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Abstract

I study the impact of industrial policy in Brazil on firms and on external economies
of scale (EES). Using data covering the universe of firm-level subsidized credit during
the 2004-2014 period and a novel instrumental variable approach, I find that subsi-
dized credit generated, at best, modest gains in sales, which are partially explained
by increases in profits. I develop a novel method to identify the level at which EES
operate and find that they are driven primarily by industry-specific rather than local
components. I construct a multi-industry, multi-region model with heterogeneous
firms that rationalizes these findings. The model suggests that industrial policy
should target firms that contribute most to EES within industry-region pairs that
exhibit the greatest potential for EES growth. A sufficient-statistics approach allows
me to assess whether the implemented industrial policy deviates from the optimal
allocation across firms, industries, and locations. I then examine whether a horizon-

tal policy would have performed better.
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1 Introduction

Recent interest in industrial policy has been driven by the perception that its use has been
increasing (Van Reenen, 2023; Evenett et al., 2024).! This renewed interest is driven, at
least in part, by the strong opposition to industrial policy among many economists, of-
ten summarized by the argument that “governments cannot pick winners” (Juhasz, Lane,
and Rodrik, 2023). Indeed, targeting winners is challenging in practice, even when it is
theoretically justified. The crux of the argument lies in whether external economies of
scale (EES) arise primarily within industries or regions, and which firms contribute most
to the generation of EES. Given that targeting is potentially the most central factor in
the success of industrial policy, surprisingly little is known about how governments can

optimally target such policies.

To assess the targeting of industrial policy and its relationship with the level of EES, I
focus on the revival of large-scale industrial strategies implemented by the Partido dos Tra-
balhadores (PT, Workers’ Party) governments in Brazil during 2004-2014. The Brazilian
Development Bank, Banco Nacional de Desenvolvimento Econémico e Social (BNDES),
served as the principal instrument of these industrial policies by channeling subsidized
credit to finance productivity-enhancing investments.? I study the question whether the
BNDES’ industrial policy targeting was optimal through a combination of empirical anal-
ysis and theoretical modeling. To empirically examine whether firms receiving industrial
policy support outperformed unsupported firms, I exploit detailed information on firms’
cost structures to construct a source of exogenous variation based on physical deprecia-
tion from wear and tear. I use this variation to predict firms’ propensity to self-select
into BNDES’ subsidized credit. Brazil provides an ideal setting for analyzing the level of
EES, as its economic geography exhibits substantial variation in both within-industry and
across-industry agglomeration patterns. This variation allows me to develop a structural
estimation framework that decomposes EES into industry- and region-specific compo-
nents.

To study counterfactual targeting strategies, I develop a multi-industry, multi-region
model with heterogeneous firms that rationalizes the empirical findings and implies that
industrial policy should target firms with the largest contributions to EES in industry—
region pairs with the greatest scope for EES growth. To take the model to the data,
I develop a sufficient-statistic approach to evaluate whether a counterfactual horizontal

policy (i.e., no targeting at all) would have outperformed the observed targeting strategy.

LCloser inspection reveals that, although industrial policy has recently intensified, it has remained an
active policy tool at least since 2009 (Juhasz, Lane, Ochlsen, et al., 2022).

2The annual BNDES reports published around the launch of the respective industrial strategies high-
light the bank’s central role in the implementation of Brazilian industrial policy (BNDES, 2005; 2009;
2012).



Understanding the Brazilian experience of industrial policy is important, as Brazil expe-
rienced "premature deindustralisation" at the time (Rodrik, 2015). Indeed, back then,
Brazil had already spent four decades as a "middle-income-trapped country" (Felipe et al.,
2012). Consequently, the economic conditions of many contemporary emerging economies
are arguably more comparable to those of Brazil at the time of the reintroduction of large-
scale industrial policy than to those of the industrial policy “miracles” of South Korea,
Taiwan, or China (Felipe et al., 2012), thereby strengthening the external validity of this

case study.

This paper makes three contributions to the literature on industrial policy. First, I de-
velop a novel instrumental variable (IV) strategy to identify the impact of the expansion of
the most significant subsidized loans directed at private-sector investment—namely, non-
automatically approved BNDES credit,® which accounts for roughly half of the Bank’s
investment finance disbursements—on firm performance using firm-level data. To the best
of my knowledge, this represents the first attempt to establish causal evidence on the im-
pact of a firm-specific industrial policy on firm performance in the absence of exogenous
geographic variation for identification. The setting is particularly relevant: 60% of in-
dustrial policies are firm-specific and 95% are implemented at the national level (Juhasz,

Lane, Oehlsen, et al., 2022), making geographic variation unsuitable for identification.

Second, I extend the procedure in Reshef and Tepper (2026) to identify the industry- and
location-specific components of EES in a theory-consistent manner. To that end, I esti-
mate key parameters of an externality production function that indicate whether there are
increasing, constant, or diminishing returns to scale in the production of externalities at
the industry or location level. This, in turn, not only indicates whether EES are primarily
industry- or location-specific, but also whether it is more important for policymakers to

target industries or locations effectively for industrial policy support.

Third, I develop a multi-industry, multi-region general equilibrium framework with hetero-
geneous firms and markups, incorporating industry- and location-specific EES, to ratio-
nalize the reduced-form results. This framework allows me to run counterfactual exercises
to understand the distributional consequences for industrial policy outcomes of the level
(industry vs. location) at which EES occur. Furthermore, the model highlights a novel
approach to the classic question of which firms industrial policy should target: those that
contribute most to EES.

My research design exploits key features of non-automatic BNDES subsidized credit—

31 will often use the term non-automatically approved BNDES credit, BNDES subsidized credit, BNDES
credit and BNDES loans interchangeably.



large operations approved through extensive negotiations with the BNDES rather than
automated procedures for small loans—together with detailed firm-level data on repair ex-
penditures from the Instituto Brasileiro de Geografia e Estatistica’s (IBGE) annual man-
ufacturing survey, Pesquisa Industrial Anual Empresa (PIA Empresa), BNDES records
covering the universe of subsidized credit operations, and insights from the maintenance
management literature. This approach is necessary because identifying the effect of the
expansion of non-automatically approved BNDES credit requires addressing endogeneity
arising from (1) firms’ investment decisions and (2) firms’ self-selection into subsidized
credit. To address endogeneity arising from firms’ investment decisions, I exploit the
fact that the deterioration and failure processes underlying firm-level depreciation are
inherently stochastic, as established in the maintenance management literature (Dekker,
1996; A. Garg and Deshmukh, 2006). Accordingly, depreciation shocks provide a source
of random variation rooted in the physical characteristics of a firm’s production process,
and deviations from the pre-treatment period mean depreciation rate can serve as an
exogenous predictor of the timing of firm’s investment. To distinguish firms that opt
into subsidized credit from those that do not among investing firms, I exploit the fact
that non-automatic approval of the respective BNDES credit is preceded by a two-step
negotiation over operational, financial, risk, and legal details between the firm and BN-
DES, which effectively represents a substantial fixed cost. To avoid bias stemming from
firms’ optimization behavior requires lagging depreciation shocks by at least one period;
otherwise, a simultaneity problem arises between firm output and depreciation shocks.
To formalize the exclusion restriction in my instrumental variable strategy, I augment
the model of Olley and Pakes (1996), introducing depreciation, subsidized credit, and the
associated fixed cost to characterize which firms are likely to take up subsidized credit
under assumptions that are standard in the industrial organization literature and beyond.
Since depreciation shocks cannot be directly observed, I exploit a second insight from
the maintenance management literature. Firms can respond to depreciation shocks ei-
ther by repairing the affected capital or, if the shock is sufficiently large, by replacing
it entirely.#>6 Consequently, zero repair expenditure for a “one-machine” firm and low
repair expenditure for “multi-machine” firms signal the anticipation of an imminent large

depreciation shock. Finally, I observe the direct costs associated with the maintenance

4Concerning replacement decisions, firms frequently rely on a version of the “50% rule,” whereby an
asset is repaired only if the repair cost is less than half the cost of replacement. Variations of the “50%
rule” are widely applied across industries (D.A.U., 2025).

5A simple way to illustrate firms’ repair behavior is the familiar metaphor of a car: over its life cycle,
repair costs rise with age and accumulated depreciation (Hulten and Wykoff, 1980), until a sufficiently
large depreciation shock prompts replacement, at which point repair costs drop to zero. To avoid costly
downtime and ensure smooth operation (i.e., the family has a functioning car), the owner replaces the
car just before the depreciation shock realizes.

