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This paper presents the theoretical framework developed by Liu (2019) for analyzing the impacts
of industrial policy, with applications to South Korea, China, and Brazil. Using a general equilibrium
model that incorporates market imperfections and input-output linkages, Liu (2019) demonstrates
the existence of a synthetic measure — distortion centrality — related to a sector’s position within the
production network. This measure indicates: a) which sectors should receive targeted subsidies;
and b) the optimal priority ranking among them. We discuss Liu's (2019) main findings when
applying this framework to assess industrial policies in South Korea during the 1970s and in
modern-day China. The results show a strong correlation between the sectors prioritized in these
historical experiences and the ranking recommended by the theory. As an original empirical
application, we compute the sectoral ranking for Brazil in 2019, identifying the industries that,
according to this framework, should be prioritized for government support. The key findings are:
i) industrial sectors dominate among those classified as high-priority, but some industries fall outside
the group recommended for subsidies; ii) in the service sectors, there are both intermediate-priority
sectors and those for which government support is not advised; and iii) agricultural sectors are
within the eligible range for support but rank at the lower end of the priority scale.
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POLITICA INDUSTRIAL EM REDES DE PRODUCAOQ: QUAIS SETORES
PROMOVER NO BRASIL?

Este artigo apresenta o arcabouco teorico de Liu (2019) para andlise de impactos da politica
industrial e aplicacdes para a Coreia do Sul, a China e o Brasil. Em um modelo de equilibrio
geral com imperfeicoes de mercado e elos de insumo-produto, Liu mostra que existe uma medida
sintética relacionada a posicdo dos setores na rede de produgdo — a centralidade de distor¢do —
que indica: a) quais setores deveriam ser contemplados com subsidios direcionados; e b) dentre
estes, qual é o ordenamento 6timo de prioridade entre os setores. Discutimos os principais
resultados obtidos por Liu (2019) ao aplicar este arcabougo para avaliar as politicas industriais
da Coreia do Sul nos anos 1970 e da China contemporanea. Ha alta correlacdo entre os setores
priorizados nestas experiéncias histdricas e o ordenamento recomendado pela teoria. Como
aplicacdo empirica original, calculamos qual seria para o Brasil em 2019 o ordenamento de setores
que esta teoria indica como prioritarios para a concessao de apoio governamental. Os principais
resultados sdo: i) ha um predominio de setores da industria entre aqueles com alta prioridade, mas
também ha setores industriais que estdo fora do grupo de setores a que se recomenda 0 apoio;
ii) nos servicos, ha tanto setores com posicdes intermedidrias na ordem de prioridade quanto
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setores aos quais ndo se recomenda a concessdo de subsidios; e iii) os setores da agropecudria
estdo na regido elegivel para apoio, mas em posicdes de baixa prioridade.

Palavras-chave: politica industrial; subsidios; insumo-produto; redes de producdo; equilibrio geral.

POLITICA INDUSTRIAL EN REDES DE PRODUCCION: ; QUE SECTORES
IMPULSAR EN BRASIL?

Este articulo presenta el marco tedrico desarrollado por Liu (2019) para analizar los impactos de la
politica industrial, con aplicaciones a Corea del Sur, China y Brasil. Utilizando un modelo de equilibrio
general que incorpora imperfecciones de mercado y encadenamientos insumo-producto, Liu
(2019) demuestra la existencia de una medida sintética — centralidad de distorsion — relacionada
con la posicion de los sectores dentro de la red productiva. Esta medida indica: a) qué sectores
deberian recibir subsidios dirigidos; y b) el orden 6ptimo de prioridad entre ellos. Se discuten los
principales hallazgos de Liu (2019) al aplicar este marco para evaluar las politicas industriales de
Corea del Sur en la década de 1970 y de la China contemporanea. Los resultados muestran una
alta correlacion entre los sectores priorizados en estas experiencias histéricas y el ordenamiento
recomendado por la teoria. Como aplicacién empirica original, se calcula el orden de prioridad de
los sectores en Brasil para el afio de 2019, identificando aquellos que, seguin este marco, deberian
recibir apoyo gubernamental. Los principales resultados son: i) los sectores industriales predominan
entre los clasificados como de alta prioridad, pero algunos quedan fuera del grupo recomendado
para subsidios; ii) en el sector de servicios, hay tanto sectores con prioridad intermedia como
sectores para los cuales no se recomienda apoyo gubernamental; y iii) los sectores agropecuarios
estan dentro del rango elegible para apoyo, pero en posiciones de baja prioridad.
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1 INTRODUCTION

Industrial policy has become central to the global economic debate once again.
Since the 2008 crisis and the COVID-19 pandemic, which exposed weaknesses
in the globalized economy and pushed for greater state intervention in the
economy, major economic powers have been reassessing and adopting new
industrial policy strategies. The reorganization of global production networks,
driven by various shocks and recent geopolitical tensions, has prompted
moves to reallocate production and provide greater protection for strategic
sectors. Historical examples such as Japan, South Korea and Taiwan, and the
contemporary case of China, illustrate the continuing nature of this approach.
In Brazil, the most recent manifestation of this shift took shape in the formulation
of the New Industry Brazil (NIB), launched in 2024. However, the effectiveness
and justification for such government interventions remain a matter of intense
debate in economic literature.
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Liu's (2019) study is a relevant contribution to this debate, as it establishes
the circumstances that justify the use of industrial policy within the framework
of general equilibrium theory. Liu presents a model that clarifies the logic
behind industrial policy, considering sectoral interdependencies and market
imperfections. Additionally, this model provides an objective criterion for
prioritizing sectors and evaluating the impact of sectoral subsidies, which is
applied to the experiences of South Korea and China.

This article discusses the main conceptual aspects of Liu's (2019)
framework, presents conclusions drawn by the author regarding the industrial
policies of South Korea in the 1970s and modern-day China and, finally, draws
recommendations for pursuing industrial policy in Brazil. We applied Liu's
criteria to rank priority sectors for government incentives based on Brazilian
input-output tables.

Liu's (2019) originality lies in his approach to examining the effects of
market imperfections in economies organized as production networks, and how
industrial policy, defined as the allocation of subsidies to particular sectors, can
counteract the negative consequences of these imperfections.

The author departs from a general equilibrium theoretical framework with
very broad assumptions about technology, without assuming a specific functional
form for the production function. He considers the existence of market
imperfections, which affect intermediate input transactions between sectors.
These imperfections generate a wedge between the price associated with the
supplier's production costs and the price paid by the sector demanding the input.
Several economic scenarios can be represented by these market failures, such as
monopolistic power held by companies, inadequate credit markets, production
externalities, and institutional failures in contract design, among others.

The existence of market imperfection wedges reduces demand in each
sector to a sub-optimal level compared to the output that would prevail in an
economy without any market failures. Industrial policy is implemented through
government subsidies to specific sectors, which boost trade in intermediate
inputs and can help mitigate the negative effects of market imperfections.
It is shown that aggregate income and welfare are higher when the government
grants subsidies for this purpose.

However, the proposed industrial policy does not involve intervening
in all sectors impacted by market imperfections. The government is restricted
by its budget constraints, so every subsidy must be compensated by higher
taxes or lower public spending, which generates welfare losses for households.
The decision of whether or not to subsidize an economic sector will depend on
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its position in the production network, as the impact of the intervention on
overall income and welfare is influenced by this positioning.

Liu (2019) demonstrates that there is a synthetic measure that is sufficient
to guide decisions on which sectors to promote: the distortion centrality. This
measure is directly proportional to the relevance of a sector in the production
network and inversely proportional to its relative size in the economy. In sectors
with high relevance, the positive effects of subsidies are multiplied to other
sectors. However, relatively larger sectors require more government subsidies in
order to be effectively promoted, which reduces the return per unit of subsidy.

The relevant measure of the importance of sectors in the production
network is associated with their role as suppliers to other sectors. Priority sectors
tend to be upstream within production chains, that is, those sectors which
supply directly or indirectly to many other sectors.

We present the main findings of Liu's (2019) application of this framework
to examine South Korea's and China’s industrial policy. The empirical analysis
reinforces the validity of the distortion centrality criterion as a tool for guiding
industrial policies. Using data from South Korea in the 1970s and modern-day
China, the author indicates that sectors that are positioned upstream in
production chains, such as metallurgy, chemicals and industrial equipment, have
high values of distortion centrality, which indicates their potential as preferred
targets for intervention. In South Korea, the sectors that were promoted by the
"Heavy and Chemical Industry (HCI)" program broadly align with those that
had high distortion centrality, suggesting that industrial policies targeted at
those sectors were successful. Similarly, in modern-day China, central sectors in
the production network are also those that receive state incentives, such as easier
access to credit and public investment via state-owned enterprises, suggesting
that Chinese government strategically prioritizes sectors that generate higher
aggregate impacts.

