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Table 1: In-sample fit of the static MF-3PRF and PCA factors

MF-3PRF PCA1 PCA2 PCA3

R2 quarter average 61.1 59.8 60.5 60.8

monthly: t, t− 1, t− 2 61.2 60.0 61.0 62.5

growth rate of index 56.5 54.2 55.4 56.5

adjusted R2 quarter average 60.8 59.5 59.8 59.8

monthly: t, t− 1, t− 2 60.2 59.0 58.9 59.4

growth rate of index 56.1 53.4 53.8 54.1

Note: bold numbers indicate the best-fitting model.
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Table 2: Root mean squared and mean absolute forecasting errors

Root mean squared forecasting errors

h = 1 h = 2 h = 3 h = 4 h = 5

3PRF reference specifications Kalman 1.88 2.15 2.60 2.80 2.91

Shift 2.37* 2.35* 2.67 2.73 2.76

AR 2.26* 2.39 2.57 2.86 2.83*

simple benchmarks AR 2.57* 2.71 2.93* 2.92 3.00

RW 3.00* 3.11* 3.63* 3.60* 3.93*

CONST 2.90* 2.91* 2.91* 2.92 2.92

principal component benchmarks PCA1 1.96 2.50* 2.97* 3.04* 3.04*

PCA2 1.92 2.52* 2.88 2.94 3.05

PCA3 2.05 2.51* 2.90* 2.92 2.95

Mean absolute forecasting errors

h = 1 h = 2 h = 3 h = 4 h = 5

3PRF reference specifications Kalman 1.43 1.73 1.88 2.07 2.02

Shift 1.82* 1.75 2.05 1.95* 1.95

AR 1.74* 1.83 1.82 2.04 1.95

simple benchmarks AR 1.84* 1.88 2.03 2.00 2.03

RW 2.52* 2.24* 2.73* 2.79* 2.89*

CONST 1.99* 2.00 2.00 2.00 2.01

principal component benchmarks PCA1 1.48 2.01* 2.23* 2.21 2.15*

PCA2 1.46 2.03* 2.25* 2.20 2.12

PCA3 1.61* 2.03* 2.29* 2.26* 2.20

Note: * denotes a p-value smaller than 0.1 for the null hypothesis of equal forecasting performance
based on Mariano-Diebold regressions comparing the 3PRF Kalman reference specification to the
other forecasts. Kalman, Shift, and AR are three methods for coping with the ragged edge, as
presented in Section 2.2.3.
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Table 3: Overview of models considered in evaluation across countries (results are
presented in Figure 8)
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* First, factor is forecasted using its law of motion. Second, this forecast is translated into a
GDP forecast based on the contemporaneous correlation of GDP and the factor.
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Table 4: Size of data sets, estimation and evaluation ranges by country

Number of indicators Start of estimation Start of evaluation

USA 98 January 1984 Q1 2000

Euro area 77 February 1995 Q1 2003

Germany 27 January 1990 Q1 2000

France 24 January 1984 Q1 2000

Italy 31 February 1991 Q1 2003

Spain 33 February 1995 Q1 2007

United Kingdom 29 January 1984 Q1 2000

Japan 51 February 1994 Q4 2001

Brazil 66 January 1990 Q1 2007

India 101 February 1998 Q1 2008

South Korea 29 January 1984 Q2 2002

Taiwan 25 January 1984 Q1 2000

Global dataset 832 country-specific country-specific

Note: in the case in which the global dataset is used to forecast GDP for a specific country, the
beginning of the estimation and evaluation periods are the same as in the case of the country-
specific dataset. The extraction date for all countries is 28 January 2014.
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Table 5: Best models by country and forecasting horizon

This table presents, for each country evaluated and each forecasting horizon (h = 1, 2, 3, 4, 5), the
model with the lowest RMSFE in the out-of-sample evaluation. Details on the models compared
can be found in Table 3. Bold text denotes 3PRF models, italics refer to PCA models, and
standard fonts to the simple AR benchmark.
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Table 6: RMSFE with indicator preselection relative to no selection

relative RMSFEs

# of selected indicators h = 1 h = 2 h = 3 h = 4 h = 5

USA 328 0.95* 0.94* 1.02 0.99 1.00

Euro area 473 1.01 1.00 1.05* 1.05* 1.05*

Germany 392 1.03 1.08 0.97 0.99 1.02

France 441 1.02 1.00 1.00 1.03* 1.03*

Italy 426 0.98 1.02 1.01 1.01* 1.01

Spain 349 0.89* 0.90* 0.96* 0.96* 0.94*

United Kingdom 341 0.94* 0.96 1.01 1.06 1.00

Japan 272 1.08* 1.00 0.99 1.04 0.98

Brazil 237 1.21* 1.14 1.06* 1.12* 1.03

India 57 1.13 1.11 1.27 1.04 1.01

South Korea 257 1.12* 1.09* 1.05 0.99 0.99

Taiwan 246 0.98 1.04 1.01 1.03 0.97

This table presents in the second column, the number of indicators from the global database
that have a p-value smaller than 1% for the F -test for the Pass 1 regression. Columns 3 to 7
present the RMSFE of the MF-3PRF model using this preselected indicator dataset relative to
the model using the global dataset containing all 832 indicators. * denotes a p-value smaller than
0.1 for the null hypothesis of equal forecasting performance based on Mariano-Diebold regression
comparing the two models.
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Table 7: Overview of modeling choices