6 Preventive maintenance management—the practice of replacing assets before failure occurs to avoid
costly downtime and direct output losses—has become standard in manufacturing (Jardine and Tsang,
2013).



and repair of machines and equipment, and use these to calculate mean deviations from
the pre-treatment period repair "rate" (normalized by capital) as a proxy for deviations

from the depreciation rate, which simultaneously serves as my instrumental variable.

The main empirical finding from the reduced-form analysis is that firms’ sales expand at
best modestly after the take-up of non-automatically approved BNDES subsidized credit.
This can be partially explained by suggestive evidence that take-up led to increases in
profits. Nevertheless, investment increases slightly, largely for mechanical reasons, a find-
ing that confirms results for a related set of BNDES subsidized credit in Machado et al.
(2018). In contrast, there is no evidence that firms engage in production upgrading, a find-
ing consistent with results for a related set of BNDES subsidized credit in Lage de Sousa
and Ottaviano (2018), even though the capital-labor ratio also rises largely mechanically.
Moreover, there is no evidence that the treatment effect is stronger for credit-constrained
firms, nor that BNDES support was primarily directed toward zombie firms. Interestingly,
there is suggestive evidence that employment — particularly production employment —
increases, at least temporarily, following credit take-up.

The effects described here are not homogeneous across industries; sales growth appears to
have been significantly stronger for firms in pulp and paper, pharmaceuticals, metallurgy,
and especially in the wood products and motor vehicles industries. Overall, the empirical
results corroborate previous findings, including by Criscuolo et al. (2019), suggesting that

small firms are more suitable targets for industrial policy support than large firms.

I find EES in the studied context to be rather industry than location specific. Overall,
returns to scale in the externality production function are estimated to be below one,
suggesting that smaller but highly specialized industry—location pairs — such as clusters
outside the main industrial hubs like Sao Paulo — may constitute the best targets for
industrial policy.

Overall, from an empirical, reduced-form perspective, the expansion of non-automatically
approved subsidized credit at best only partially achieved its intended objective of increas-
ing firm productivity and enhancing competitiveness. The reduced-form results suggest
that the long-run costs of the industrial policy likely outweighed its benefits. This aligns
with contemporary observations by economic commentators, who identified the PBM in

particular as one of the major contributors to the Brazilian crisis of 2014-2017.7

I then develop a general equilibrium framework to assess the aggregate impact of the
expansion of non-automatically subsidized BNDES credit and to examine the macro mar-
gin of industrial policy discussed earlier. I combine elements from Atkeson and Burstein

(2008) to model markups and from Gaubert (2018) to model location choices, construct-

"For a discussion of the reasons behind the Brazilian crisis of 2014-2017, see Barbosa (2017).



ing a general-equilibrium, multi-sector, closed-economy model with heterogeneous firms
to analyze the equilibrium level of EES and the effectiveness of industrial policy. To test

the model’s predictions, I develop a sufficient-statistics approach.

Since Marshall (1920), the major theoretical argument in economics behind industrial pol-
icy is the existence of EES.® Most economic studies assume EES to happen either at the
industry or the location level. On the one hand, in the tradition of Marshall (1920), Arrow
(1962), and Romer (1986), economists defined such externalities as industry-specific. On
the other hand, studies in the tradition of Jacobs (1969), Henderson (1974), Ahlfeldt et al.
(2015), and Gaubert (2018) explain EES as location-specific. The starting point of my
model builds on the observation that common approaches modeling EES as a sector-level
scale elasticity—ergo inferred from trade flows, as in Bartelme, Costinot, et al. (2024)—do
not permit an empirical analysis of firm heterogeneity or location-specific EES within a
country, since the trade-flow data required for calibration are generally available only at
an aggregate level. Therefore, I categorize EES-generating mechanisms as industry- or
location-specific and, following the terminology of Greenwald and Stiglitz (1986), aggre-
gate technological and pecuniary externalities, assuming that they are “produced” at the
industry—region level by the corresponding entity—i.e., industries and locations—proxied
by their respective labor force. These externalities constitute one component of productiv-
ity (alongside a firm-internal component), and EES capture the elasticity of externalities
with respect to an entity’s labor force.

The government—modeled as a social planner—recognizes the presence of EES at both
the industry and location levels and takes the initial distribution of economic activity as
given. There is a single time period, and heterogeneous firms each belong to one of mul-
tiple sectors and one of multiple regions, but do not internalize EES. This prevents firms
from operating at their optimal scale, as there are complementarities in production: when
firm f expands its operations, all firms in f’s industry (and region) become more produc-
tive. The government can implement so-called "business-enhancing" policies, targeting
all regions and industries equally. On the other hand, the government can implement
industrial policy, redistributing tax revenue in the form of subsidies to specific firms in
selected industries or regions to more effectively leverage EES. In doing so, the govern-
ment relies on its knowledge of industry- and location-specific EES to optimally leverage
these externalities, producing an equilibrium superior to the laissez-faire outcome. In
response to subsidies, firms adjust output and markups depending on their market share:
small firms primarily channel the subsidies into output, whereas large firms distribute the

subsidies across both output and markups.

The optimal design of industrial policy must address two margins: the "macro" margin,

8Industrial policy can also be used to overcome coordination failures; see T. Garg (2025).



which determines the industries or regions to support, and the "micro" margin, which
determines the type of firms (large versus small) to target. On the macro margin, a suf-
ficient statistic for evaluating the quality of the government’s industrial policy design is
the Spearman rank correlation coefficient between the ranking of the government’s indus-
try-region priorities and the ranking of industry-region pairs by their EES magnitude.
Accordingly, the government may implement industrial policy that performs better than
horizontal policies (with p close to 1) or worse than horizontal policies (with p close to —1).
On the micro margin, the average size of subsidized firms serves as the sufficient statis-
tic. Governments face the following trade-off: large firms contribute disproportionately
to EES (as they account for the largest share of the entity’s labor force) but respond to
subsidies by increasing output less and markups more due to their market power, whereas
the opposite holds for small firms.

The counterfactual analysis suggests that a horizontal policy design would have outper-
formed the BNDES’s industrial policy targeting strategy. Along the “macro” margin, the
industry-location specificity of EES estimates and decreasing returns to scale in the ex-
ternality production function imply that the optimal policy would target large industries
in relatively small regions, that is, highly specialized clusters. Although the counterfac-
tual analysis suggests that the BNDES targeting strategy only marginally outperformed a
horizontal policy design along the “macro” margin, its performance remained substantially
below the optimum. Along the “micro” margin, the optimal counterfactual policy would
have targeted, within each industry-region pair, the firms with the greatest potential
to create employment. Importantly, the BNDES targeting strategy appears particularly
ineffective along the “micro” margin, where the counterfactual horizontal policy design

would have substantially outperformed the observed allocation of support.

This paper contributes to three related literatures: an empirical literature on industry-
specific industrial policies, a literature on place-based industrial policies, and a quantita-
tive literature on industrial and trade policy in general equilibrium.

Recent work has documented the potential welfare gains from industry-specific industrial
policy.® This has generated a rapidly growing literature (Juhasz, Lane, and Rodrik, 2023)
and informed policy debates (Fernandes and Reed, 2026).

Most empirical studies exploit geographic variation for identification, although 95% of
industrial policies are implemented nationally and 60% are firm-specific (Juhasz, Lane,
Oehlsen, et al., 2022). Moreover, regression discontinuity designs often require data on
unsuccessful applicants that are typically unavailable. Thus, I provide a new identification
strategy for the majority of real-world industrial policies.

Successful case studies include the Napoleonic blockade, Chinese shipbuilding, and South

9For a review of arguments for industrial policy in the development context, see Harrison and
Rodriguez-Clare (2010).



Korea’s Heavy and Chemical Industry drive. Juhasz (2018) provide evidence for the
infant-industry argument,'® Kalouptsidi (2018) show that subsidies contributed to the
rise of Chinese shipbuilding, while Lane (2022) and Choi and Levchenko (2025) document
long-run gains from the Korean HCI drive. In contrast, I provide a large-scale case in
which industrial policy appears unsuccessful and identify targeting based on EES as a
potential mechanism explaining heterogeneous policy outcomes.

Existing proposals emphasize targeting (1) exporters (Reed, 2024), (2) small firms (Criscuolo
et al., 2019), (3) upstream sectors (Liu, 2020; Lane, 2022), (4) investment-good sectors
(Buera and Trachter, 2024),' (5) firms in large agglomerations (Gaubert, 2018), and (6)
firms in EES sectors (Bartelme, Costinot, et al., 2024).!2 My framework encompasses
these strategies by targeting firms, sectors, or regions with the greatest contribution to,
or potential for growth in, EES.