The counterfactual results presented by Liu (2019) also reinforce this
conclusion: he compares the gains obtained by implemented policies with those
that would have been generated by alternative criteria. The author shows that
prioritizing sectors solely based in their share of GDP or final consumption
would lead to aggregate losses, while prioritizing only exporting sectors or only
those with a high share of intermediate inputs would generate positive gains —
but lower than those obtained with the policies that were actually implemented.
In the Chinese case, different strategies for estimating market imperfections
indicate that implemented policies have resulted in a significant increase in
aggregate efficiency, suggesting that well-targeted subsidies can mitigate
distortions and generate substantial income gains. Thus, the alignment of South
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Korea's and China's industrial policies with the logic proposed by Liu (2019)
provides a robust empirical basis for applying this model in other contexts,
including in Brazil.

The major contribution of our paper is to calculate the distortion centrality
measure for Brazil at the 67-sector level for 2019, and based on that, we
recommend a rank of priority sectors to receive government incentives.

If we analyze the Brazilian case by grouping sectors into four groups and
considering the average distortion centrality per group, we will conclude that
industry is the priority sector to be promoted, followed by agriculture, while
services and government activities should not receive targeted subsidies.

However, in the analysis of 67 sectors individually, we observe that there is
substantial heterogeneity in the industry and services groups. Among the priority
sectors, there is still a predominance of industry, which occupies 14 of the first
15 positions in the distortion centrality ranking. However, in the intermediate
positions, there is an alternation between industry and service sectors. In other
words, there are service sectors that are eligible for receiving subsidies.

Disaggregated analysis into 67 sectors also indicates that agricultural sectors
should have a low priority in subsidy allocation, as they rank among the lowest
of the eligible sectors.

In the range of sectors not eligible for targeted subsidies, with very low
distortion centrality values, there are service sectors and government activities,
but also several industry sectors. In other words, not all industry sectors should
be covered by industrial policy.

Finally, we compared distortion centrality with other ordering criteria. As
observed for South Korea and China, the correlation with distortion centrality
is negative for the sectors' share of GDP and positive for the exported fraction of
production. Even so, there are sectors that export little and have high distortion
centrality, as well as sectors with both low distortion centrality and low exports.
Thus, relevance as an exporter is not a criterion that replaces distortion centrality
in defining industrial policy priorities.

This paper is organized as follows. In section 2, we contextualize Liu's
(2019) contribution and how we apply it to Brazil in the light of the relevant
literature. Section 3 presents the foundations of the conceptual framework and
section 4 shows the results of applying his model to examine Chinese and South
Korean experiences. In section 5, we explain our method of analysis, based on
Liu’s (2019) framework and data from Brazilian databases. The paper concludes
with a discussion on further investigations into industrial policy analysis.
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2 RELATED LITERATURE

Liu's (2019) methodology contributes to the theoretical and empirical literature
on the role of production networks in amplifying resource misallocation problems,
which according to Baqace and Farhi (2020) dates back at least to Marshall.
Contemporaneously, this debate has been revitalized by Restuccia and Rogerson
(2008), Hsieh and Klenow (2009) and a wide range of subsequent literature.

As Restuccia and Rogerson (2013) point out, aggregate productivity losses
due to misallocation of resources occur if: i) there is heterogeneity between
companies in an economy; and ii) there are imperfections that distort the
optimal choices of economic agents, allocating a greater share of production
inputs to less productive companies than they would receive in an eflicient
economy without such imperfections. The indirect approach to empirically
assessing resource misallocation assumes the existence of wedges applied to
prices, which are formally represented in a similar way to an indirect tax or a
firm's mark-up. These wedges represent the set of distortions caused by various
sources of market imperfections. By comparing the US, China and India using
micro-data from firms, Hsieh and Klenow (2009) estimate that if the dispersion
of market imperfection wedges in the two Asian countries were reduced to the
level of the US, the productivity gain would be 30% to 50% in China and 40%
to 60% in India.

The possibility of negative impacts on total factor productivity induced by the
misallocation of resources is often mentioned in criticisms of industrial policy.
The argument is that subsidies targeted at sectors create deviations from the
choices that would be made without government intervention, through the free
functioning of markets, and tend to inflate the participation of low-productivity
companies in the economy. For example, in Restuccia and Rogerson (2008) this
occurs as a result of imperfections modeled as a system of firm-specific taxes
and subsidies. Huang, Ge, and Zhou (2024) analyze a revitalization plan for
ten industries in China and conclude that selective policies exacerbate the
misallocation of capital, with effects that remain even after the end of the program.

One segment of this literature explores the role of production networks in
amplifying the effects of resource misallocation. Jones (2013) emphasizes this
point, arguing that resource misallocation also manifests itself through deviations
from the optimal sectoral composition of the economy and that input-output
links between sectors can magnify adverse impacts of distortions, considering
Cobb-Douglas production functions. Bigio and La' O (2020) extend this analysis
to a model that considers distortions in labor supply choices, also under Cobb-Douglas
production functions, and conclude that the US input-output structure doubled
the negative impacts of financial distortions during the 2008-09 crisis.
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Bagaee and Farhi (2020) presented theoretical findings considering input-output
linkages under general forms for the production function. Their findings suggested
that eliminating the misallocation of resources generated by mark-ups in the US
economy would raise total factor productivity by 20% (Baqace and Farhi, 2020).

Liu (2019) innovates by presenting a model of industrial policy in
which the misallocation of resources and production networks admits the
possibility that such policies have positive effects. The typical treatment of
market imperfections in the misallocation literature is as a tax Tj; (or subsidy)
that is specific to purchases of input j by a firm or sector i and changes the
price actually paid to (1 + 7j;)pj, where Pj is the price of the input without
the effect of the distortion. The wedge 7j; can represent different types of
imperfections, such as mark-ups or the costs of obtaining credit in an economy
with financial imperfections. Industrial policy is generally interpreted as a set
of subsidies (7ji < 0) which, like other imperfections, distort prices compared
to the optimal allocation. Liu proposes treating sector subsidies and market
imperfections separately. Thus, the market price will be given by (1 + x;; — 7:)p},
where Xji represents distortions that already existed in the economy before state
intervention and Tj; subsidies directed at sectors.

In other words, if the government does not adopt any kind of industrial
policy, Tj; = 0, the free market does notlead to an allocation without misallocation
of resources, due to imperfections X ji. In fact, the government can use sector-targeted
subsidies to undo the adverse impacts of misallocation, for example by stipulating
Tji = Xji. However, Liu (2019) shows that the governments optimal policy
response, which maximizes consumption and workers’ welfare, is not to grant
subsidies that undo the effects of all sources Xji of misallocation.’ The reason is
that, in general equilibrium, subsidies should be funded by workers themselves,
either through taxes or reduced provision of public goods. The author shows that,
under certain assumptions, distortion centrality is a sufficient measure to indicate
in which sectors the social benefit outweighs the social cost of subsidies.

It is worth mentioning that the Lius (2019) framework is not intended to
exhaust all the dimensions of analysis relevant to industrial policy. For example,
another common criticism of industrial policy is that it allows rent-seeking to

3. Note that a subsidy such as Tj; = X ji does not imply that the imperfection X ji will cease to exist, but rather that the
misallocation caused by it will be undone. For example, if X ji represents mark-ups that the firm selling commodity j can
charge because it holds monopoly power, this firm sets a price above the level of perfect competition and reduces the
quantity produced below what would be the social optimum. In this case, industrial policy will mean granting subsidies
to the monopolistic company in proportion to its sales, so that it increases its production to the socially desired level.
Liu shows under what conditions it is socially desirable to grant this subsidy, taking into account only the welfare of the
workers and disregarding the welfare of the monopolist favored by the subsidy. All of this analysis is carried out under
the assumption that the government does not have the power to eliminate imperfection Xji, for example through
competition policy, or that it observes the effects of imperfection X i, but is unable to determine its origin.
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occur, when interest groups influence the policy-making process for their own
benefit, to the detriment of overall economic efficiency. Liu's framework (2019)
does not address this issue. However, by providing a clear and well-founded
criterion in economic theory for granting subsidies to specific sectors, it helps to
separate subsidies that are justifiable to society from those that may be favoring
only certain interest groups.

Juhdsz, Lane, and Rodrik (2024) review the recent literature on industrial
policy, covering arguments both for and against it, the process of conducting
such policies and the results of impact analyses. The authors indicate that recent
studies adopting different methodologies aligned with mainstream economics
have reached conclusions favorable to this type of policy, in contrast to the
largely pessimistic view that has traditionally predominated among economists.
The article by Liu (2019) is mentioned as one of these works, which presents a
formal framework.

Liu's (2019) approach can be adapted to other classes of general equilibrium
models under more specific hypotheses regarding the shape of the production
function, giving rise to studies that relate industrial policy to other macroeconomic
issues. For example, New Keynesian models assume that firms have market power,
which can be represented by imperfection Xji. There are papers that introduce
production networks into New-Keynesian models, such as Carvalho, Lee, and Park
(2021), which analyzes how input-output links lead to differentiated responses
of the economy to macroeconomic and sector-specific shocks. Analyses based on
New-Keynesian models generally assume that the long run equilibrium of the
economy is given. Therefore, in principle, they are not suitable for evaluating
industrial policy, whose explicit aim is to intervene in the productive structure of
the economy, as Juhdsz, Lane, and Rodrik (2024) point out. However, it is possible
to introduce elements of Liu's approach into a New-Keynesian model to analyze
not only how industrial policy changes the economy's long run equilibrium, but
also the transition costs from one equilibrium to another. For example, industrial
policy that is implemented through subsidized credit could yield long run benefits
but, in the short run, weaken the effectiveness of monetary policy.

