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1. Introduction

This paper is part of an impressive programme of work at Norges Bank (NB), which can
be seen as an extension to density forecasts of the large-scale point forecast combination

studies by Stock and Watson and others over the last decade.

It introduces a two-stage or two-step combination method, in a practical forecasting
environment, which raises associated issues of real-time forecasting, nowcasting, data

revisions and the “ragged edge” (Walllis, 1986), all of which are dealt with very well.

Forecast combination in general is subject to the “inefficiency of mean forecasts” noted
by Granger (1989) — “aggregating forecasts is not the same as aggregating information

sets” — but the latter is infeasible given the relative size of k and T.

My comments relate to the authors’ terminology, density forecast combination methods,

weighting schemes, and calibration tests.



2. Terminology

(Added note. In the presentation this slide was left blank. My discussion had been
prepared from the preliminary version of the paper, and included my objections to the
authors’ use of the word “ensemble” to describe their two-stage combination procedure,
on the grounds that “ensemble” is already in use in the (mostly meteorological)
forecasting literature, where it means something quite different from density forecast
combination. To use it here would add confusion, and distract attention from the
originality of the authors’ work. | had put these points to the authors, and when the
revised version of the paper arrived | saw that they had been accepted, since the word in
guestion no longer appears in the paper. However this was at very short notice, and in
the time available the simplest solution was to remove this part of the discussion, and

offer a brief word of explanation on the day.)



3. Three ways of obtaining a combined density forecast

Given: N individual density forecasts f;(y), J=1..,N, atsome time, horizon, etc.
3.1 Linear combination (Wallis, 2005; Zarnowitz, 1969)
N
Finite mixture distribution: f-(y) = ij fj(y) where w; 20, J=1..,N, Zw; =1.
j=1
If f;(y)= N(yj ,(TJZ), J=1..,N, then f-(y) is a mixture of normals (Pearson, 1894).

For any distributional forms, the mean and variance of the combined density are

N N N
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j=1 j=1 j=1

In the case of equal weights, W; =1/N, the variance equation can be interpreted as:

aggregate uncertainty = average individual uncertainty + disagreement.



3.2 Logarithmic combination (Bacharach, 1972)
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This is usually written in geometric form:  fg(y) =

If fj(y)=/\/'(,uj,012),j=1,...,N, then fG(y)=/\/'(/JG,c7é), where

In the case of equal weights:

. 0(25 Is the harmonic mean of the individual variances; this is less than their arithmetic

mean, which is less than the finite mixture variance acz;;

(other NB work finds log combinations better probabilistically calibrated than linear)

* 4g Is the linear combination of the x; with inverse variance weights.



3.3 A more direct approach

Each component density forecast is obtained by centering a normal distribution on the

point forecast and setting its variance equal to the MSE of past point forecasts.

The same method could be adopted for the final combined density forecast: center a

normal distribution on the combined point forecast and set its variance as above.

If normality is “too good not to be true” at the level of the individual forecasting models,

why abandon it at the last?
Log combination preserves normality, but this direct approach saves much computer time!

Note that the estimated weights used for combining density forecasts are comparable to

those used for combining point forecasts ...



4. Weighting schemes

For a normal distribution, the expected log score is E{In f (y)} = —% In (27[02 ) —%.

For a normal density forecast f;(y) with DGP f,(y) we have
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Ey {In f;(y)} =—LIn(270% ) -3

The log score weights in the paper are based on the relative values of
exp)_Infie(y), j=1...N,
t

whose ingredients are the same as the sample point forecast mean square error.

So it would be expected that the estimated combination weights for (a) point forecasts,

and (b) density forecasts centered on those point forecasts, are rather similar.



But estimated weights have large sampling errors.

This explains the “forecast combination puzzle” (Smith and Wallis, 2009): in many
empirical examples the optimal weights are close enough to equality that the estimation

error dominates the effect of the bias that results from assuming equal weights.

Intermediate methods between simple averages and estimated weights have appeared:
¢ shrinkage of estimated weights towards equality
e trim the worst forecasts then use equal weights (Granger and Jeon, 2004)
e clustering of forecasts (Aiolfi and Timmermann, 2006)

¢ two-stage combining (NB, in the present paper and other work)

To date, the first three of these methods relate to point forecasting, where efficiency gains

have been shown to be available from different approaches to combination.

Investigation of the same question for density forecasting would be worthwhile.



5. Calibration tests

An informal check of probabilistic calibration is to look for uniformity of PIT histograms.

Most of the histograms shown have a hump-shaped appearance, suggesting that the

forecast densities are too dispersed, although apparently not significantly so.

Table 2 reports chi-square tests for histograms with 8 classes, which is possibly too many

with only 33 observations (although it allows a decomposition which might be pursued).

Figure 7 uses 5 classes, and my chi-square tests of these histograms give more favorable
results than those in Table 2, with p>0.10. However the chi-square distribution is a large-

sample approximation, and exact finite-sample p-values could be obtained via StatXact.

But Figure 7 also shows a tendency towards skewness in the data, with not enough

outcomes falling in the upper tail of the symmetric forecast densities.

Complete calibration in addition requires independence of the PITs of one-step-ahead

forecasts, or of the inverse normal transforms of the PITs as used in the Berkowitz test.



Two observations on the Berkowitz test:

e for a normal density forecast, the double transformation returns the standardized

point forecast error z; = (yt — Y )/oA't , say, So a test of the significance of the lagged

dependent variable in the Berkowitz regression is equivalent to a test of the first-order

autocorrelation coefficient of the point forecast errors;

e the test uses a normal likelihood, so the maintained hypothesis is z; ~ N(,u,az,pl)

and the null hypothesis is z; ~ N(O,l,O). To test the distributional form, it is possible to

specify an alternative distribution which nests the normal distribution, and include the

additional restrictions that reduce it to normality among the hypotheses under test.

Hence complications arising from both the autocorrelation structure and the distributional
assumptions may be affecting the performance of the test and delivering the conflicting

results in Table 2.
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