Given that future employment growth is expected to occur primarily in services (Rodrik
and Stiglitz, 2024), industrial policy increasingly extends beyond manufacturing (Rodrik
and Sandhu, 2024). Consistent with Manelici and Pantea (2021), who document employ-
ment gains in the Romanian IT sector, I argue that industrial policy should account not
only for sectoral employment but also for its geographic distribution because EES gener-
ate local spillovers. My findings on the limited effectiveness of BNDES capital subsidies
also align with Cai and Harrison (2021), who show that capital subsidies increased capital
intensity without improving productivity.

For BNDES specifically, my results partially confirm Lazzarini et al. (2015), who find that
subsidized credit largely substituted for alternative financing. As in DeNegri et al. (2011)
and Lage de Sousa and Ottaviano (2018), I find no productivity gains following BNDES
support, contrasting with Cavalcanti and Vaz (2017), who document positive effects for

small and medium-sized firms.

My work also relates to the literature on place-based industrial policies, closely connected
to agglomeration economies and reviewed by Neumark and Simpson (2015). While ag-
glomeration effects resemble the location-specific component of EES, my results suggest
that EES are driven primarily by industry-specific rather than location-specific factors.

Kline and Moretti (2014) find persistent manufacturing gains from the Tennessee Valley
Authority, consistent with my result that industrial policy should target regions with
relatively small manufacturing bases. Cingano et al. (2022) document large investment
and employment effects of Italian investment subsidies, whereas I find more modest effects

for Brazil, highlighting the importance of institutional design. Atalay et al. (2023) show

10For a theoretical formalization of the infant-industry argument, see Greenwald and Stiglitz (2006).

1n Buera and Trachter (2024), development multipliers depend on the adoption of modern technolo-
gies, making technology adoption central for industrial policy effectiveness.

12Pons-Benaiges (2017) finds that industrial policy targeting EES sectors can explain Japan’s strong
post-war growth.



that migration and input—output linkages limit the long-run regional effects of Turkish
place-based subsidies; although my analysis abstracts from these linkages, they likely
represent an important transmission mechanism.

Finally, Rosenthal and Strange (2004) and Audretsch and Feldman (1996) emphasize
that location-specific externalities differ across industries and are stronger in innovative
sectors. My results similarly suggest that identifying the right industries may be more

important than identifying the right locations.

This paper also contributes to the quantitative literature on industrial policy in general
equilibrium. Existing models typically assume that EES are either industry-specific or
location-specific,!® an assumption with important implications for optimal policy. I in-
stead study how the coexistence of industry- and location-specific EES shapes optimal
industrial policy.

In urban economics, Ahlfeldt et al. (2015) develop a spatial model with location-specific
EES that has become a workhorse framework. Their productivity externalities are con-
ceptually similar to those in my model, although I abstract from other determinants of
urban density.

Gaubert (2018) provide the framework most closely related to mine by modeling location-
specific EES that vary across sectors. I instead model EES as simultaneously industry-
and location-specific. While she concludes that subsidies to smaller cities reduce aggregate
welfare in France, my results suggest that optimal industrial policy targets smaller but
highly specialized regions, potentially because her framework incorporates endogenous
firm sorting whereas mine does not.

Finally, Bartelme, Costinot, et al. (2024) develop the first Ricardian trade model compar-
ing industrial and trade policy and find larger gains from optimal trade policy, whereas
Lashkaripour and Lugovskyy (2023) show that coordinated industrial policy is first best
in a model with love-for-variety scale economies. My modeling approach is closest to
Bartelme, Costinot, et al. (2024),'* representing EES as a power function of employment,
but differs by explicitly modeling technological externalities in the spirit of Greenwald
and Stiglitz (1986).

The rest of the paper is organized as follows. Section 2 provides the historical background
of non-automatically approved BNDES subsidized credit within the framework of the PT
governments’ industrial strategies and describes the data used in the analysis. Section 3
outlines the empirical strategy, with a particular focus on the identification challenges,

and develops the instrumental variable approach. Section 4 presents the reduced-form re-

13Some studies in the international trade literature allow industry-specific EES to vary across countries
but cannot fully capture their location-specific component.
14See also Breinlich et al. (2022), Kucheryavyy et al. (2023), and Bartelme, Jiang, et al. (2025).



sults and examines their robustness across alternative specifications. Section 5 discusses
the empirical strategy used to estimate EES and demonstrates how they can be decom-
posed into industry- and location-specific components. Section 6 develops a quantitative
framework to rationalize the empirical findings and to conduct counterfactual analyses.

Section 7 reports the results from quantification of the model. Section 8 concludes.

2 Historical Background and Data

2.1 Industrial Policy

Industrial policy has deep roots in Brazil. After centuries of reliance on the export of
a narrow range of primary commodities, Brazil underwent a significant industrialization
push since the 1930s driven by import substitution and so-called developmentalist poli-
cies, lasting until the 1970s (Baer, 2014). This period was followed by a shift toward trade
liberalization and market-oriented reforms (Muendler, 2004), as in many Latin American
economies under the Washington Consensus (Rodrik, 2006). Subsequently, industrial pol-
icy experienced a revival under the governments of the Partido dos Trabalhadores (PT,
Workers” Party). This revival was marked by the creation of the Agéncia Brasileira de
Desenvolvimento Industrial (Brazilian Agency for Industrial Development) in 2004 and
the implementation of three major industrial strategies: the Politica Industrial, Tecnoldg-
ica e de Comércio Exterior (PITCE) in 2003, the Politica de Desenvolvimento Produtivo
(PDP) in 2008, and the Plano Brasil Maior (PBM) in 2011 (Ferreira et al., 2016; Terra
and Canédo Pinheiro, 2016). The PBM was originally scheduled to run for three years,
ending in 2014, but some of its measures were extended beyond that period.!> Through
the PITCE, PDP, and PBM, the Brazilian government sought to enhance the productivity
and competitiveness of domestic firms (Terra and Canédo Pinheiro, 2016). Accordingly,
the government channeled funds to the BNDES through the Finance Ministry, which the
Bank was then required to allocate in line with the objectives set out in the industrial
strategies.'6

Long-term loans in the Brazilian economy are primarily provided through BNDES funds
(Lage de Sousa and Ottaviano, 2018), accounting for about 70% of long-term credit in the
country (Cavalcanti and Vaz, 2017).!7 Therefore, BNDES naturally serves as the main

instrument of industrial policy (Hamaguchi, 2022) when capital subsidies are the primary

5This applies particularly to the payroll tax exemptions, which several successive governments at-
tempted to phase out (Caleiro, 2018). In July 2023, the Lula da Silva administration launched a new
effort to do so, with the political debate still ongoing as of December 2023 (IPEA, 2023).

16In parallel, successive governments supported the creation of national champions by facilitating merg-
ers among large firms, with the aim of fostering Brazilian companies capable of competing in international
markets (Terra and Canédo Pinheiro, 2016).

17Consequently, the BNDES is classified by Luna-Martinez and Vicente (2012) as one of the world’s
development-bank “megabanks.”



policy tool. Figure 1 illustrates the evolution of BNDES disbursements to the private

sector over time.

Evolution of BNDES Disbursement to the Private Sector
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Figure 1: Annual BNDES Disbursements (1995-2020)

It shows that the sharp increase in overall BNDES lending coincided with the industrial
policies implemented by the PT governments beginning in 2003,/2004. As shown in Fig-
ure 1, BNDES lending peaks in 2010. However, when measured in Brazilian reais (R$),
the peak occurs in 2013—mainly due to exchange rate fluctuations. The steady increase
in available BNDES subsidized credit can be clearly traced, as the Brazilian government
regularly enacted new laws to channel additional funding to the BNDES (see Appendix
A.2.2).'® Starting in 2014, Brazil entered a recession that lasted through 2018 and be-
yond, accompanied by a significant contraction in public spending (Barbosa-Filho, 2020),
which may help explain the decline in BNDES lending. The peak of BNDES lending to
the private sector occurred roughly between 2010 and 2014, precisely during the period
in which the PBM!? was in effect.

The BNDES, as the implementing agency, placed particular emphasis—within the manu-

facturing sector—on upstream, natural-resource-intensive industries.?’ Figure 2 illustrates

8Hence, prior to the funding cuts prompted by the recession, I am not aware of any reports of firms
being denied BNDES support due to insufficient funding.

