on observables, not structural shocks, which would
require identification of structural shocks. See Antolin-Diaz, Petrella, and Rubio-Ramirez (2020) on how to conduct
structural scenario analysis with VARs. Also, see Morley and Wong (2020) for a discussion of how to decompose
movements in trend and cycle into structural shocks from an identified SVAR model when using the multivariate
BN decomposition. We note that such a structural assessment of the output gap is not the focus of our nowcasting
application, which requires a MF-BVAR that spans the relevant information with timely indicators rather than
variables that might be needed for structural identification.
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Table 4: Monthly indicators and nowcasts in 2020Q2

(a) Projected and realized monthly indicators

April May June

Monthly Indicator Scenario/Realized Scenario/Realized ~ Scenario/Realized
Federal funds rate (%) 0.1/0.1 0.1/0.1 0.1/0.1
Term spread (%) 0.5/0.5 0.5/0.5 0.5/0.6
Risk spread (%) 1.3/1.7 1.3/1.5 1.3/1.2
Stock returns (%) 0.0/11.9 0.0/4.4 0.0/1.8
Consumer sentiment (indx.) 84.8/71.8 65.0/72.3 62.7/78.1
Unemployment rate (%) 12.9/14.7 12.3/13.3 12.2/11.1
CPI inflation (%) 0.2/-0.8 0.2/-0.1 10.3/0.6
IP growth (%) -1.3/-13.6 2.6/1.4 -3.3/5.3
Housing starts growth (%) -3.9/-26.4 15.5/11.1 4.8/17.5

(b) Nowcasts for the output gap and output growth

Within-Quarter Information Output Gap (%) Output Growth (%)
None: Conditional /Scenario (April-June) 1.2/-7.3 -0.5/-1.6
April: Conditional /Scenario (May-June) -10.1/-7.5 -7.4/-6.0
May: Conditional /Scenario (June) -9.3/-8.1 -5.3/-5.0
June: Conditional -8.3 -3.7

Final: Real GDP (advance) -8.3 -9.5

Table 4 reports the projected and realized values of the monthly indicators in 2020Q2, as well as
nowcasts for the output gap and output growth. We note that many of the projected values for
our scenario are in line with the values we found were implied by the conditional expectations of
the MF-BVAR, although there are some key exceptions that motivate our consideration of the
scenario projections in addition to conditional expectations. In particular, we found that the
conditional expectations project negative values for the federal funds rate and generally quite
optimistic values for consumer sentiment and the unemployment rate, at least at the start of the
quarter. By contrast, the scenario projections keep the federal funds rate fixed at the effective
lower bound and imply comparatively lower consumer sentiment and a higher unemployment rate

according to their dynamic paths in previous recessions.

In terms of the nowcasts, even the conditional nowcast at the beginning of the quarter before

any monthly data becomes available suggests a nontrivial one-quarter decline of 1.2 percentage
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points, while the scenario nowcast implies an unprecedented 9.7 percentage point decline, the
difference largely due to the relatively pessimistic projection for the unemployment rate compared
to the conditional nowcast. However, the conditional nowcast given the April data catches up
and exceeds the scenario nowcast in terms of the implied decline in the output gap. Again, this
is due to a larger increase in the unemployment rate in April than was even anticipated given
the seemingly pessimistic scenario. Then, with the release of the May data, the conditional and
scenario nowcasts start to converge to each other and towards the final estimate of -8.3%. This
convergence is not surprising given that only the projected June values would differ and we find
that they do not differ as much as at the beginning of the quarter, with the projection for the
unemployment rate in June actually more pessimistic for the conditional nowcast than the scenario
nowcast. These patterns are evident in the conditional and scenario nowcasts for output growth
as well, although the nowcast for output growth given the June data actually increases and ends
up more optimistic than the advance release, while the nowcast for the output gap given the June
data is the same as the final estimate.!6 As with the 2020Q1 nowcasts, the disparate performance
of output gap and output growth nowcasts is consistent with our general findings about their

comparative reliability presented in Table 1.

Regarding the scenario nowcasts, we emphasize that they are primarily for illustration of how the
Waggoner and Zha (1999) approach can be used in conjunction with nowcasting the output gap.
Other credible ex ante scenario projections could have been proposed and the scenario projections
could have been updated month by month. The key point, however, is that scenario nowcasts will
only be more reliable than the conditional nowcasts to the extent that the scenario projections
for the monthly indicators end up closer to their actual realized values than projections based on
conditional expectations. This was clearly the case for the scenario projections for the federal funds
rate given that they avoided going negative, but also, importantly, ended up being the case for the
unemployment rate, at least at the beginning of the quarter. However, any external considerations
that lead to improved predictions of monthly indicators would be helpful in improving the scenario
nowcasts, which can be thought of as akin to nowcasts based on a bridge equation with forecasts

for monthly indicators determined externally.