Regarding other studies applied in Brazil that consider intersectoral
relations in their analysis, we can highlight some differences with approaches
based on input-output analysis.

Input-output analysis has a long tradition in economics since the pioneering
work of Leontief (1936). However, as Miernyk (1965) had pointed out, it is a
model that does not address issues such as substitution between factors or dynamic
adjustments. Although widely used for descriptive analysis, these models have
limitations for normative policy evaluation.
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Similarly to Leontief’s input-output model, Liu’s methodology also does not
consider dynamic adjustments to capital accumulation, assuming that factors of
production have a fixed supply. However, it advances in other crucial aspects for
industrial policy analysis: i) it provides a general equilibrium analysis of sectoral
interventions’ effects, including a cost-benefit assessment of granting subsidies
for each sectors; ii) it does not depend on specific functional forms for production
functions, as is the case with Leontief’s fixed proportions technology. Input-output
analysis assumes that all prices are fixed if the quantities vary, while the results based
on Liu (2019) are compatible with any distribution of impacts between prices
and quantities arising from production functions with constant returns to scale;
iii) it explicitly incorporates market imperfections in a structure of production
networks, which allows for a better theoretical foundation for industrial policy
as an action that maximizes social welfare; iv) it offers an objective criterion for
prioritizing sectors, the distortion centrality, while studies based on input-output
analysis are based on a set of indicators, which may eventually contradict each other.

Among several studies that apply input-output techniques to identify key
sectors of the Brazilian economy, we highlight two that draw implications for the
adoption of industrial policies. Marconi, Magacho, and Rocha (2014) analyze
the development strategies in the BRICS and they find that manufacturing
sectors exhibit higher backward linkage indices in these countries. These authors
conclude that manufacturing sectors are more dynamic in stimulating the
production of the economy in general.

Later, the same authors have reinforced this interpretation in Marconi,
Rocha, and Magacho (2016), a study focused on the Brazilian economy that
compares input-output analysis indicators for commodity-producing sectors
with manufacturing sectors. They consider employment multipliers, production
multipliers, forward and backward Hasmussen-Hirschman linkage indices, and
normalized versions of these indices. Analyzing this set of indicators for the decade
from 2000 to 2009, the authors argue that the manufacturing sectors, and the oil
sector among industrial commodities, present the best set of indices. Therefore,
they recommend development strategies based on promoting these sectors, to the
detriment of the other commodity sectors and service sectors, whose sets of
indices are typically less favorable.

Liu's approach points out to the preponderance of upstream sectors in
production chains among those with high distortion centrality values, which
are those recommended for priority support under industrial policy. In the
input-output analysis, upstream sectors tend to be those with high forward
linkage indices. There is a coincidence between sectors that are in the top positions
of the distortion centrality ranking, as we present in section 5 of this paper, and



152 revista tempo do mundo | rtm | n. 36 | dez. 2024

sectors with high forward linkage indices pointed out by Marconi, Rocha, and
Magacho (2016), such as oil, the chemical industry, mineral commodities,
and machinery and equipment manufacturing. Thus, a natural extension of
the study presented here would be the comparison of Liu's methodology with
traditional input-output analysis in order to refine the discussion on sector
selection criteria.

3 THEORETICAL FOUNDATIONS: PRODUCTION NETWORKS AND
INDUSTRIAL POLICY

3.1 The model

Here we present the main equations of Liu’s model (2019) to explain how the
author addresses industrial policy. For more details, we recommend reading
the original article. Consider an economy that produces N intermediate goods
and one final good. For intermediate goods, the production technology in each
sectori = 1,..., N is given by:

Qi = ziF(Ly, {M;i37-,) (1)

Where Q; is the output of the sector i, Z; is productivity, Fj is a production
function, L; is the labor factor, and Mj; is the intermediate input j used in the
production of the sector i.*

Labor is the only factor of production and its total supply L is fixed and
allocated among the N sectors, respecting YN L; = L.In fact, L can represent any
factor of production or aggregated factors of production, as long as the supply of
the factor is fixed.

The product Q; can be employed as an intermediate input M;; in the
production of the various sectors j = 1,...,N or in the production of the final
good Y ¢, which follows the production technology specified by:

Y6 = F(Yy, ..., Yy) ()

4. Liu (2019) uses M;; to represent intermediate input sales from sector j to sector i. In this paper, we prefer to denote
this variable as Mj;, in line with the conventional notation used in input use tables, where the row sector is the seller
and the column sector s the buyer. For example, in Liu's (2019) notation, M = [My;] corresponds to the transpose of the
use table published by the Brazilian Institute of Geography and Statistics (IBGE) and other official statistical agencies,
whereas in our notation, M = [M;;] represents the use table itself. All equations and variables with two sectoral indices
have been revised to maintain consistency with this notation. We do not adopt the standard input-output analysis
convention of using i for the selling sector and j for the purchasing sector, in order to avoid greater discrepancies with
the notation used by Liu (2019).
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Where Y;, fori = 1, ..., N, indicates the use of the good i to produce the final
good. The sum of all the uses of the good Q; must equal the quantity produced,
LM +Y = Q;

No particular functional form will be imposed for the production functions F
and F;, i = 1, ..., N. It is assumed that all these production functions are subject to
constant returns to scale and satisfy certain mathematical properties, which are
necessary for the demonstration of the results.’

For the N intermediate goods sectors, the selling price of the product Q; is
represented by P; and its cost of production will be equal to:

N
c;(Q) = 2(1 —Tji + xji)PiM;; + WL; 3)

j=1

Where P; is the price of the input j, W is the wage, Xji represents market
imperfections affecting sales from the j sector to theisector and j; are government
subsidies for these sales.

The last equation presents the first distinctive features of Liu’s (2019)
approach, in which we can highlight three aspects. First, the parameter Xji can
represent a wide range of market imperfections that exist in the real world, such
as monopoly power, credit market failures, externalities, transaction costs and
restrictions on establishing contracts. The existence of any of these imperfections
creates a wedge that raises input prices: a producer i willing to buy a quantity Mj;
of the intermediate good j at a price P; will pay an additional of X;iPiM;i due to
market failure.

For example, this could happen because the seller j has the market power
to charge a higher price than under perfect competition. Or because the buyer
needs to pay for the input J before selling his production and needs to take out
credit with a financial intermediary, at an interest rate that will be higher the
more imperfect the credit market is.

As the market imperfections wedges raise to (1+ x;i)P; the price that is
actually paid by the buyer in the sector i, the quantity bought M;; will be lower
than it would be in a hypothetical economy without imperfections, so there will
be inefliciencies in the economy under imperfections.

Second, the government can grant subsidies 7j; to the sector’s purchases i
and those subsidies remove the effect of imperfections X;i.® Therefore, the price

5. Production functions are continuously differentiable, increasing and concave in their arguments.

6. In Liu (2019), the author also considers the possibility of government subsidies for hiring workers. To simplify the
exposition, we are removing these subsidies, which does not generate any essential change in the results presented here.
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that the buyer actually pays for the input will be equal to (1 —j; + x;;)P;, so the
government has the power to neutralize the market imperfection if it grants
subsidy of a value of 7j; = xj;. In this model, these sector-targeted subsidies
are the instrument of industrial policy, which can represent various forms of
government policy. For example, in the case of imperfections in the financial
market, they can represent subsidized credit.

Thirdly, it is considered that the economic costs arising from market
imperfections are dissipated and do not generate gains for any agent. Formally,
all payments associated with market imperfections on purchases from sector i
correspond to quasi-rents I; = X, x;;P;M;;, which are different from rents WL;
because they do not remunerate a factor of production, and these quasi-rents
correspond to deadweight losses.”

These three points allow Liu to formally address industrial policy from a
broader perspective compared to other analyses:

1) Without considering the existence of market imperfections, the typical
neoclassical result would be that there is no justification for industrial
policy, since any government intervention moves the economy away
from the social optimum produced spontaneously by market forces.

2) Government subsidies and market imperfections are distinct economic
forces. The economic literature that analyzes the causes and effects of
misallocation of resources often considers government action itself as
a source of inefficiency. Liu’s (2019) framework considers that market
failures already exist before any government intervention. Government
action has the power to increase the efficiency of the economy, if it is
properly directed.

3) Expenses related to market failures are dissipated. In a usual model in
which a representative household receives the quasi-rents, there will not be
the same welfare gain from the dissolution of the effects of market failures.

4) 'The interaction between market failures and the production
network structure has important implications for industrial policy
recommendations, as we are going to discuss further.