BFor additional information on the PBM, see Appendix A.1.

20 Although some of these sectors are primarily extractive in nature, they are included here due to their
significant economic relevance to Brazil—especially the oil extraction sector, as emphasized by Cavalcanti,
Da Mata, et al. (2019).
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this sectoral focus.?!
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Figure 2: Volume of BNDES Disbursements by Industry (2002-2019)

Figure 3 shows that the number of firms receiving BNDES support varies substantially
across industries, reflecting not only sectoral heterogeneity but also differences in the
average volume of subsidized credit received per firm. BNDES support exhibits varying
degrees of granularity, where granularity refers to the extent of concentration in both the
volume and number of supported firms. Highly granular BNDES support indicates that
a limited number of firms receive large average disbursements in a given industry (see

Figure 7 in Appendix A.2).

21Gectoral focus is either measured by the volume, number, and per-firm amount of subsidized credit
directed to each sector.
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Figure 3: Number of Subsidized Credits by Industry (2002-2019)

Drawing on one of the foundational modeling frameworks for EES—namely the model by
Krugman (1980), which incorporates the number of firms as a central element—it becomes
evident that the impact of BNDES support on economic growth is likely to vary across
industries. If EES are indeed the primary mechanism through which industrial policy
generates additional welfare—and if these EES are embodied in the number of operat-
ing firms—then adopting less granular targeting strategies should amplify EES effects,
thereby increasing the overall welfare gains from the policy. Even though the number of
firms targeted is at best an imperfect proxy for the EES-generating potential of an IP,
this insight suggests that counterfactual, less granular industrial policy designs could be
more welfare-enhancing. At this stage, it is important to bear in mind that the extent to

which BNDES support generates EES is likely to vary substantially across industries.

Another important dimension along which EES may vary—highlighted in the economic

geography literature—is geographic location.
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Figure 4: BNDES Disbursements by Mesoregion (2002-2019)

Figure 4 presents the geographic distribution of BNDES disbursements across mesore-
gions, based on the number of firms that received BNDES subsidized credit. BNDES
subsidized credit is highly unequally distributed across Brazil. The main recipients of
BNDES support are firms located in the metropolitan areas surrounding (1) Sao Paulo,
(2) Rio de Janeiro, (3) Porto Alegre, and (4) Campinas.

BNDES lending reached its peak during the Dilma Rousseff administration’s implemen-
tation of the PBM (2011-2014), at a time when Brazil’s trade with the rest of the world
slowed due to economic contractions in the United States, the European Union, and China
(Barbosa-Filho, 2020).22

In addition to the challenging international economic environment, Brazil entered a major
economic crisis beginning in 2014. This economic downturn escalated into a political crisis

that culminated in the impeachment of Dilma Rousseff in 2016. Under her successor,

22The United States experienced a deceleration of economic growth, due in part to a standoff between
the Obama administration and the Republicans that culminated in the 2013 United States Debt-Ceiling
Crisis (Barbosa-Filho, 2020). The European Union was fully absorbed by the European Sovereign Debt
Crisis in 2012 (Lapavitsas, 2012). China’s 12" Five-Year Plan emphasized the “rebalancing” of its
economy toward greater domestic consumption rather than investment (Roach, 2022, pp.196-197).

13



President Michel Temer, the Brazilian economy began to stabilize and recover gradually
(Barbosa-Filho, 2020). The subsequent administration under Jair Bolsonaro maintained
the strategy adopted by Temer while further reducing BNDES funding drastically.

During the observation period, Brazil—like other Latin American countries—experienced
premature deindustrialization, a process underway since at least the 1990s (Rodrik, 2015).
Formally, premature deindustrialization denotes the contraction of the manufacturing
sector in low- and middle-income economies prior to their attaining high-income status,

which accounts for the characterization as *premature®.

Brazil: Industry Employment (% of total employment)
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Figure 5: Trend of Brazilian Industry Employment over time (1991-2025)

Figure 5 illustrates the decline of Brazilian manufacturing, measured as a share of indus-
try employment in total employment.?® In the context of premature deindustrialization,
even a stabilization of manufacturing’s role in the overall economy may be regarded as a
success of industrial policy. As such, Figure 5 depicts an unfavorable outcome of Brazilian

industrial policy efforts.

2.2 BNDES

BNDES is the principal instrument of the Brazilian government for financing long-term
private-sector investment, with subsidized interest rates. All firms in Brazil, including
foreign-owned ones, are eligible for BNDES support. It operates through various credit
lines, offering a range of financial products. Operations can be approved either auto-
matically (through software) or manually (by direct review). Both automatic and non-

automatic operations may consist of subsidized credit granted directly to clients—referred

23The World Bank defines industry employment as employment in manufacturing, mining, construction,
and public utilities. Data disaggregated to manufacturing employment alone were not available for a
sufficiently long period from the World Bank or the ILO.
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to in BNDES terminology as "direct operations." Alternatively, credit may be provided
indirectly through commercial banks, which are termed "indirect operations."

Manual operations involve large-scale transactions exceeding a specified threshold, which
in 2012 was set at R$10 million for direct operations and R$20 million for indirect op-
erations (BNDES, 2013, p.20). This study focuses on non-automatic operations for two
reasons. First, although BNDES credit lines intended to support investment are precisely
defined by the institution, in practice—i.e., in the data—some of these credit lines target
very similar purposes, often becoming conflated and therefore difficult to distinguish. Ap-
pendix A.2.1 provides a more detailed description of non-automatic BNDES operations
and the associated credit lines. Second, the identification strategy will later exploit a de-
cisive feature of non-automatic operations—namely, the substantial bureaucratic burden
in the credit concession process, arising from the involvement of a larger number of inter-
nal BNDES actors (BNDES, 2013, p.21). Over the 2003—2019 period, BNDES disbursed
subsidized credit through non-automatic operations totaling USD 435.4 billion (in 2020
prices). These non-automatic operations represented 48.4% of the total subsidized credit

volume directed to private-sector operations by BNDES.

Obtaining BNDES subsidized credit approved non-automatically entails a considerably
higher bureaucratic burden than accessing credit approved automatically (BNDES, 2013,
p.21).2* This process involves multiple bureaucratic stages: First, firms approach BNDES
(or a commercial bank administering BNDES subsidized credit) for a Consulta prévia, a
preliminary consultation in which they provide basic information about their projects.
Second, during the andlise phase, the firm submits a detailed project proposal and nego-
tiates directly with the BNDES. In addition to the bureaucratic burden imposed in the
first step, the second step adds yet another layer through its lengthy procedures and nego-
tiations. Appendix A.2.3 provides a detailed description of the administrative process for
obtaining non-automatically approved BNDES credit, the substantial bureaucratic fixed
costs it entails, and a visual overview of the process reproduced from the BNDES 2012
annual report (BNDES, 2013, p.22).

Most importantly, firms must allocate personnel capable of negotiating with the opera-
tional, financial, and legal departments of BNDES. To conclude, since these are highly
specialized functions, access to non-automatically approved BNDES subsidized credit en-
tails a significant fixed cost, which may induce especially large firms with large projects

to apply for such credit as shown in Table 1.

24 A natural question is why firms do not switch to automatically approved credit. The answer is that
BNDES rules require loans above a certain threshold to be processed through the non-automatic approval
channel.
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Table 1: Average Investment and Sales of Treated and Untreated Firms

(1) (2) (3)

Non-Automatic BNDES  Automatic BNDES Without BNDES
Investment 50.31 0.695 0.652
(Mio. 2020 USD)
Sales 446.88 5.13 18.5
(Mio. 2020 USD)
Observations 7,754 183,957 184,116

2002-2019. Column (3) comprises all firms in the PIA-Empresa sample with 30 or more workers that "survived" until 2019.

2.3 Data

My dataset combines firm-level administrative data, firm-level subsidy data and region-
and sector-level variables. The dataset is annual and covers the period 1996-2021.2° The
IBGE defines 137 mesorregioes (mesoregions) in Brazil and 27 manufacturing sectors.?
Data construction is described in further detail in Appendix A.3. Following Lage de Sousa
and Ottaviano (2018), I restrict the analysis to consistently sampled manufacturing firms
with 30 or more employees. Of all private-sector firms that received non-automatically
approved BNDES subsidized credit, 25% appear in the complete PTA Empresa sample.
This is because PIA Empresa surveys only manufacturing firms, whereas firms outside
the manufacturing sector may nonetheless undertake manufacturing projects that are el-
igible for BNDES support. As such, treated firms constitute 1.8% of observations among
consistently sampled firms in PIA Empresa, yet account for approximately 43% of total

PIA Empresa sales.