16 Although it is unlikely to alter the estimate for the output gap much, we note that there could be a large
revision in output growth for 2020Q2, as discussed in Jorda, Kouchekinia, Merrill, and Sekhposyan (2020).
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5.3 Comparison with Other Estimates for the COVID-19 Crisis

If we consider the larger BVARs also discussed in the robustness section that included initial
claims and employment growth, we find that estimated output gap for 2020Q2 is -31.2% for the
model with initial claims in levels and -14.4% for the model with initial claims in logs. Thus,
despite a close correspondence between the output gaps for these models and our benchmark
model during the 1967-2019 sample, there is much more sensitivity out of sample. This sensitivity
can be explained by the extreme outlier observations for initial claims and employment growth
starting in March that resulted from the COVID-19 crisis. One way to see this point is to consider
what happens if we update the parameter estimates based on data up to 2020Q2. In this case,
the estimated output gap for these other models change dramatically and converge towards the
estimate for our benchmark model. In particular, the estimated output gap for 2020Q2 becomes
-8.2% for the model with initial claims in levels and -9.2% for the model with initial claims in
logs. Because the extended data series for initial claims and employment growth effectively act
like dummy variables for 2020Q2 rather than data series that are strongly correlated with other
variables such as the unemployment rate, the estimated coefficients on these variables change
dramatically with an updated estimation sample and the estimated larger BVARs become much
more like our benchmark model, leading to similar estimates of the output gap compared what

we found for our benchmark model.

Notably, the estimated output gap in 2020Q2 for our benchmark model changes much less from
-8.3% to -8.0% when updating the estimation sample, suggesting that parameter estimates for the
model are much more stable even given large outliers in many of the remaining variables associated
with the crisis. We note that it is not really feasible to throw out all variables with outliers in
2020Q2 from the model given that even real GDP growth took on an historically large negative
value. The important point is to keep variables in the model that have similar scale movements
as real GDP growth and also maintain their historical correlations with real GDP growth. Our

benchmark MF-BVAR without initial claims and employment growth appears to do this.

To compare with other measures of the output gap, Figure 7 displays the real-time and ex post

estimates of the output gap based on our MF-BVAR, the CBO measure of potential, and the HP
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Figure 7: Real-time and ex post U.S. output gap estimates from 2007-2020
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Notes: The shaded areas denote NBER recession dates (assumes trough in 2020Q2).

filter over the period from 2007 to 2020. We start the plot in 2007 to provide some context for the
scale of the decline in the output gap with the COVID-19 recession in comparison to the Great
Recession in 2007-2009. In particular, the estimated output gap for all three measures takes on
a larger negative value in 2020Q2 than at any point during the Great Recession. Also, going
back to the Great Recession, the relative reliability of the output gap based on the MF-BVAR is
clear, with upward revisions in the implied CBO and HP filter output gaps towards our estimated
output gap already occurring for the quarters just before the onset of the COVID-19 recession
due to revisions in the CBO’s estimate of potential in August 2020 and the difference between
one-sided and two-sided estimates for the HP filter. This mirrors what happened to the estimates
around the Great Recession, with the real-time implied CBO and HP filter estimates revised ex
post towards the MF-BVAR output gap, almost perfectly so in the case of the HP filter. Indeed,
the ability of the real-time MF-BVAR output gap to predict revisions in the implied CBO and HP
filter estimates is evident throughout the period displayed in Figure 7, especially with an overly
pessimistic real-time implied CBO output gap and overly optimistic real-time HP filter output

gap during the early years of the recovery following the Great Recession.!” Finally, Figure 7 also

"The extent to which the real-time MF-BVAR output gap predicts revisions in the implied CBO and HP filter
estimates for a particular quarter likely reflects the accuracy of the MF-BVAR forecasts for future output growth
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includes the conditional nowcast for 2020Q3 given data for the July monthly indicators. The

nowcast of -6.4% suggests 2020Q2 was a trough, but with only a very partial recovery in 2020Q3.

6 Conclusion

We have proposed a way to produce direct and timely estimates of the output gap which can be
updated as higher-frequency data, such as monthly indicators, become available. We find that our
mixed-frequency approach produces very similar estimates of the U.S. output gap compared to
those based on a quarterly BVAR in Morley and Wong (2020), as well as being highly correlated
estimates with CBO and HP filter measures. Crucially, our approach does not require waiting
until after a quarter ends to provide reliable estimates. Monthly indicators for a credit risk spread,
consumer sentiment, and the unemployment rate contain particularly useful new information
when nowcasting the output gap, although the information content varies by which month in the
quarter the data are taken from. Our out-of-sample analysis of the COVID-19 crisis anticipates
the exceptionally large negative output gap of -8.3% in 2020Q2 before the release of real GDP
data for the quarter, with both conditional and scenario nowcasts tracking a dramatic decline in

the output gap given the April data.
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