7. Liu (2019) assumes that the agent who earns the quasi-rents has a utility cost to act, whose monetary value is equal
to the value of the quasi-rents, so that the existence of imperfections does not generate positive welfare effects for
anyone. The same results presented here would be valid if we considered that the agent holding the quasi-rents does
not have this utility cost, but their well-being is disregarded when assessing the social value of industrial policy. For
example, if we assume that society is divided between rentiers who earn the quasi-rents and workers who are paid
for their work. The results presented here remain valid if the government only cares about workers' consumption and
income when making industrial policy decisions, ignoring the interests of rentiers. This distributive conflict is a possible
future direction for exploring the implications of industrial policy in the field of political economy.
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We can write the value added of sector i as:
N
PiQ; — Z PiM;; = WL +11; = S; (4)
=1

Where S; = X1 1;:P;Mj; is the total amount of subsidies granted to the
sector i. Considering that the final good Y ¢ is the economy’s numeraire, whose price
is equal to 1, the value added will be given by Y¢ = ¥IL, P,Q; — XiL, X)_, P;M;;.

The government grants a total amount of subsidies equal to S =YY, S,
has total spending G of government consumption and finances its spending and
subsidies with a fump sum tax T, in order to maintain a balanced budget constraint
T=G+S.

Households allocate all their income net of subsidies to private consumption C,
so thatC = WL — T.

The output net of market failure losses is defined as:
Y=Y¢-1 )

Where IT = Yi_, II; is the total amount of quasi-rents.

This is also the relevant welfare variable in the model, since Liu assumes
that private and public consumption goods affect household welfare equally and,
from the previous equations, the following accounting equality holds:

C+G=Y (6)

The variable Y is called “aggregate consumption” or “output” by Liu
(2019). In this paper, we prefer to call it total consumption or aggregate income,
because the variable in the model that corresponds to gross domestic product
is YG, which according to the equation (5) is equal to disposable factor income
Y = WL — S plus quasi-rents I1.

For further details on the firms’ cost minimization problem and equilibrium
definitions, see Liu (2019).

3.2 Definitions

In this paper, the economy without market imperfections and government
subsidies (x =7 = 0) will be referred to as the “efficient economy”. In this
hypothetic scenario, resources are allocated by the markets to optimize social
welfare, as predicted by the First Welfare Theorem. The economy with market
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imperfections, but without government intervention (t = 0), will be called the
“decentralized economy”. This economy serves as a reference point for analyzing
the effects of the industrial policy.

Before discussing the main theoretical results, we explain the following
definitions, which are essential for understanding the discussion posed in
sections 4 and 5:

a) Influence H: measure of the importance of a sector in the economy,
considering the chain effects along the production network, defined by

p=0U-2)"p 7)
Where:
*  The symbol ! represents the inverse of a matrix;

o p=[uy]is the vector N x 1 containing the influence by sector J;

. . P;Y; i .
e B =[B)lis the vector N x 1 with B; = z-Jp-;-’ the share of the j sector in
K iPi¥i
total consumption expenditure;

* [ is the identity matrix of order N x N;

e X =[] is the matrix N x N of production elasticities related to
N
. . a]nFi(Li'{M/'i}j=1)
intermediate inputs, 0 = —————=
dInMj;
Note that the Leontief inverse matrix (I — 2 )~ condenses the chain reaction
.. _ 2 3
to the effects of sectoral productivity shocks, (1 — Z) ™t =1+ Z + Z°+ Z° + -5

b) Domar weight ¥: measure of the relative size of sectors, defined as
the ratio between the gross output value of each sector and the
total remuneration of factors of production in the economy, ¥ = [¥;],
being y; = 24

&Yi= Wi

¢) Distortion Centrality &: defined for each sector as the ratio between the
influence and the Domar weight, § = [¢;], being
Hj

§ =" (8)

Ty

As previously stated, the main theoretical results summarized in this

paper will focus on describing how the introduction of subsidies affects
the decentralized economy, allowing us to assess the impact of government
interventions in correcting market distortions.



Industrial Policy in Production Networks: which sectors to promote in Brazil? 157

3.3 Distortion centrality and sectoral interventions

We present three of Liu’s (2019) main theoretical results — all demonstrations can
be found in that article.?

The first result shows that, in a decentralized economy, sectors with high
distortion centrality should be promoted as a priority. Distortion centrality
summarizes the social value of marginal spending on industrial policy, capturing
the “social return on investment” for subsidies.

Proposition 1: in a decentralized economy, the social value of spending on
subsidies 7j; is equal to the distortion centrality &;,

SV~-E—% -0, Tconstant = ¢; for j=1,..,N.
Jt dG/d‘L'ji =0, T constan i

It is worth noting that the second term of this equation measures the
marginal rate of transformation between private consumption C and public
spending G when a subsidy 7j; is granted to sales from the j sector to the i sector,
assuming that taxation is not changed and the industrial policy subsidy is financed
by reduced public spending.” More specifically:

*  The numerator dC/dj; represents the impact of the subsidy on private
consumption. As subsidies increase the income of production factors,
this results in an increase in consumer income and, consequently, in
private consumption C.

* 'The denominator dG /dtj; measures the impact of the subsidy on public
spending, government consumption G. As subsidies need to be financed
by the government, this reduces the resources available to the public
sector, affecting G.

Thus, the term SVj; indicates how many units of private consumption are
generated for each unit of public spending reduced. The expression in proposition 1
establishes that this rate is equal to the distortion centrality &;, indicating that:

*  Targeted subsidies are justifiable only for sectors with a distortion
greater than 1, since for these sectors the indirect benefit in terms of
private consumption gains outweighs their social cost measured in
reduced public consumption. For sectors with a distortion of less than
one, the social cost outweighs the benefit.

8. Propositions 1 and 2 correspond to same propositions in Liu (2019) whereas the third proposition presented in this
paper refers to proposition 4 in Liu (2019).

9. Liu (2019) also demonstrates that a similar result is true if government spending is preserved and subsidies are

) . . av/drj;
financed by tax increases on households. In this case, dT;d: l+=0, ¢ constant = & — 1.
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* If taxation and public spending are rigid, such that it is not possible for
the government to cover all the sectors with a distortion greater than 1, the
recommended priority order for the sectors is given by the size of
the distortion centrality.

The result also implies that the impact of a subsidy does not depend solely on
the size or productivity of the sector, but rather on its centrality in the production
network distorted by imperfections.

The second result establishes a fundamental relationship between distortion
centrality and the aggregate impact of industrial policies. Proposition 2 formalizes
this relationship by demonstrating that the proportional impact of interventions
on aggregate production can be expressed as the covariance between distortion
centrality and sectoral subsidies.

Proposition 2: let S; = -~ be the ratio between government spending on

WL
subsidies and the value added in the sector i. Then, in the decentralized economy:

1) The distortion centrality §; has an average of 1 in the economy,
E[¢(]=1

2) 'The proportional gain in aggregate income resulting from the intervention
policy, as a first-order approximation around the decentralized economy;,
is given by:

|Tji - Y|T=0

AlnY = ~ Cov(E,s;)

|‘t=0

e In both results, E[-] and the covariance take into account sectoral
WL;
weights given by the sector’s share in factor remuneration, 7.

The first item of proposition 2 establishes that the distortion centrality ¢
has an average of 1 in the decentralized economy. This result has a relevant
implication: distributing subsidies evenly does not change aggregate income,
as it only reallocates resources, without reducing the adverse impacts of market
imperfections. This means that granting subsidies equally to all sectors is an
ineffective policy.
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Regarding the second item:
* 'The fraction w measures the proportional change in income
=0
due to the subsidy policy. If this ratio is positive, it indicates that
the intervention generated an increase in income; if negative, it
means that the policy led to a deterioration in resource allocation and

reduced income.

e The covariance Cov(,s;) measures the relationship between the
distortion centrality &; and the sectoral allocation of subsidies s;.
This term indicates whether the subsidies were distributed efficiently,
that is, directed toward sectors were the impact on income would
be greater.

1) If Cov(s;) > 0, the sectors that received the most subsidies are
those with the highest distortion centrality, i.e. where subsidies
have the greatest potential impact on total income. This suggests
that the policy was well targeted.

2) If Cov(§si) >0, the subsidies were distributed indifferently to
the distortion centrality. In this case, the subsidy policy had
no significant effect on income, as the resources were not directed to
the most relevant sectors.

3) If Cov(§,s;) > 0, the sectors that received the most subsidies are
those with the lowest distortion centrality. This indicates that
the resources were allocated inefliciently and could even reduce
aggregate income by aggravating the effects of pre-existing
distortions in the economy.

This equation enables the evaluation of the systemic impacts of industrial
policies without having to specify a detailed economic model, by offering a
simple quantitative criterion for comparing different policies. The mere fact that
a sector grows or reduces its costs after receiving subsidies does not necessarily
mean that the policy was successful. The equation above allows us to analyze the
counterfactual: “what would have happened to total production if the subsidies

had not been adopted?”.
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Moreover, unlike traditional empirical studies, such as difference-in-difference
analyses for comparing impacts between sectors, this approach takes into account
general equilibrium effects and the consequences for the economy in general.
The effects of policies can involve reallocations that are not immediately observable
in analyses that address sectors separately.

