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Introduction

Nalewaik’s topic, the measurement of aggregate output, is of central importance. His case
for GDP(I) as opposed to GDP(E) is well-argued, and in certain key respects persuasive.
Henceforth it will be impossible for macroeconomic analyses to proceed comfortably simply
using GDP(E), as if the choice of GDP(E) vs. GDP(I) were inconsequential. Exclusive focus
on GDP(E) will require justification and perhaps abandonment.
In my view, however, universal prescriptions are unlikely to emerge.1 Rather, the comparative merits of GDP(E) vs. GDP(I) depend on context. That is, use of GDP(E) vs. GDP(I)
will likely produce different answers for some questions, and effectively indistinguishable
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My remarks should not be construed as implying that Nalewaik intends to offer universal prescriptions.
My intent is simply to dissuade others from interpreting them as such.
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answers for others. I will substantiate this claim in two contexts: aggregate output measurement, and business cycle measurement. I will emphasize, moreover, that the important
issue is not which of GDP(E) vs. GDP(I) is “better”, but rather how best to combine them,
and what is ultimately added by GDP(I). I will argue that GDP(I) has much to add for
aggregate output measurement, and little to add for business cycle measurement.

2

Aggregate Output Measurement

Consider first GDP(E) vs. GDP(I) for measuring aggregate output. This is the context in
which Nalewaik primarily works, and in my view it is the context in which his assertions
are most persuasive. He argues from a variety of perspectives that GDP(I) may be superior
to GDP(E). That’s initially surprising – indeed shocking – given GDP(I)’s near-universal
neglect. But one must not over-interpret the result. Even if one grants that several arguments
favor GDP(I) when forced to choose between GDP(E) and GDP(I), one must also recognize
that there is no need to choose. Instead, there may be gains from combination.
Consider forming a combined GDP measure, GDP(C), by taking a convex combination
of GDP(E) and GDP(I),
GDP(C) = λ · GDP(E) + (1 − λ) · GDP(I).
This is just a “portfolio” of GDP measures. Under conditions from the forecast combination
literature, the optimal portfolio weight, λ∗ , is2
λ∗ =

1 − φρ
,
1 + φ2 − 2φρ

where φ = var(eGDP(E) ) / var(eGDP(I) ), ρ = corr(eGDP(E) , eGDP(I) ), eGDP(E) = GDP − GDP(E),
and eGDP(I) = GDP − GDP(I). It is natural and desirable that λ∗ depend on the variance
ratio φ = var(eGDP(E) ) / var(eGDP(I) ). In particular, as var(eGDP(E) ) increases relative to
var(eGDP(I) ), the optimal weight on GDP(E) drops, other things equal. It is similarly natural
that λ∗ depend on ρ = corr(eGDP(E) , eGDP(I) ), which determines the benefits of portfolio
diversification.
I illustrate the situation in Figure 1, showing λ∗ as a function of φ, for various values
of ρ. For φ = 1, the optimal weight on GDP(E) is always 1/2, and the optimal weight
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See Diebold (2007) and the references therein.
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Figure 1: Optimal Combining Weight vs. Error Variance Ratio, for various Correlations

drops toward zero as φ increases. The speed with which it drops, moreover, increases as ρ
increases.3
The key observation is that, except under extreme φ and/or ρ conditions, both GDP(E)
and GDP(I) should receive significant weight in an informed assessment of aggregate output.
Suppose for example that φ = 1.10 (i.e., var(eGDP(E) ) is ten percent greater than var(eGDP(I) ))
and ρ = 0.50 (i.e., eGDP(E) and eGDP(I) are positively correlated, but not overwhelmingly so).
Then the middle panel of the figure indicates an optimal GDP(E) weight of φ = 0.40. Weights
near 0 or 1 would require extreme variance ratios and/or extreme correlations. Optimal
weights may however be time-varying, reflecting changes in measurement-error variances
and covariances (e.g., over the business cycle).
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Business Cycle Measurement

Now consider measuring the business cycle, another task of central importance, as also
emphasized in Nalewaik’s paper. A key insight, emphasized by Burns and Mitchell (1946)
and Lucas (1977), and clearly reflected, for example, in the NBER’s business cycle dating
methodology, is that the business cycle is not about any single variable (including GDP).
That is, we see many business conditions indicators (including GDP) that are related to the
business cycle, but no single indicator is the business cycle.
The so-called dynamic factor model embodies the Burns-Mitchell-Lucas insight and has
become a standard tool for empirical characterization of the business cycle (e.g., Sargent
and Sims (1977); Stock and Watson (1989); Diebold and Rudebusch (1996); Aruoba and
3

As ρ increases, the gains from diversification decrease, so one diversifies less, other things equal.
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Figure 2: Extracted Business Cycle Real Activity Factor Using GDP(E) vs. GDP(I)

Diebold (2010)). In the dynamic factor framework, one treats the state of the business cycle
as latent, with observed business conditions indicators providing noisy signals, and uses the
Kalman filter to produce optimal estimates of the business cycle from the noisy signals.
Does GDP(E) vs. GDP(I) matter for business cycle measurement, which, as we have emphasized, involves monitoring not only GDP but also a variety of other business conditions
indicators? I will address the question using a five-variable dynamic factor model nearly identical to that of the Federal Reserve Bank of Philadelphia (www.philadelphiafed.org/researchand-data/real-time-center/business-conditions-index/) based on payroll employment, industrial production, personal income less transfers, manufacturing and trade sales, and GDP.4
In Figure 2 I show the business cycle factor extracted using several versions of the fiveindicator dynamic factor model. The top panel uses GDP(E), whereas the middle panel
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See Aruoba and Diebold (2010) for details.
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uses GDP(I). The difference is negligible. Evidently, given the information in the other
four indicators, it makes no difference which estimate of GDP is included as a fifth. Indeed
the bottom panel, based on a four-variable model that simply excludes GDP, produces a
nearly-identical business-cycle factor.
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Concluding Remarks

Nalewaik’s insightful and eye-opening paper deserves significant professional attention. As
my discussion has emphasized, however, the relevant question is not likely “Which of GDP(E)
and GDP(I) is better?”, or “Which of GDP(E) and GDP(I) should we use?” Rather, it is how
best to blend GDP(I) with GDP(E). As I have illustrated, GDP(I) has much to contribute
in some contexts, and little in others.
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