Modeling dimension Choices Short explanation

Ragged Edge Kalman filter Use Kalman filter to extract

information from all available data

Realignment Realign every series such that

AR(2) Fill missing observations with AR(2)

Factor extraction 3PRF Three-pass regression filter

PCA Principal component

GDP forecast U-MIDAS Regress GDP growth on factor and its

lags

Indirect, restricted 1. Forecast factor using Kalman filter

2. Calculate quarterly factor

3. Use contemporaneous correlation of

(forecasted) quarterly factor and GDP to get

GDP forecast

Indirect, unrestricted 1. Forecast factor using Kalman filter

2. Use contemporaneous correlation

of monthly factor and its lags and

GDP to forecast GDP

Proxy L-autoproxy L = 1: Use GDP as proxy.

L = 2: Use residuals from L = 1 as

additional proxy.

L = 3: Use residual from L = 2 as

additional proxy.

...

Data Country-specific dataset Use data specific to the country

Global dataset Pool all country datasets to one large

dataset

Selection No selection Use all series

F-test in Pass 1 Run F -tests for the Pass 1 regressions

and use only series with p-values

below a threshold
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Figure 1: A Monte Carlo experiments
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Panel C: ρg = 0.95, a = 0, d = 0
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The figures plot on the x-axis the month up to (and including) which data are available and
the RMSFE on the y-axis. Panel A presents the performance of the 3PRF and the MF-3PRF
models. Panels B and C present the forecasting performance of the MF-3PRF and PCA models,
together with the infeasible best forecast (IB) for two different DGPs and different sizes of the
training samples.
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Figure 2: The static 3PRF factor
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Panel A presents the 3PRF factor for the US that is obtained if only cross-sectional data are used
to extract the factor. Panel B compares, for the US, the 3PRF factor to the first three principal
components. To extract the 3PRF and the PCA factors, only cross-sectional information is used.
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Figure 3: Pseudo real-time evolution of the 3PRF factor
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This figure presents the evolution of the pseudo real-time estimates of the 3PRF factor for the
USA. The vertical black line denotes January 2000, when the out-of-sample exercise begins.
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Figure 4: Recursive GDP forecasts for different forecasting horizons
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This figure plots the pseudo out-of-sample real-time forecasts for US GDP growth generated by
three different models against actual GDP growth in black. The green line with square markers
represents the forecasts generated by MF-3PRF, the blue line with the circle markers are the
forecasts of the principal-components-based PCA benchmark with one factor, and the red line
with the diamond markers represents the forecasts generated by the AR benchmark. The panels
represent the different forecasting horizons: h = 1 is the backcast, e.g., a forecast made during
Q1 2014 for GDP growth in Q4 2013. h = 2 is the nowcast, e.g., a forecast for growth in Q1
2014 made in Q1 2014, and h = 3, 4, 5 the short-term forecasts, e.g., forecasts for Q2, Q3, and
Q4 2014 made in Q1 2014.
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Figure 5: 4-year rolling RMSEs for different forecasting horizons
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This figure plots the 4-year rolling RMSEs for the pseudo out-of-sample real-time forecasts for US
GDP growth generated by three different models. The green line with square markers represents
the forecasts generated by MF-3PRF, the blue line with the circle markers are the forecasts
of the principal-components-based PCA benchmark with one factor, and the red line with the
diamond markers represents the forecasts generated by the AR benchmark. The panel represent
the different forecasting horizons: h = 1 is the backcast, e.g., a forecast made during Q1 2014
for GDP growth in Q4 2013, h = 2 is the nowcast, e.g., a forecast for growth in Q1 2014 made in
Q1 2014, and h = 3, 4, 5 the short-term forecasts, e.g., forecasts for Q2, Q3, and Q4 2014 made
in Q1 2014.
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Figure 6: Robustness analysis
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Panel C: L-autoproxy with L = 1, ..., 5
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This figure presents the forecasting performance of various alternative specifications of the MF-
3PRF model.
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Figure 7: Temporal evolution of the nowcast
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This figure presents the temporal evolution of the nowcasting performance for US GDP of various
models as additional data arrive. The dataset is extended in weekly steps beginning with the
data structure available on 28 January 2014 and ending with the structure available on 6 May
2014.
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Figure 8: RMSFEs for different countries
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This figure presents the RMSFEs of the pseudo out-of-sample analysis for different countries.
Details on the models compared can be found in Table 3. The data are described in Table 4.
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APPENDIX: additional material
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Figure 9: 3PRF factor based on pooled dataset vs country-specific dataset
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This figure presents the Kalman-3PRF factors that are obtained when using the country-specific
database (black) and the global database (red).
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