Finally, the last result establishes a relationship between the distortion
centrality and the structure of the production network. While the previous
results show that sectors with high distortion centrality should be prioritized for
intervention, the fundamental question that remains is: how can this centrality
be determined in any given production network? The following proposition
answers this question, demonstrating that the distortion centrality of a sector
depends both on the final demand for its product and on the imperfections
faced by the sectors that buy its inputs. In other words, a sector can have high
distortion centrality not only because of its own characteristics, but also because
it is inserted in a structure where distortions propagate and accumulate along
the production chain.

Proposition 3: in a decentralized economy, the distortion centrality of a
sector J can be expressed as:

N
§j = 91'F'5+Zfi (14 x50) - 0
i=1
wL . F_Yi.
Where § = — is the share of factor remuneration in gross output, &; = =" is
Y Qj
. . M
the fraction of the output of the good j that is sold to final demand, 8;; = Q—]
J

represents the fraction of the output of the good j that is sold to the production
sector i and Xji, as defined above, is the measure of market imperfections affecting

sales from the sector j to sector i.

The equation above expresses the distortion centrality in terms of the network
structure and market imperfections. It indicates that distortions accumulate
along the demand linkages in the input-output network: a sector will have high
distortion centrality if it sells a disproportionate share of its production to sectors
that already have high distortion centrality and face major imperfections. This
result reinforces the relevance of the position of each sector within the network,
since it is this position that determines the degree to which it amplifies or absorbs
the distortions of the production system.
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Although the previous results (propositions 1 and 2) have shown that sectors
with high distortion centrality should be prioritized in designing industrial
policies, they do not directly indicate how to measure this centrality in practice.
Proposition 3 solves this problem by providing a mathematical expression that allows
us to calculate the distortion centrality of a sector based on the production network
structure and on market imperfections. Whereas propositions 1 and 2 establish
the normative principles for the efficient allocation of subsidies, proposition 3
provides an operational method for determining which sectors, in fact, have
high distortion centrality. Thus, proposition 3 not only strengthens the empirical
basis for applying industrial policy recommendations but also highlights the
importance of considering sectoral interdependencies when assessing the impacts
of government interventions.

4 INTERNATIONAL APPLICATIONS: CHINA AND KOREA

In this section, we present Liu’s (2019) application of this methodology to analyze
industrial policy in contemporary China and South Korea in the 1970s. The
main objective is to measure distortion centrality in empirical terms, assessing
its robustness to different approaches to estimating market imperfections. In
addition, counterfactual results will also be presented to assess the impacts of
industrial policy in these countries.

Proposition 3 provides a closed-form expression that makes it possible to
calculate the distortion centrality §; based on two fundamental elements:

1) The structure of the production network, obtained from the national
input-output tables.

2) 'The presence of market imperfections, such as financial restrictions
or price distortions, which affect the efficient allocation of resources
between sectors.

4.1 Network structure and market imperfections

The author employs input-output tables for China in 2007 and South Korea in
1970 to capture the relationships between sectors and different methodologies
to recover market imperfections. Although one of the challenges in applying the
model is the endogeneity of the input-output tables to past industrial policies,
Liu argues that these effects are of second order and presents a robustness analysis,
which justifies the application of the formula in proposition 3.
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The second stage of estimation involves recovering market imperfections.
Theoretically, such distortions could be directly inferred from detailed
microeconomic data, such as sectoral transactions and payments. However, in
practice, there are difficulties in measuring these imperfections, making it necessary
to test multiple approaches to ensure robustness in the results. The author then
employs two main strategies to evaluate the robustness of results to alternative
methods for computing these imperfections:

a) Simulations: generating synthetic market imperfections from different
statistical distributions.

b) Data-based estimates: extracting imperfections from observable proxies,

such as financial constraints and sectoral profit margins. Liu adopted
four data-based strategies, called B1, B2, B3 and B4.

Each of these strategies has advantages and limitations, but the robustness
of the estimates is tested by comparing the different approaches.

The main result of the empirical application is that, in both China and
South Korea, the rank of distortion centrality between sectors is highly robust
to different methods of estimating imperfections. For each estimation strategy,
the resulting ordering is compared with the ordering originating from a
reference measure. This measure, denoted by 199, corresponds to the distortion
centralities calculated assuming a common value for all market imperfection
sectors, a wedge of 1 4+ y = 1.10.

The results show that the estimates obtained under different methods of
estimating market imperfections show correlations with §199, close to 1. This
implies that, regardless of the approach applied to recover market imperfections,
the sectors identified as most relevant in terms of distortion centrality remain
approximately the same. The results are not sensitive to the exact way in which
market imperfections are modeled or recovered.

This stability reinforces the validity of distortion centrality as a criterion for
formulating industrial policies. As a result, priority sectors for intervention can
be reliably identified, without the conclusions being highly sensitive to variations
in the estimation models.

In the case of China, Liu estimates imperfections using four alternative
strategies (B1, B2, B3 and B4), each based on methodologies consolidated in the
literature. For South Korea, only strategies B3 and B4 can be applied, due to
the lack of micro-data at company level for the historical period considered.
Below, we briefly describe each of these specifications:
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1) Bl: Estimation of elasticities based on De Loecker and Warzynski
(2012). This approach uses firm data to estimate production elasticities
and recover distortions from the shares of inputs in firms’ spending.

2) B2: Use of foreign firms as control variables. This strategy follows the
method of Gandhi, Navarro and Rivers (2020) and assumes that foreign
companies face fewer distortions than domestic companies.

3) B3: Financial dependence and interest rate. This approach uses Rajan
and Zingales’ (1998) measure of financial dependence to infer financial
constraints on sectors. The metric is iterated with the economy’s average
interest rate, reflecting the cost of credit and financial constraints faced
by sectors. As this measure was developed for the United States, Liu
points out that it may underestimate financial frictions in China and
South Korea.

4) B4: Market structures and non-competitive conduct. Assumes that
market imperfections arise due to imperfect competition. Uses the share
of profits in sector revenue as a proxy for market distortions.

As previously mentioned, the results show that the estimates of distortion
centrality are highly consistent. Regardless of how market imperfections are
modeled, the sectors identified as most relevant remain roughly the same.

The robustness of the estimates suggests that the structure of the
production network is the main determinant of distortion centrality, and
not just market imperfections alone. If the estimates were highly sensitive
to the method used to estimate Xji, then distortion centrality could not be
used as a reliable criterion to guide industrial policy. Liu (2019) also offers
a theoretical explanation for this result. The production networks associated
with empirically observed input-output matrices, such as those of China
in 2007 and South Korea in 1970, follow a property that the author calls
“hierarchical networks”. In a hierarchical network, sectors that are major
suppliers to the economy have a disproportionately large share of their
production absorbed by other sectors that are major suppliers. In this case,
Liu shows that positioning in the network is the main determinant of sector
ordering induced by the distortion centrality.
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4.2 Application to industrial policy in South Korea and China

Applying the methodology to China and South Korea shows that the sectors
with high distortion centrality tend to be in the upstream part of the production
chains, i.e. they are sectors that supply inputs to various other sectors. As it can
be seen in table 1, the author finds that the industrial sectors promoted by South
Korea in the 1970s — such as metallurgy, chemicals and industrial equipment —
were among those with the highest distortion centralities. The same pattern is
observed for contemporary China, as shown in table 2.

TABLE 1

South Korean manufacturing sectors with high and low distortion centrality
Tgp 19 sectors w?th the highest {: ) Bpttom 10 sectors with the lowest E .
distortion centrality 10% distortion centrality 10%
Pig iron 1.43 Tobacco 0.91
Crude steel 1.38 Condiments 0.91
Iron alloy 1.35 Bread and pastry 0.92
Steel forging 1.26 Cosmetics and toothpaste 0.92
Explosives 1.26 Slaughter, meat, and dairy products 0.93
Acyclic intermediates 1.25 Leather goods 0.93
Construction clay products 1.25 Furniture 0.93
Carbides 1.25 Soaps 0.95
Nonferrous metals 1.24 Other miscellaneous food products 0.95
Machine tools 1.23 Drugs 0.96

Source: Liu (2019, p. 1924).

We now show that certain traditional metrics are not good indicators for
defining industrial policies. On the other hand, sectors that produce intermediate
inputs tend to have high distortion centrality, which reinforces the idea that industrial
policies should focus on these sectors to maximize their economic impact.
In this context, table 3 presents the correlation coefhicients between distortion
centrality and different sectoral metrics in South Korea and China. Pearson’s and
Spearman’s correlation coefficients are used to assess the relationship between
distortion centrality €199, and measures such as the Domar weight, the sector’s
share of aggregate consumption, export intensity, sectoral value added and the share
of intermediate inputs in the sector’s production.

Finally, we discuss the impact of different sectoral policies through
counterfactual scenarios. Liu (2019) compares the aggregate gains generated
by real policies with those that would have been obtained if the governments
of South Korea and China had promoted sectors based on alternative criteria.
The analysis of these industrial policies reveals consistent patterns regarding
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the impact of these interventions on the economy. The author evaluates the
sectoral allocation of state subsidies and incentives, using distortion centrality
as a metric to determine the efficiency of these policies. In both cases, there is a
strong correlation between the sectors promoted and their distortion centrality,
suggesting that governments prioritized strategically relevant sectors within the
productive structure.