Firm-level survey - PIA Empresa is meant to be representative of Brazilian manufac-
turing. Therefore, it covers firms that employ at least 5 people. Firms that employ 30
or more people are consistently part of the sample. The variables include sales; assets,
including write-offs and improvements; various categories of investment; different types of
employment distinguished by function; various categories of employment remuneration;
materials and energy inputs; inventories; cost categories such as repair and maintenance,
third-party services, water expenditure, and transport costs; as well as establishment lo-
cations and the number of local sites. Further information on the dataset’s characteristics,
including the number of observations, is provided in Appendix A.

To ensure consistency between firm-level and establishment-level regressions, and to fa-
cilitate comparability with previous studies, I restrict the sample to census-sampled firms
(571,674 observations), as establishment-level information is available only for firms with

30 or more employees. Moreover, in several specifications I restrict the sample to firms

25To avoid the confounding effects of the Covid-19 pandemic, I exclude the years 2020 and 2021 from
the empirical analysis.

26For data protection reasons, I extract information on firms only if at least three firms are present in
the respective mesoregion. This regulation is imposed by IBGE to protect firm-level confidentiality. This
restriction applies only to statistics and regressions at the industry—mesoregion—year level.
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that remain in the sample throughout the period to ensure better comparability with the
control group, given that treated firms are on average much larger. Among the census-
wise sampled firms, there are 317,969 observations of firms that “survived” until 2019.
Additionally, T exclude the top 0.5% of observations in material repair and maintenance
expenditures, as these observations exert extreme leverage on the 2SLS second-stage es-
timates and yield economically implausible magnitudes. The exclusion is not driven by
weak-instrument concerns: the first stage remains strong, and the Kleibergen—Paap weak-
instrument F-statistic is, if anything, larger when these observations are included. Rather,
the restriction is intended to ensure that the estimated treatment effect is not driven by

a very small number of high-leverage observations in the upper tail of the distribution.

Subsidized credit registry - Federal Law n® 12.527/2011 (the "Access to Information
Law") obliges all public entities to publish information of public interest (except that
deemed legally confidential).?” In the spirit of compliance with the law and to promote
transparency, the BNDES publishes information on each of its "direct and non-direct"
operations.?® These information sheets constitute my main data source for subsidized
credit. These sheets contain information about the credit recipient, the credit line, con-
tract date, duration, project description, amount, and more. The resulting dataset covers
the universe of subsidized credit allocated by BNDES to firms between 2002 and 2023,
encompassing the “hot” industrial policy period under the PT governments, including the
PITCE (2004-2008), the PDP (2008-2011), and notably the PBM (2011-2014) periods.
The subsidized credit data are merged with firm-level survey data based on the Cadastro
Nacional da Pessoa Juridica (CNPJ) number of each firm—that is, the National Registry

of Legal Entities in which every company is automatically enrolled upon incorporation.

Descriptive statistics - Table 2 presents descriptive statistics for subsidized credit loans
recorded in the BNDES credit registry between 2002 and 2019. Between 2002 and 2019,
there are 1,462 firm-year observations in which a manufacturing firm received at least
one non-automatically approved subsidized loan. The average size of a non-automatically
approved subsidized loan for a manufacturing firm was R$108 million,? with an average
repayment period of about five years® and an average interest rate of 4.1%. All subsidized

loans were denominated in Brazilian reais (R$). The average Brazilian CPI inflation over

27See Federal Law n® 12.527/2011.

28For more information, see BNDES Data about Financial Operations.

29This corresponds to USD 20.9 million in 2020, USD 32.4 million in 2015, USD 61.4 million in 2010,
USD 44.4 million in 2005, and USD 37 million in 2002. These conversions use the BRL-USD exchange
rate recorded on January 1 of each respective year by the Economic Research Division of the Federal
Reserve Bank of St. Louis (FRED).

30 Although the BNDES primarily specializes in long-term financing, as noted earlier, the subsidized
credit lines analyzed in this study are more appropriately characterized as medium-term financing instru-
ments given the average repayment period.
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the period was approximately 5.5% (World-Bank, 2025),3! implying a real interest rate on
R$-denominated loans of around —1.4%. Between 2002 and 2019, total non-automatically
approved subsidized credit provided to manufacturing firms amounted to approximately
R$158 billion,*? equivalent to 13.3% of investment in machinery recorded in PIA Empresa.
This implies that non-automatically approved subsidized credit, within the framework of
the PT governments’ industrial strategies, constituted a large-scale industrial policy at
the national level.

Table 3 reports descriptive statistics of the main firm balance sheet variables, disaggre-
gated by treatment status. Column (1) reports average sales, employment, and investment
for treated firms. By contrast, Column (2) presents the same variables for the non-treated
group. Subsidized credit is sizable, amounting on average to approximately 10% of total

annual sales.

Table 2: Descriptive Statistics of BNDES Subsidized Credits

e)) 2 3)

Loan Size Repayment Period Interest Rate
(Mio. 2020 USD) (Years) (%)
Mean 20.9 4.8 4.1
Std. 123.1 2 2.1

This table reports descriptive statistics of non-automatically approved BNDES subsidized credit for manufacturing
firms between 2002 and 2019 at the firm-year level. The dataset includes 1,462 such subsidized credit “bundles.”

Table 3: Descriptive Statistics of Firm Balance Sheets

(1) (2)

Treated Firms Non-Treated Firms

Investment (Mio. 2020 USD) 50.31 0.68

(862.5) (5.4)
Sales (Mio. 2020 USD) 446.88 20.3

(3,156) (78.7)
Employment 1,694 166

(3,804) (543)
Observations 7,754 310,215

Standard deviations are in parentheses.
Data: Brazil (2002-2019). All observations are at the firm-year level.

Purely descriptive event-study estimates, using the estimator of De Chaisemartin et al.
(2025), indicate that firms selecting into subsidized BNDES credit are already on an
upward trajectory. Figure 6 suggests that firms do not randomly select into BNDES
subsidized credit, but instead exhibit self-selection. In other words, there are strong
trends in certain firm characteristics prior to taking up BNDES subsidized credit; that
is, there are pre-trends. This constitutes an endogeneity concern that the econometric

analysis must address.

31 Additional information on the evolution of inflation during the observation period is provided in
Appendix A.1.

32This corresponds to USD 30.6 billion in 2020, USD 47.4 billion in 2015, USD 89.8 billion in 2010,
USD 64.9 billion in 2005, and USD 54.1 billion in 2002.
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Figure 6: Event study estimates for investment, sales, labor, and gross margin.

Figure 6 presents standard event-study estimates with absorbing treatment for four key
firm characteristics: (a) the investment-to-capital ratio, (b) sales of industrial products
and services, (c) the number of employees, (d) and the gross margin (profits over rev-
enue). First, as shown in Figure 6a, investment spikes following the take-up of subsidized
credit, consistent with the BNDES disbursement procedure, under which funds are re-
leased according to an implementation plan. Second, Figure 6b shows that firms selecting
into subsidized credit experience strong pre-treatment sales growth, consistent with the
BNDES targeting firms with a higher probability of repayment. Following treatment,
however, their sales growth appears to stagnate. Third, as revealed in Figure 6c, em-
ployment increases as well but continues to grow, albeit more slowly. Fourth, Figure 6d
shows that the gross margin falls slightly before treatment and rises modestly afterward,

although the estimated effect is not statistically different from zero.
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3 Empirical Strategy for Firm-Level Analysis

Figure 6 shows that BNDES support is associated with little to no additional sales growth
for supported firms. In this section, I develop the identification strategy and present

details of the main results, including a heterogeneity analysis.

3.1 Identification Strategy

The main empirical strategy employs a lag-augmented local projection design, following
Montiel Olea and Plagborg-Mgller (2021), combined with an instrumental variables ap-
proach in the spirit of Stock and Watson (2018) and Jorda and Taylor (2025).%33% The
instrument is constructed from lagged depreciation, proxied by the deviation of repair
and maintenance costs from the pre-treatment period industry-specific mean, and its va-
lidity is assessed using a matched sample. The design leverages the institutional setting,
particularly the bureaucratic effort required to obtain BNDES support, and the fact that
the vast majority of firms are never treated. To improve the comparability between the
treatment and control groups, I use propensity score matching to construct a comparable

control group.

