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Baqaee & Farhi

I Fascinating set of papers by David & Emmanuel

I Exploration of aggregation results in economies with
non-trivial I-O stucture

I A set of non-intuitive (at first pass) results, that they are able
to communicate and explain very well

I One does learn from reading their work (although it is not
simple)
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Short Recent History of I-O Structure in Macro
I The Long & Plosser (1983) model

× Cobb-Douglas multi-sector economy with analytical solution
× iid sectoral productivity shocks create BC-like fluctuations
× N = 6 sectors

I What about the law of large numbers if N → ∞ ?
I Horvath (1998) :

× the rate at which the law of large numbers applies is controlled
by the rate of increase in the number of full rows in the
input-use matrix

× rather than by the rate of increase in the total number of
sectors

I Dupor (1998) “Aggregation and irrelevance in multi-sector
models”
× Observational equivalence between single and multi-sector

Brock-Mirman models.
× Irrelevance proposition: Different input-output matrices

generate exactly the same spectrum for aggregate variables
×  end of the story (?)
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Short Recent History of I-O Structure in Macro

I Gabaix (2011): some very large (granular) firms  aggregate
volatility.

I Acemoglu et al. (2012): with I-O linkages, the equilibrium size
of firms will depend on the shape of the input-output matrix

I Here, David & Emmanuel address the aggregation problem in
an inefficient economy
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Hulten Theorem

I Hulten Theorem

1 Introduction

The foundations of macroeconomics rely on Domar aggregation: changes in a constant-
returns-to-scale index are approximated by a sales-weighted average of the changes in its
components.1 Hulten (1978), building on the work of Solow (1957), provided a rationale
for using Domar aggregation to interpret the Solow residual as a measure of aggregate
TFP. He showed that in e�cient economies
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where Y is real GDP, Lf is the supply of factor f , ⇤ f is its of total income share in GDP,
TFPi is the TFP of producer i, �i is its sales as a share of GDP.

Although Hulten’s theorem is most prominent for its use in growth accounting, where
it is employed to measure movements in the economy’s production possibility frontier, it
is also the benchmark result in the resurgent literature on the macroeconomic impact of
microeconomic shocks in mutisector models and models with production networks.2

The non-parametric power of Hulten’s theorem comes from exploiting a macro-
envelope condition resulting from the first welfare theorem. This requires perfect compe-
tition and Pareto-e�ciency. Without these conditions, Hulten’s theorem generally fails.3

Our paper generalizes Hulten’s theorem beyond e�cient economies, and provides
an aggregation result for economies with arbitrary neoclassical production functions,
input-output networks, and distortion wedges. Rather than relying on a macro-envelope
condition like the first welfare theorem, our results are built on micro-envelope conditions:
namely that all producers are cost minimizers. Our result suggests a new and structurally
interpretable decomposition of changes in aggregate TFP into “pure” changes in technol-
ogy and changes in allocative e�ciency. It provides a unified framework for analyzing
the e↵ects of distortions and misallocation in general equilibrium economies, the study

1Although we refer to this idea as Domar aggregation, after Evesy Domar, the basic idea of using sales
shares to weight changes in a price or quantity can be traced back at least to the early 18th century writer
William Fleetwood. We refer to this idea as Domar aggregation, since Domar (1961) was the first to propose
it in the context we are interested in: creating an index of aggregate technical change from measures of
microeconomic technical change.

2See for example Gabaix (2011), Acemoglu, Carvalho, Ozdaglar, and Tahbaz-Salehi (2012), Carvalho
and Gabaix (2013), Di Giovanni, Levchenko, and Méjean (2014), Baqaee and Farhi (2017) amongst others.

3See for example the papers by Basu and Fernald (2002), Jones (2011), Jones (2013), Bigio and La’O (2016),
Baqaee (2016), or Liu (2017) who explicitly link their ine�cient models with the failure of Hulten’s result.
Some papers which study distorted networked economies (but place less of a focus on how their results
compare to Hulten’s), are Grassi (2017), Caliendo, Parro, and Tsyvinski (2017), Bartelme and Gorodnichenko
(2015).
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I λi : share of sector i sales in GDP

I David & Emmanuel :

2.3 Comparative-Static Results

In this section, we derive our comparative-static results. Take as given the factor supplies
Lf , the cost functions Ci, and final Demand D. Let X be an (N + F) ⇥ (N + F) admissible
allocation matrix, whereXi j = xij/yj is the share of the physical output yj of producer j used
by producer i. Specify the vector of productivities A and denote by Y(A,X) the output
Y achieved by this allocation.13,14 Finally, define Xi j(A, µ) to be equal to xij(A, µ)/yj(A, µ)
at the decentralized equilibrium when the vector of productivities is A and the vector of
wedges is µ. The level of output at this equilibrium is given byY(A,X(A, µ)).