TABLE 2
Chinese manufacturing sectors with high and low distortion centrality

Top 10 sectors with the highest Bottom 10 sectors with the lowest

distortion centrality 510% distortion centrality 510%
Coke making 1.36 Canned food products 0.62
Nonferrous metals and alloys 1.35 Dairy products 0.65
Ironmaking 1.35 Other miscellaneous food products 0.68
Ferrous alloy 1.33 Condiments 0.69
Steelmaking 133 Drugs 0.77
Metal cutting machinery 1.32 Meat products 0.77
Chemical fibers 1.31 Grain mill products 0.78
Electronic components 1.30 Liquor and alcoholic drinks 0.81
Specialized industrial equipments 1.30 Vegetable oil products 0.82
Basic chemicals 1.29 Tobacco 0.83

Source: Liu (2019, p. 1924).

TABLE 3

Correlation of distortion centrality ;0, with other sectoral metrics
Specification Korea Pearson Korea Spearman China Pearson China Spearman
Domar weight (¥) -0.20 -0.32 -0.40 -0.16
Share in consumption () -0.42 -0.66 -0.71 -0.71
Export intensity 0.31 0.22 0.31 0.37
Sectoral added value -0.25 -0.52 -0.36 0.09
Share of inputs in the product 0.45 0.23 0.37 0.32

Source: Liu (2019, p. 1923).

In the case of China, empirical evidence suggests that sectors with high
distortion centrality receive more favorable financing conditions, lower tax rates
and greater state support via state-owned enterprises (SOEs). This indicates that
Chinese industrial policy, in addition to being strongly correlated with distortion
centrality, already favors sectors that, according to Liu’s theory, have a greater
positive impact on the aggregate economy. Thus, government interventions
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seem to be well targeted, even though the counterfactual scenarios point to
opportunities for optimization in the allocation of subsidies. The results show that:

1)

2)

3)

4)

Both in the case of South Korea’s HCI Drive and in the set of industrial
policies in contemporary China, there is a high degree of alignment
between the sectors promoted and the distortion centrality. This
indicates that, in general, interventions have been targeted at sectors
that have a relevant multiplier effect on the economy.

Selecting sectors based on Domar weight, the sectors’ share of aggregate
consumption or the size of the value added would lead to aggregate losses.
These criteria prioritize sectors with low distortion centrality, which
means that subsidizing these sectors would not generate significant
social gains and could even result in economic efficiency losses. This
conclusion applies to both South Korea and China.

Choosing sectors based on the exported fraction of production or the
share of intermediate inputs in the sector’s output would generate
economic gains, but they would be smaller than those obtained by
implemented policies. These criteria identify sectors with moderate
distortion centrality, i.e. sectors whose promotion would bring benefits,
but would not maximize aggregate gains. This trend is observed in both
South Korea and China, reinforcing that industrial policies that take
into account productive linkages tend to be more effective than those
based on traditional metrics alone.

In the case of modern-day China, the analysis has great depth due to the
availability of micro-data. The author presents four different measures
to assess the impact of industrial policies, showing that the aggregate
effect of interventions varies according to the metric used to measure
market imperfections. For the Chinese governments interventions,
the lowest estimated impact occurs under the B3 method, which only
considers financial imperfections, resulting in an increase in aggregate
income of 2.02 percentage points. The greatest impact occurs under
method B1, based on De Loecker and Warzynski (2012), which covers
multiple sources of market imperfection, producing a significantly
higher estimated effect on aggregate income of 6.65%. This suggests
that although the ordering of priority sectors does not vary drastically
between methods, the measurement of the total impact of the policy
may be sensitive to the choice of methodology.
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These findings reinforce the importance of considering market imperfections
and sectoral interconnections when devising effective industrial policies.
Although the implemented policies in South Korea and China have been well
targeted, the results suggest that better quantification of imperfections could lead
to improved sector targeting even greater gains, especially in the case of China,
where adjustments in the allocation of subsidies could increase the economic
impact of interventions.

5 APPLICATION: WHICH SECTORS TO PROMOTE IN BRAZIL?

In this section, we calculate which sectors would be eligible for targeted subsidies
according to Liu’s methodology (2019). As presented in the theoretical section,
this assessment will be based on the distortion centrality §; associated with
sector J, considering that, under the assumptions underlying the methodology:

1) The greater the distortion centrality, the greater the positive impact of
subsidies to the sector on aggregate income;

2) Only in sectors with ¢ > 1 industrial policy can generate positive
welfare effects.

To calculate the distortion centrality for the N sectors, we employ the
expression presented in proposition 3, in its matrix form:

£=(-AP)19Fs, with AP =(1+D)o® ©)
Where:
o & =1[&]is the N x 1 vector with the distortion centrality by sector J;
j ty by

e 07 =[6]1is the N x 1 vector that captures the share of final demand v;

in total production Q; of this sector, 8; = %,

J

e 5= %, a scalar, is the share of factor remuneration WL in GDP Y¢;
e [ is the identity matrix of order N X N;

e 1isthe N X N matrix with the value 1 in all entries;

* D =|[xj]is the N x N matrix of market imperfections affecting sales
from sector j to sector i

«  Liu (2019, p. 1908);
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*  Symbols 7! and o are matrix operators. Symbol ~! is the inverse of a
matrix and the symbol o represents the Hadamard product between two
matrices of the same size, which is the element-by-element product of
their components.

Itshould be noted that the expression above is analogous to the one employed
in traditional input-output analysis to calculate the effects of final demand shocks
on production. The traditional Leontief inverse (I —A)™" is calculated using
the technical coefficients matrix 4, the input-output supply matrix. Here, it is
replaced by a modified Leontief inverse (I — A?)~%, in which AP is defined by the
input-output demand matrix 0, distorted by the wedge (1 + D) associated with
the set of market imperfections Xji of the economy.

The correction factor & ensures that the weighted average of the distortion
centrality is equal to 1, in an economy without interventions. To find the value
of &, note that the ratio WL/Y® cannot be measured directly from data, as we
would need to define what share of national income goes to remunerating the
quasi-rents resulting from market imperfections. We use the following expression,
whose validity is derived from Liu’s (2019) model:

1 /
g — HL (I _AD)—lgF (10)
Where:

e 9~ is the 1 x N transposed vector related to vector 8% = [8}], which
. L WL; . .
contains the share ;" = 7~ of each sector in the aggregate remuneration

of the factors of production.

5.1 Data and calculation of the distortion centrality

Calculating distortion centrality requires two main sources of information: data on
the economy’s network structure and estimates of the size of market imperfections.

For the production network structure of the Brazilian economy, we will
use the Input-Output Table (IOT). At the time of writing this paper, the
most recent official IOT for the Brazilian economy released by the Brazilian
Institute of Geography and Statistics (IBGE) refers to the year 2015 (IBGE, 2018).
Due to a ten-year gap and considering that 2015 was an atypical year, as
Brazil had undergone through a major economic crisis, we employ an IOT
estimated by Alves-Passoni and Freitas (2023), covering data up to the year 2021.
We use the 2019 IOT because it is the most recent year without effects of the
COVID-19 pandemic.
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Table 4 shows the pairing of production network moments with input-output
data for Brazil in 2019, considering 67 production sectors.

TABLE 4
Moments of production networks
Moment Data target Sources
g, = M;; Sales from sector j to sector i 2019 10T, “Domestic Use” and
g Total output of sector j “Imported Use" tables, at basic prices
oF = 3 Final demand of setor j 2019 10T, “Domestic Use” and
J Q; Total output of sector j “Imported Use” tables, at basic prices
oL WL; Value added of setor i 2019 10T, “Use" table,
LT WL GDP at purchaser’s prices

Source: 2019 Input-Output Table (67-sector disaggregation), Alves-Passoni and Freitas (2023).
Author’s elaboration.

Each year, the IBGE publishes the Resource and Use Tables (SUTs) for
Brazil, which are the central reference for building the IOTs. The main step in
moving from the SUT to the IOT is converting the Uses table from consumer
prices to basic prices. The consumer price is the price paid by the demander
of a good or service when purchasing it on the market. This price includes
trade margins, transportation margins and indirect taxes, the incidence of
which across the transactions recorded in the Uses table must be estimated and
removed from consumer prices in order to obtain basic prices. By removing
indirect taxes and allocating the respective margins to the production of the
trade and transport sectors, the use table at basic prices more precisely reflects
the technical relations of production, which is why it is used to compute the
input-output matrices.

Moreover, the SUT's table of uses at consumer prices combines the
demand for domestic and imported products. When moving to basic prices, we
also estimate the share of each demand cell that is met by the supply of national
or imported products. In the OITs published by the IBGE, as in IBGE (2018),
the domestic and imported use tables at basic prices are presented separately, a
procedure also followed by Alves-Passoni and Freitas (2023).



170 revista tempo do mundo | rtm | n. 36 | dez. 2024

As table 4 shows, the share 6} of sector i in total payments to factors of
production is calculated from the value added block of the use table at consumer
prices, as the ratio between the value added of sector i and the economy’s GDP.'