The instrumental variable and the institutional setting jointly address two distinct selec-
tion margins: First, among all firms, only a subset chooses to invest; the instrumental
variable accounts for this selection. Second, among the firms that invest, only a sub-
set selects into subsidized credit—mamely those able to bear the bureaucratic fixed costs
associated with BNDES support and to incur these sunk costs. Moreover, omitted vari-
ables related to firms’ optimization behavior—such as productivity and other inputs—also
affect the capital stock and must be accounted for.

This set of analyses relies on the firm-level sample of firms that remain continuously in
the sample (“stayers”), which are, on average, larger than the typical firm, as Section 2
shows that treated firms are larger than their control group peers. Section 4.5 discusses

which comparison groups are most appropriate in the context of this study.

33Tn this context, an event study design would be a natural methodological choice. However, although
recent advances in the difference-in-differences/event study literature—specifically the estimators pro-
posed by De Chaisemartin et al. (2025)—permit difference-in-differences estimation with instruments,
event study frameworks that incorporate instrumental variables to address endogeneity are, to date, un-
available. Consequently, an alternative empirical design is required to analyze the dynamic effects in this
context.

341,ag augmentation in local projections simplifies inference, as it accounts for serial correlation and
thereby allows for the use of standard textbook formulas for standard errors (Montiel Olea and Plagborg-
Mgller, 2021). Moreover, lag augmentation substantially reduces estimation bias (Piger and Stockwell,
2025).
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I estimate the following structural equation:3?

T=-—3

AYrirgsn = Oitn + Frean + BBABNDES i, + Z AYtirtNht + Cfirt+h (1)
t=0

The data take the form of a standard panel dataset with periods indexed by t € T, and
the structural equation is estimated separately for each outcome horizon h € {1,...,6}.
Ayygirt+n denotes the log difference in sales between periods t and ¢4-h, that is, cumulative
sales growth h periods after the baseline period ¢t. ABNDES};, is a dummy variable
that indicates, for a given year ¢, whether a firm switches into treatment (i.e., is granted
BNDES subsidized credit), implying that treatment is absorbing. Ay denotes a vector
containing the 7 lagged values of the log difference of the outcome variable, with each log
difference measured between periods ¢ and t — 1. The corresponding coefficient vector,
Mht, 18 horizon-specific and therefore varies with the outcome horizon h. In the baseline
specification, three lags (7 = 3) are included. I investigate alternative lag lengths, e.g.,
7 =1, 7 =2, 7 =4. The industry fixed effects d;;,, and the mesoregion fixed effects
Kreon capture the respective trends at the industry and mesoregion levels. The parameter
of interest is [3),; its estimated value captures the differential impact of BNDES support
on firm output h years after take-up. Under the assumptions that the take-up of BNDES
support is uncorrelated with the error term and that no reverse causality exists, the
estimation of (1) enables one to assess not only whether BNDES support affects firm
output, but also when its impact materializes. As discussed earlier, these assumptions
are unlikely to hold, as firms strategically select into investment and BNDES support
based on a number of confounding factors.
To address these identification concerns, the instrument exploits temporal, within-firm
variation in lagged depreciation shocks to predict investment decisions and, ultimately,
the take-up of BNDES subsidized credit. Combined with the bureaucratic effort required
to obtain BNDES support—which I model below as a fixed cost—only firms able to
absorb this fixed cost ultimately take up BNDES support. There are several underlying
hypotheses that are key for this approach. First, I assume that firms purchase different
machines at different points in time from different producers. Second, I build on findings
from the maintenance management literature, as summarized in Dekker (1996) and A.
Garg and Deshmukh (2006), which point out that the deterioration and failure processes

are inherently stochastic. Depreciation shocks around the (industry-specific) mean serve

35Whereas the original local projection framework of Jorda (2005) specifies the system of equations
in levels, the subsequent literature has increasingly adopted specifications in long differences (Jorda
and Taylor, 2025, p.7). At least since Marriott and Pope (1954), it has been well established that
autoregressive models are subject to small-sample downward bias. Herbst and Johannsen (2024) show
that this issue also arises in the context of local projections. However, estimation bias can be substantially
mitigated by specifying the system in long differences and including lagged differences as controls (Piger
and Stockwell, 2025).
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as a source of random variation which—under the assumptions on machine purchases and
the presence of bureaucratic fixed costs associated with BNDES support—can be used to
predict take-up of BNDES support.

3.1.1 Measuring Depreciation Shocks

Information on when and for what reason firms record a depreciation shock is generally
not publicly available and therefore not observable. However, maintenance and repair
activities are closely related to depreciation (Albonico et al., 2014).3°

A first important insight from maintenance management and engineering is that private-
sector firms commonly apply a version of the “50% rule” when deciding whether to repair
or replace an asset (D.A.U., 2025). The 50% rule states that if repair costs exceed
approximately 50% of replacement costs, replacement is preferable (D.A.U., 2025).37

A second important insight from maintenance management and engineering is that preven-
tive maintenance management has become standard practice in manufacturing (Jardine
and Tsang, 2013). Indeed, firms that allow their assets to depreciate completely and break
down manage those assets far from optimally. Accordingly, accelerated depreciation—i.e.,
faster wear and tear—should lead firms to anticipate the replacement of an asset out of
concern that a major depreciation shock could temporarily halt production.

The reasoning behind the 50% rule and preventive maintenance management can be
illustrated with a capital good familiar to most people: a car. Over its life cycle, repair
costs for a car rise, as depreciation increases with age (Hulten and Wykoff, 1980). This
process continues until the owner anticipates that the next depreciation shock will be too
large. At that point, the owner invests in a new car to ensure that operations continue
smoothly (i.e., the family has a working car). In the “car metaphor” illustration, the
major depreciation shock leading to replacement investment at time ¢ is signaled by one
period of zero repair expenditure in period ¢t — 1. Introducing BNDES subsidized credit
into the “car metaphor,” the owner chooses to take up BNDES support at time ¢ (signaled
in the data by zero repair expenditure in ¢ — 1) if the expected benefits from replacing
the car are sufficiently large to justify the fixed costs associated with obtaining BNDES
financing.

The argumentation regarding the measurement of depreciation shocks is consistent with
the economic literature on capital depreciation. More recently, drawing on survey evi-
dence from Uganda showing that machine repair costs can be economically significant in

a developing economy context, Graff (2026) states that demand in the repair market is

36McGrattan and Schmitz (1999) document that maintenance and repair expenditures in Canada
(1956-1993) averaged 6.3% of annual GDP. Hence, it is reasonable to assume that depreciation > 0 Vf, ¢
in the Brazilian case.

3"The 50% threshold may vary across firms. However, this does not undermine the argument that
firms do not endogenously choose between replacement and repair, but rather follow a threshold rule
determined by physical and technical considerations.
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unpredictable, highlighting the stochastic nature of depreciation and its direct link to re-
pair expenditures. In earlier work, Feldstein and Foot (1971) and Eisner (1972) show that
the assumption that replacement investment is a constant share of the capital stock—as
in Jorgenson (1963)—is unsatisfactory and far from economic reality. Moreover, the eco-
nomic theory of optimal replacement investment developed by Feldstein and Rothschild
(1974) posits that firms do not allow their machines to break down, in order to maintain
an optimal level of capital services. This underscores that preventive maintenance man-
agement has a strong grounding in economic theory and that, in principle, depreciation
shocks should not have direct effects on output, but only operate indirectly through their
impact on the timing of (replacement) investment. In turn, Feldstein and Rothschild
(1974) note that the timing of replacement investment is highly sensitive to the cost of

financing, which is precisely what BNDES subsidized credit tackles.

In the firm-level survey data, firms report the direct costs associated with the maintenance
and repair of machinery and equipment. Bringing the car metaphor to the data, for a
hypothetical firm owning only one capital good, zero repair expenditure would signal an
anticipated major depreciation shock and, subsequently, replacement investment. Since
virtually all firms in the firm-level survey own more than one capital good, one would
expect a negative correlation between repair expenditures and investment.