Now consider how the general equilibrium level of output changes in response to
shocks d log A and d logµ:
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The change in output can be broken down into two components: the direct or “pure” e↵ect
of changes in technology d log A, holding the distribution of resources X constant; and
the indirect e↵ects arising from the equilibrium changes in the distribution of resources
dX. Essentially, changes in allocative e�ciency are the gap that opens up following a
shock between the equilibrium level of output and a passive allocation that just scales the
initial allocation proportionately without allowing any other form of reallocation through
substitution. The passive allocation constitutes a benchmark without reallocation, and so
it stands a useful yardstick against which to measure changes in allocative e�ciency in
the equilibrium allocation.15

Now, we extend Hulten (1978) to cover ine�cient economies and provide an inter-
pretation for the result. We also extend Hulten’s theorem along another dimension by

13The allocation matrix is admissible if the following conditions are verified: 0  Xi j  1 for all i and j;
Xi j = 0 for all j and for N+1  i  N+F;

PN+F
i=1 Xi j  1 for all 1  j  N;

PN+F
i=1 Xi j = 1 for all N+1  j  N+F;

and there exists a unique resource-feasible allocation such that the share xij/yj of the output yj of producer
i which is used by producer j is equal to Xi j, so that Xi j =

xij

yj
.

14To see how to construct this allocation, consider the production functions Fi defined as the duals
of the cost functions Ci in the usual way. Then the vector of outputs yi solves the system of equations
yi = Fi(X1iy1, . . . ,X(N+F)iyN+F) for 1  i  N and yN+ f = Lf for 1  f  F. The corresponding level of final
consumption of good i is ci = yi(1 �PN+F

j=1 X ji) and the level of output isD(c1, . . . , cN).
15The changes in the passive allocation in response to productivity shocks d log A are easily derived.

Since the elasticity of a production function to an input is given by its cost share, we have @ logY/@ log Ai =PN
j=1 bj@ log yj/@ log Ai, where @yj/@Ai must solve the following system of equations: @ log yj/@ log Ai =PN
k=1 ⌦̃ jk@ log yk/@ log Ai + � ji. This implies that @ log yj/@ log Ai = bj ̃ ji and @ logY/@ log A =  ̃0b0 = �̃0.

Moreover, the passive allocation is invariant to wedge shocks so that @ log yj/@ logµi = 0.
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I Second term is zero in undistorted economies, but not in
distorted ones

I Therefore, the very details of the I-O matrix matter, and not
only the Domar weight (sales share as a fraction of GDP)
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Growth Accounting in an Inefficient Economy with an I-O
Structure

I Spectacular result :

× US 1997-2015,
× Allocative efficiency has improved, and accounts for about

50% of TFP growth,
× Even though (if fact because) markups have increased
× Explanation : markups on average have increased because

firms that charge large markups have gotten larger.
× Firms that had large markups were too small from an

allocative efficiency point of view
×  allocative efficiency has increases if their size has increase.

I But of course, at the same time, the gains from reducing
markups have increased (equivalent to a 20% increase in TFP)
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Focusing on Business Cycles

I I have one interrogation that I am not sure I can clearly
formulate (but it sometimes wakes me up at night)

I Business cycles are not the focus of that paper

I I miserably failed trying to get some results, even in super
simple two-firms economies

I Let’s agree (?) that Business cycles are ultimately about the
fluctuations in the intensity of factors usage

I For short, it is about fluctuations in hours worked

I I-O linkages are essentially rounds of production of goods with
other goods

I The literature has focussed on quantities (Value-added, firms
size, etc...)

I How important is the I-O structure for fluctuations in hours
worked?

I Am I wrong to think that it does not matter much?
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