Also according to table 4, we employ the tables of national uses at basic
prices and imported uses at basic prices to calculate the shares of intermediate
consumption 6;; and final consumption 6 in the sector j production.
The two tables are added together to form the total uses table at basic prices.
Valuation at basic prices, which excludes indirect taxes, is more consistent
with the assumption of an initial situation without government intervention.
As consumption is the only component of final demand in the model, only the
“Government consumption”, “consumption by Non-Profit Institutions Serving
Households” and “Household consumption” columns are kept, while the
other final demand columns are excluded. In this table, the proportion of each
intermediate consumption cell from sector i over the total sales of sector j is
equal to 8ji. The three consumption columns are combined into one and the
proportion in relation to total sector sales j in the row results in the value of 6.
Thus, by construction the condition X, 6;; + 6] = 1 is met.

It is worth noting that Lius (2019) framework, which underpins our
analysis up to this point, assumes a closed economy. In the applications to South
Korea and China, the author also presents an adapted version of the method to
incorporate the role of foreign trade in industrial policy.

International trade is included in the analysis considering the rest of the
world as an additional production sector, with the index j = N + 1. The column
of intermediate inputs purchases for this sector is the same as the “Exports of
goods and services” column in the use table. In the sales row for this sector, sales
to the other N production sectors correspond to the transpose of the total demand
column in the use table for imports at basic prices, while sales to the sector N + 1
and to final demand are equal to zero. Next, based on this version of the use table
at basic prices, with N + 1 sectors, we apply the same procedures explained above

10. Note that the value added of the sector i is equal to WL; +II; — S; in the model, the remuneration of the factors
of production wL; plus the payment of quasi-rents TT; and minus the total subsidies S; imbued in the sector's
purchases. Assuming an economy without government intervention, such that S; = 0, then the value added will only
be equal to the payment of factors if there is no incidence of market imperfections in the sector’s purchases, x;i = 0
for all j, so that T; = X}_, x;; = 0. There is no clear criterion for computing quasi-rents in the national accounts.
Here we follow the solution adopted by Liu (2019) of considering the proportion WL; /WL to be equal to the sector’s
share of the economy’s GDP. As a robustness analysis, we also calculated the results considering that wL; is equal
to the share of the sector’s value added corresponding to the ratio between the total remuneration of labor and
the sum of this remuneration and the gross operating surplus (GOS). Our results for this variant showed only small
differences in the distortion centrality values, with no change in the ranking of sectors.
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to recalculate 0j; and 6] for all sectors."! In this paper, we only presented the
results for this version of the method, which includes foreign trade.

To calibrate the value of the market imperfection wedges X i, we followed
the main strategy proposed by Liu (2019), which uses estimates based on the
De Loecker and Warzynski (2012) method for estimating markups. The difference
between the price of intermediate inputs and their marginal cost of production
is the market imperfection wedge.'?

We considered a common value for the wedge of market imperfection
among the sectors of 1+ x = 1.24 which is the average markup of the Brazilian
manufacturing industry estimated by Cavalcante (2022) based on microdata
from the IBGE’s Annual Industrial Survey (PIA) for the years 2000 to 2016.

5.2 Main findings

Graph 1 shows the distortion centrality values for the 67 sectors of the Brazilian
economy in 2019. In this graph, the sectors are ranked according to their
respective national accounts codes.

In graph 1, the colors of the bars indicate the group to which the sector
belongs: agriculture, industry, services or government activities. The dashed lines
above the bars indicate the average distortion centrality per group, weighted by
the share of value added of each sector in GDP. Table 5 shows the average and
standard deviation values of the distortion centrality per group of sectors.

11. In equations, let M be the use table at basic prices with dimension 67x67, Y the 67x1 final demand vector and
MF = [M Y] the 67x68 matrix to which we apply the procedures for calculating the original 6;; and 6/ In this
version with international trade, if X is the 67x1 vector of exports and iM the 1x67 vector of imports, then the matrix to
M X Y

M o 0],vvhosedlmensmn

which we apply the procedures for calculating the 6;; and ejF will be given by MF, =

is 68x69, where the two zeros in the matrix are scalars.

12. Liu (2019) presents three additional strategies for estimating market imperfections, emphasizing that the distortion
centrality ranking between sectors, and consequently the suggestion of which sectors to promote, is little affected
by the adopted method. This is due to the fact that input-output matrices typically follow the format of hierarchical
networks and, as the author shows, in these cases the structure of the production network is the main determinant
of the sectoral ranking of distortion centrality. However, simulations of the size of the impact of industrial policy vary
according to the strategy for estimating imperfections. Although for all methods the weighted average of distortion
centrality values is equal to 1, the magnitude of the dispersion between sectors varies with the estimation strategy,
which alters the estimate of the impact of industrial policy. Liu (2019) indicates estimation by the method of De Loecker
and Warzynski (2012) as his main strategy because it is more comprehensive, considering any causes that cause
differences between prices and marginal costs, while the other strategies assume particular forms of imperfections,
thus tending to underestimate the size of imperfections in general.
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GRAPH 1
Distortion centrality by sector and averages by groups of sectors
P
Agriculture
Industry
1.8 ® Services
® Government
1.6
14

0.8 [

Distortion centrality (£)

0.6 [

0.2

D R R A AR A RO R

Sectors
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Note: The horizontal axis shows sector codes according to national accounts (IBGE, 2018) at the 67 sector level. The sectors
are ordered by their codes. The vertical axis shows the calculated distortion centrality values § ; for each sector. The dotted
lines highlight the weighted averages within the four sectoral aggregates indicated in the legend, and the value §; = 1,
which is the average distortion centrality among all sectors.

Obs.: Figure whose layout and texts could not be formatted and proofread due to the technical characteristics of the original
files (Publisher's note).

TABLE 5
Distortion centrality by sector, Brazil 2019

Distortion centrality

Sector

Average Standard deviation
Agriculture 1.12 0.06
Industry 1.31 0.31
Services 0.97 0.26
Government 0.68 0.01

Author’s elaboration.
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There are two groups of sectors where the average distortion centrality is
below the value 1 and two above it. The average distortion centrality of government
activities is only 0.68, which is justified because both public administration and
public health and education are not major providers of intermediate inputs for
other sectors. To a lesser extent, this also applies to private services, if assessed
by the group’s average distortion centrality, which is equal to 0.97, whereas the
average distortion centrality is 1.12 in agriculture and 1.31 in industry.

Therefore, evaluating the groups of sectors by their average distortion
centrality, the existence of industrial policy in Brazil is justified, understood as
government action to promote the activities of the industry group. Subsidies for
this sector group have a greater impact on removing the adverse effects of market
imperfections on the production structure because it brings together several
activities that play an important role upstream in the production chain. From the
point of view of maximizing income and welfare, Industry is the priority sector
for receiving productive development policies.

Agriculture also has a distortion centrality greater than 1, which makes it
eligible for government support, although not with the same priority as industry.
Services, if evaluated as a group, should not receive incentives for production
because to their distortion centrality is less than unity.

However, there is substantial heterogeneity in the distortion centrality
within some of the groups. Table 5 shows that the standard deviations of
the distortion centrality values are higher in the Industry and Services groups.
Thus, the priority for receiving incentives is not completely aligned with the
classification into groups, as graph 2 indicates.

The heterogeneity within groups affects the conclusions about the
appropriateness of targeting subsidies to sectors. This can be seen more clearly
in graph 2, which shows the ranking of sectors according to their distortion
centrality values, which is also the recommended order of priority for sectors to
receive government support. Table 6 and table 7 show the sector labels according
to this order, respectively for the sectors with§ >1eé < 1.

There are implications of graph 2 and tables 6 and 7 that should be
highlighted. First, even when analyzing the sectors separately, we observe that
sectors that should be prioritized to receive government subsidies are still mostly
industrial sectors. Up to the 15th position in the ranking of sectors by centrality
distortion, only one is a non-industrial sector: service “5980. Television,
radio, cinema and sound and image recording/editing activities”, located in
the 12th position.
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GRAPH 2
Distortion centrality by sector and group, in order of priority
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Author’s elaboration.

Note: The horizontal axis shows sector codes according to national accounts (IBGE, 2018) at the 67-sector level. The sectors
are ordered by their distortion centrality values. The vertical axis shows the calculated distortion centrality values & for
each sector. The dotted line highlights the value §; = 1, which is the average distortion centrality among all sectors.

Obs.: Figure whose layout and texts could not be formatted and proofread due to the technical characteristics of the original
files (Publisher’s note).

Second, there are service sectors in higher positions in the ranking of
priority for receiving sectoral incentive policies. The intermediate positions
in the ranking, between the 16th and 35th positions, are alternated between
service and industry sectors.

Third, although the agricultural sectors are in the range eligible for targeted
subsidies, with §; > 1, they are among the sectors with the lowest distortion
centrality values in this range, as shown in table 6. Therefore, these sectors should
receive low priority in the allocation of government incentive policies.