In other words, firms with zero material repair expenditure (in the case of an indicator
variable), firms with a low repair-to-capital expenditure ratio (in the case of a “repair rate”
variable), or firms with negative deviations from the mean repair rate (industry-specific
to ensure more stable means) (in the case of a “repair rate mean deviation” variable)
are more likely to have experienced depreciation shocks in a given year. In line with
this argument, Table 4 reports significant negative correlations between investment and
the various measures of repair expenditure, providing empirical support for their use as

proxies for depreciation shocks.
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Table 4: Depreciation Shocks and Investment

Material MRO Cost Investment at ¢ (in Mio. R$)
1 (2) 3)
Rate (0/1) at t -1,780,0%**  -6,920%** -7,330%**
(3,690) (1,060) (1,730)
R-squared 0.3 0.72 0.82
Obs 406,333 406,333 404,879
Mean Deviation from Rate at ¢  -6,470,0¥** -9 060*** -3,260%**
(1,610,0) (1,140) (1,030)
R-squared 0.06 0.69 0.8
Obs 400,990 400,990 399,628
Rate at ¢ -4,060,0%** -9 ,060*** -3,220%**
(1,060,0) (1,140) (1,020)
R-squared 0.05 0.69 0.8
Obs 400,990 400,990 399,628
Firm FE No No Yes
Ind FE No Yes No
Year FE Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.

The results reported in this table are based on the following specification:
Tyire = o), i),(t) + Bmro_cost pire + €firt.-

All regressions are estimated using firm sales as analytical weights.

* p<0.10, ** p < 0.05, *** p < 0.01

All columns report results from the same regression specification, differing only in the
included fixed effects. Column (1) includes only year fixed effects, Column (2) adds in-
dustry fixed effects to the year fixed effects, and Column (3) presents the most restrictive
specification, including both firm and year fixed effects. As expected, adding fixed effects
to account for unobserved shocks affecting firm performance and potentially confound-
ing the relationship reduces the magnitude of the estimated effect, while a clear and
statistically significant negative correlation remains. To align with the maintenance man-
agement literature emphasizing the stochastic nature of depreciation and subsequently
repair schedules, I construct the instrument as the deviation of a firm’s actual repair rate

from its industry-specific mean over the full observation period:3®

TEPT firt—2 1 TEPT firt
depr _shockyfiy—9 = ———— — = ————VteT (2)
Kfirt72 T teTp;‘/reat Kfirt

Here, depr_shockgii—o denotes the proxy for lagged depreciation shocks, repry¢—o de-

notes the level of repair and maintenance expenditures, and Ky, denotes the capital

38Gince firms are observed only a few times in the pre-treatment period, mean deviations are calculated
relative to the industry-specific mean, which is by construction more stable due to the law of large
numbers, thereby mitigating bias from firm-level fluctuations caused by outliers.
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stock. As illustrated by the “car metaphor,” lagging depreciation shocks is necessary for
correctly predicting the timing of BNDES subsidized credit take-up using repair expen-
diture data. Given that manufacturing projects often span several years, including a
planning phase of 1-2 years (Brandsaas et al., 2025), and projects in a subsample of the
BNDES credit lines analyzed in this paper average five years from contract signing to
the completion of installments (Lage de Sousa and Ottaviano, 2018),% lagging deprecia-
tion shocks appears even more justified, given potentially long negotiations prior to the
take-up of subsidized credit. As a result, the lag length is set to two periods. Robustness
checks using lag lengths of one and three periods for the first-stage estimation described
in Subsection 4.2 are reported in Appendix B.2 and yield quantitatively and qualitatively

similar results.

The first-stage equation is, thus:
ABNDES iy = A depr_shockyivi—o + @i + 0y + Crirt (3)

This design compares firms that followed similar pre-BNDES support trajectories but
differed in the magnitude of depreciation shocks they experienced. Each product has
distinct physical characteristics that generate different stochastic depreciation processes
for the associated capital stock, thereby providing exogenous variation in depreciation
shocks across time within firms that can be exploited for identification. This variation
is arguably exogenous to unobserved factors influencing firm optimization behavior, as
firms cannot influence physical laws. The exclusion restriction requires that, conditional
on controls, these depreciation shocks affect firms only through their investment demand.
Therefore, I explicate preventive maintenance management and why it is highly likely that
depreciation shocks do not directly affect the output of reasonably well-functioning firms,
but instead only alter their maintenance and replacement schedules. To alleviate con-
cerns about omitted firm-level variables, I adapt the framework of Olley and Pakes (1996)
to characterize the conditions—standard in the industrial organization literature—under
which the exclusion restriction holds. Consequently, subsection 3.3 introduces deprecia-
tion into a framework similar to that of Olley and Pakes (1996) and Pavcnik (2002).

3.2 Local Projection Instrumental Variable Approach Conditions

The econometric assumptions underlying the local projection instrumental variable (LP-
IV) approach for estimating dynamic causal effects differ in one key respect from those

in "static" IV approaches commonly applied in microeconomic settings (Stock and Wat-

39Lage de Sousa and Ottaviano (2018) examine the BNDES FINEM and BNDES Automatico credit
lines, which are intended to finance large projects aimed at expanding production capacity, such as new
plants or production lines. Therefore, five years can be regarded as an upper bound on project duration
for the projects analyzed in this paper, which are on average smaller in scale.
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son, 2018, p.924). Local projections estimate impulse response functions to a random
treatment. The econometric term for this random treatment, here depr__shock¢iri—o, is
a “structural shock™ a primitive, unanticipated economic disturbance that is inherently
unforecastable and uncorrelated with other shocks. Impulse response functions trace the
causal effects of such treatments on variables of interest over time, that is, dynamic causal
effects. Define the vector of other shocks—that is, shocks to economic variables other than
BNDES support—as €.y, firt, Where N denotes the number of economic variables in the
system and 2: NV indexes all variables except the first, which corresponds to the treatment
variable, BNDES support. If BNDES};,, were uncorrelated with other shocks and any

measurement error, the dynamic causal effect ), can be expressed as:

Br = E(Ysiritn| BNDES ir = 1, €a.n firt, €firss S # ) —E(Ysirtsn| BNDES ire = 0, €2.N firt, €firs; S # 1)
(4)

where s # ¢ indexes all time periods other than ¢, and €y, denotes the corresponding

shocks.?® Under randomization, conditioning on other shocks is superfluous; nevertheless,

this representation emphasizes that the causal effect can be interpreted as the partial

derivative Oy, /0BNDESy;, conditional on all other shocks remaining constant.

The conventional relevance condition (sometimes referred to as a "strong first stage") can,

in this context, be expressed as:
E(BNDES i, depr_shockyiyi—2) # 0 (5)

and does conceptually not differ from the standard case (Stock and Watson, 2018). This
condition is, of course, testable and appears to be satisfied, as indicated by the results
and the corresponding Kleibergen—Paap weak-IV F-statistic reported in Table 6 and Ap-
pendix B.2.

An instrumental variable must also satisfy a contemporaneous exogeneity condition (some-
times referred to as "exclusion restriction"). In other words, the instrument must be

uncorrelated with other shocks €., ; at time ¢:
E(depr_shock firi—2, €1, firt) = 0 (6)

As in the standard case, this condition cannot be directly tested, as not all shocks are ob-
served. Section 3.3 discusses potential violations of the exclusion restriction and outlines

the assumptions under which it holds.

405 denotes all time periods except ¢, encompassing both periods before the shock occurs and periods
between the realization of the shock at ¢ and the outcome horizon h.
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In contrast to the standard microeconometric case, LP-IV approaches require an addi-
tional key assumption—the lead-lag exogeneity assumption—as the framework explicitly
accounts for dynamic effects. The key idea underlying this condition is that the outcome
Y41, generally depends on the full history of shocks. Therefore, for depr_shockgiyi—o to
identify the effect of BNDES¢;,, in isolation, it must be uncorrelated with all shocks at
both leads and lags.

E(€firt+j, depr _shockgi—o) = 0 forj # 0 (7)

The requirement that depr_ shockyi+—o be uncorrelated with future BNDES;,, is gen-
erally not restrictive: when depr_shockyi,,—o contains only depreciation shocks realized
until date ¢t —2, it follows from the definition of depreciation shocks as unanticipated accel-
erations of the wear and tear process in production. For past shocks, the requirement that
depr_shocki—o be uncorrelated with past €., fire is more restrictive and constitutes a
strong assumption. This implies that depr__shock ;+—2 must be unpredictable given past
realizations of depr_shockgii—o and €;.p, firt-41 Fortunately, the lag exogeneity condition
in (7) is testable, as it implies that depr_shockyi+—o should not be predictable using
lagged values of y;,¢, conditional on the included control variables. Table 18 in Appendix
B.3.1 shows that this condition generally holds (except for the ¢ —2 lag in the specification
that use only year fixed effects which is the less preferred main specifications). To improve
estimator efficiency, Stock and Watson (2018, p.926) suggest including control variables
that capture the dynamics of ¥y, in particular its lagged values. This paper already
incorporates such controls within the framework of Montiel Olea and Plagborg-Mgller
(2021).