Fourth, among the sectors with §; < 1, for which targeted subsidies are not
recommended, there are government activities, services, and industrial sectors.
In other words, although the configuration of the Brazilian production network
recommends priority for industry in sectoral incentive policies, not all industrial
sectors should be covered by industrial policy, as listed in table 7.
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TABLE 6
Sectors eligible for targeted subsidies, ordered by priority, according to the
distortion centrality &

175

Order Code Sector & Group

1 580  Extraction of coal and non-metallic minerals 1.855 Industry
2 2300  Manufacture of non-metallic mineral products 1.649 Industry
3 2091 Manufacture of organic and inorganic chemicals, resins and elastomers 1.618 Industry
4 2491 Production of pig iron/ferroalloys, steelmaking and seamless steel tubes 1.616 Industry
5 2800  Manufacture of mechanical machinery and equipment 1.605 Industry
6 792 Extraction of non-ferrous metallic minerals, including beneficiation 1.595 Industry
7 3300  Maintenance, repair and installation of machinery and equipment 1.587 Industry
8 680  Oil and gas extraction, including supporting activities 1.565 Industry
9 4180  Construction 1.558 Industry
10 2492 Non-ferrous metallurgy and metal smelting 1.550 Industry
" 2092 Manufacture of pesticides, disinfectants, paints and various chemicals 1.506 Industry
12 5980  Television, radio, cinema and sound and image recording/editing activities 1.503 Services
13 2500 Manufacture of metal products, except machinery and equipment 1.495 Industry
14 791 Extraction of iron ore, including beneficiation and agglomeration 1.439 Industry
15 1991 Oil refining and coke plants 1.421 Industry
16 7700 Non-Real Estate Rentals and Intellectual Property Asset Management 1.415 Services
17 5000 Water transport 1.390 Services
18 2200 Manufacture of rubber and plastic products 1.376 Industry
19 7180 Architectural, engineering, technical testing/analysis and R&D services 1.359 Services
20 1600  Manufacture of wood products 1.350 Industry
21 6980  Legal, accounting, consultancy and company headquarters activities 1.349 Services
22 2700 Manufacture of electrical machinery and equipment 1.347 Industry
23 3000  Manufacture of other transport equipment, except motor vehicles 1.279 Industry
24 1700  Manufacture of pulp, paper and paper products 1.275 Industry
25 6280  Development of systems and other information services 1.271 Services
26 7380  Other professional, scientific and technical activities 1.263 Services
27 1800  Printing and reproduction of recordings 1.256 Industry
28 2992 Manufacture of parts and accessories for motor vehicles 1.252 Industry
29 5280  Storage, auxiliary transport and mail activities 1.228 Services
30 4900 Ground transportation 1.227 Services
31 1992 Biofuel manufacturing 1.207 Industry
32 3500  Electricity, natural gas and other utilities 1.205 Industry
33 8000  Surveillance, security and investigation activities 1.202 Services
34 1092 Sugar manufacturing and refining 1.199 Industry

(Continues)
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(Continuation)

Order ~ Code  Sector 3 Group

35 2600  Manufacture of computer equipment, electronic and optical products 1.165 Industry
36 191 Agriculture, including agricultural support and post-harvest 1.160 Agriculture
37 5100 Air transport 1.125 Services
38 7880  Other administrative activities and complementary services 1.102 Services
39 5500  Accommodation 1.102 Services
40 280 Forestry production; fishing and aquaculture 1.059 Agriculture
a4 192 Livestock, including support for livestock 1.042 Agriculture

Author’s elaboration.

TABLE 7
Sectors not eligible for targeted subsidies, ordered by distortion centrality &

Order Code  Sector 13 Group
42 1300  Manufacture of textile products 0.997 Industry
43 3680 Water, sewage and waste management 0.995 Industry
44 4580 Wholesale and retail trade 0.987 Services
45 6480 Financial intermediation, insurance and supplementary pension plans 0.980 Services
46 1093 Other food products 0.932 Industry
47 5800 Editing and printing-integrated editing 0.930 Services
48 6100 Telecommunications 0.921 Services
49 2093 hMyag?eu;cht)trJ;ZSCféleaning products, cosmetics/perfumes and personal 0.898 Industry
50 1200 Manufacture of tobacco products 0.881 Industry
51 1091 Slaughter and meat products, including dairy and fishery products 0.878 Industry
52 2991 Manufacture of automobiles, trucks and buses, except parts 0.876 Industry
53 1500  Manufacture of footwear and leather goods 0.870 Industry
54 3180 Manufacture of furniture and products for various industries 0.853 Industry
55 1100 Beverage manufacturing 0.838 Industry
56 9080 Artistic, creative and entertainment activities 0.833 Services
57 2100 Manufacture of pharmaceutical and pharmaceutical products 0.814 Industry
58 9480 Membership organizations and other personal services 0.773 Services
59 6800 Real estate activities 0.752 Services
60 8592 Private education 0.750 Services
61 1400  Manufacture of clothing and accessories 0.746 Industry
62 5600  Food 0.731 Services
63 8400 Public administration, defense and social security 0.693 Government
64 8692 Private healthcare 0.691 Services

(Continues)
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(Continuation)

Order Code Sector 3 Group

65 8591 Public education 0.670 Government
66 8691 Public health 0.667 Government
67 9700 Domestic services 0.667 Services

Author’s elaboration.

Lastly, we discuss alternative criteria for granting subsidies, in particular
the exported fraction of production. As presented above, in his application
to the industrial policies of South Korea and China, Liu (2019) compares the
performance of alternative criteria for distributing subsidies to sectors. Most of
the orderings resulting from these criteria deviate considerably from the optimal
ranking according to the distortion centrality. An exception is the criterion that
prioritizes exporting sectors, which results in correlation indices between 0.20
and 0.40 for the years considered for the two Asian countries, under a standard
market imperfection wedge of 1 + x = 1.10.

Table 8 shows the Pearson and Spearman correlation coefficients between the
distortion centrality of Brazilian sectors under 1 + ¥ = 1.24 and two alternative
criteria for ordering sectors, sectoral value added and the fraction of the sector’s
production going to exports.

As in Lius (2019) results for South Korea and China, a criterion of sector
importance in GDP, such as value added, is not a good criterion for choosing
sectors, since its correlation with distortion centrality is negative.

TABLE 8
Correlation between distortion centrality £ and other criteria

Correlation coefficient with &

Criteria

Pearson Spearman
Value added -0.31 -0.30
Exported fraction 0.35 0.46

Author’s elaboration.

The exported share of production is a criterion that has a positive correlation
with distortion centrality. It is therefore a better alternative criterion for ranking
sectors than value added. Nevertheless, as graph 3 shows, the exported share
criteria still distance itself considerably from the ordering by distortion centrality.
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GRAPH 3
Distortion centrality and exported share of production by sector
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In graph 3, sectors are ordered by the distortion centrality, the value of
which is represented by the height of the bars. The overlapping red line indicates
the proportion of production that is exported, on a scale of 0 to 1. The blue bars
highlight the sectors in which the exported share of production is at least 20%.

Graph 3 shows that there are sectors with a high export share among the first
sectors in the distortion centrality order. However, there are also sectors with high
exported share of output that have low distortion centrality, just as there are sectors
with high distortion centrality and low exported share. Thus, export intensity
alone is not a sufficient criterion to guide decisions on allocating resources to
promote sectors.
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6 CONCLUSION

According to Liu's (2019) approach discussed in this article, based on general
equilibrium theory, governments are recommended to design support policies
targeting specific sectors of the economy. This recommendation is justified by the
existence of market imperfections and asymmetric positions in the economy's
production network. For sectors upstream of production chains, the effects of
granting subsidies are magnified along the production chain network. Growth in
these sectors generates efficiency gains throughout the economy.

For the Brazilian case, we use data from 2019 to calculate which sectors,
according to Liu's theory, would be eligible for receiving sectoral support policies
and which would not, as well as the order of priority. We envision some directions
for pursuing this research agenda.

The first is to expand the application of Liu's (2019) framework to Brazil.
For example, to calculate the impacts of historical episodes of granting sectoral
subsidies in the country, compare them with experiences in other countries, and
simulate the effects of industrial policy proposals and other support policies
aimed at specific sectors.

The second is to deepen the discussion on the aspects not covered by Liu's
theory. For example, by encompassing the environmental dimension, because
sectors with high distortion centrality can eventually be very polluting sectors,
introducing a dilemma not addressed by the author. Another example are the
discussions about distributive conflict, since there is social heterogeneity between
the groups that can benefit from the existence of market failures and those that
bear the burden of increasing government subsidies, such as a reduced budget
for the provision of public services or higher taxation. Other political economy
issues arise from our conclusions. For example, considering that agribusiness has
growing importance in the country's economy, but low priority in the list of
recommended sectors to subsidize, which may be in conflict with the volume
of subsidies that is currently directed to the sector.

Finally, a relevant extension would be to adapt Liu's proposal to dynamic
models, which include capital accumulation, considering that the position of
sectors producing capital goods on the list of priorities can change in this context.

All these aspects are adequate to analyzing the recent strategy of New
Industry Brazil (NIB). In particular, given the severe fiscal restrictions to which
the Brazilian State is currently subject, we hope to contribute to the debate on
mechanisms for identifying priorities in industrial policy.
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