3.3 Exclusion Restriction

A major concern regarding the exclusion restriction is that a depreciation shock might
directly reduce output and subsequently lower output growth. However, there exist dif-
ferent strategies in maintenance management (Jardine and Tsang, 2013). The complete
breakdown of a machine occurs only when a firm follows a “run-to-failure” strategy for
an asset, which is optimal only for assets that are non-critical to the production process,
since their failure causes no downtime in the production line (Tsang, 2002). In other
words, this approach is common for non-critical assets, such as small auxiliary machines.
To avoid costly downtime and optimize asset utilization, preventive maintenance strate-
gies are standard in manufacturing (Jardine and Tsang, 2013). Their main aim is to avoid
costly disruptions to the manufacturing process (Basri et al., 2017). As such, “normal”

major depreciation shocks (i.e., shocks not stemming from natural catastrophes) should

41Stock and Watson (2018) note that, strictly speaking, the requirement is that depr _shockyfiri—2 is
not linearly predictable given past realizations of depr_shockysiri—2 and €1.n, firt-
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advance the decision to replace rather than repair a machine, in line with the 50% rule,
but should not lead to production losses in cases where maintenance management is prop-
erly implemented. This assumption appears reasonable, as well-functioning firms should
manage maintenance properly, given that it can account, for example, for 12%-23% of
total factory operating costs in the UK (Cross, 1988) and up to 30% of total staff in
refineries (Dekker, 1996).

To clarify the conditions under which the exclusion restriction is not compromised by con-
founding variables, I follow Pavenik (2002) and derive a version of the dynamic framework
of plant-level profit maximization—developed by Ericson and Pakes (1995) and Olley and
Pakes (1996)—adapted to the context studied here.

I assume that each firm consists of a single establishment to align with my data. In
the data, approximately 94% of the observed firms operate as single-establishment units.
A plant’s objective is to maximize the expected value of its current and future profits.
Plants within an industry face the same input prices and market structure. However, they
differ in their efficiency levels and are subject to plant-specific uncertainty regarding fu-
ture market conditions and investment opportunities. In each period, a plant first decides
whether to exit the market or continue production. A plant chooses to stay in operation
if the expected present value of its future net cash flows exceeds the value of liquida-
tion. Conditional on remaining in the market, the plant subsequently chooses its input
levels. As a result, the plant’s optimal exit and input decisions depend on its observable
characteristics, such as its capital stock and investment levels. Plant-specific uncertainty
about future market conditions influences these choices and leads firms to follow divergent
trajectories. The model structure is compatible with imperfectly competitive market en-
vironments. In each period, firms take into account the market structure and the behavior
of other firms when making decisions about exit and investment. To account for strategic
interactions across firms, both profits and the resulting equilibrium exit and investment
policies are explicitly time-indexed.

In a given industry ¢ and a given region r, the capital stock at the beginning of the next

period t 4+ 1 of firm f is described by the law of motion:
kfpirtr1 = (L — Opirt) K pirt + @ pire- (8)

where 0y; is the depreciation rate and iy, is investment. Note that the depreciation
rate 0 is firm-specific and varies over time. Specifically, I assume that ;¢ consists of
a component anticipated by the firm and an unanticipated, stochastic component. For

simplicity, I assume that this process follows a Markov structure:

Opirt = N(Ofirt—1) + Nirt, (9)
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with A(-) denoting a function of depreciation in the previous period. Here, h(diri—1)
represents the anticipated component, and 7s;: denotes the unanticipated, stochastic
depreciation shock. On the one hand, with regard to the anticipated component, I consider
a setting in which firms plan their operations based on a depreciation rate informed by past
experience and observe the actual depreciation rate only at the end of each period, once the
depreciation shock has realized. On the other hand, the assumption of an unanticipated,
stochastic depreciation shock incorporates key insights from the maintenance management
literature, which emphasizes the inherently stochastic nature of deterioration and failure
processes. In other words, "[...] the state of affairs in a maintenance organization is often
dominated by unplanned events" (A. Garg and Deshmukh, 2006).

Productivity is known to the firm and evolves according to an exogenous Markov process.
Following Pavenik (2002), I assume that this Markov process is first-order to ensure the
model remains tractable. Thus, the plant’s state variables in the current period depend
on their values in the previous period. Equilibrium profits and firm value are functions
of the underlying market structure and input prices. Market conditions affect a firm f’s
profits and are common to all firms within a given time period and industry. The Bellman

equation for an incumbent firm can then be written as:

Vfirt(wfirta kfirt) = mﬁf{q), SUpP T firt (Wfirta k’firt) - C(ifirt) + Efirt Vfirt+l(wfirt+17 kfirt—i—l)‘inrt

ipirt 20

(10)
where 7;,4(+) are current period profits as a function of the vector of state variables,
c(ifire) is the firm’s overall cost of current investment 4y, 5 is the discount factor, and
J¢ire Tepresents information available at time ¢.
According to Ericson and Pakes (1995), solving this dynamic control problem results in
a Markov Perfect Equilibrium strategy governing the plant’s exit and investment choices.
The maximization operator in equation (10) reflects the firm’s choice between two alter-
natives: exiting the market and receiving the plant’s liquidation value ®, or continuing
operations and earning the expected discounted value of future profits. Let x ;¢ be an
indicator variable that equals one if the firm continues operating and zero if it exits. The

exit rule can then be expressed as:

17 if Wiirt Z wfirt<kfirt)
Xfirt = (11)
0, otherwise

Conditional on remaining active, the plant chooses its investment level based on its beliefs
about future productivity and profitability. The optimal investment decision ;. thus

depends on the current capital stock, the productivity level, depreciation rate and the
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cost of investment in absence of BNDES intervention:
’ifmf = i(wfirt, (5fz'rt7 kfz'rt7 Ct)- (12)

where ¢; denotes the per-unit cost of investment in period ¢. The functions w(-) and i(+)
are endogenously determined within the Markov Perfect Nash Equilibrium and depend
on the full set of parameters governing equilibrium behavior. Equation (12) extends the
investment demand functions in Olley and Pakes (1996) and Pavcnik (2002) by incorpo-
rating both investment costs and the depreciation rate. This extension builds on two key
lines of literature. First, parts of the Real Business Cycle literature incorporate stochastic
depreciation as a factor influencing investment behavior, as illustrated, for example, by
Burnside and Eichenbaum (1996). Second, at least since the seminal work of Rajan and
Zingales (1998), economists have emphasized a close link between investment demand
and the cost of investment. ¢; captures both financial costs and potential financial con-

straints.*?

Equilibrium - I assume that a firm’s investment cost is linear in the amount of investment
undertaken—that is, it equals the unit cost of investment multiplied by the number of
units invested. Consequently, in equilibrium, the total investment cost faced by a firm in

a given period is:

C(ifirt) = X ifm = X i(wfim 5fm> kfirta Ct)a (13)

where ¢; is the cost of one unit of investment. Firms are more likely to increase invest-
ment when the cost of investment is low. I now introduce the assumption that subsidized
investment financing is made available through BNDES. However, the availability of sub-
sidized credit is subject to a fixed cost that reflects institutional and bureaucratic factors,
as discussed in Section 2. Accordingly, the introduction of subsidized investment modifies

equation (13) as follows:
Cf X ij%'rt = (]_ — S)Ct X Z'(wfirt, 6f7,"rt7 kfirt, (1 — S)Ct> -+ ft (].4)

where ¢; and 7}, denote the unit cost and the amount of subsidized investment, respec-
tively. The variable s represents the subsidized credit, expressed as the fraction of the
unit cost that is saved. Which firms will self-select into subsidized investment? Profit-

maximizing firms will choose subsidized investment if it is less costly than conventional

42Nevertheless, I address this concern explicitly later by testing for credit constraints, following Lage
de Sousa and Ottaviano (2018).
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financing. This condition is satisfied for all firms for which equation (15) holds:
Cf X Z?i?“t < ¢ X ifirt (]_5)

Solving equation (15) for s allows one to conduct comparative statics on (16) (see Ap-

pendix B.1 for details) and identify the firms most likely to select into subsidized credit:

i(Wirts Opirts kpire, ct) + fr +1

s>1-— , :
Ct X Z(wfl'rt, dfirt; k'fi?“tv (1 - S)Ct>

(16)

Before conducting comparative statics on how the decision to take up subsidized credit
varies with the firm characteristics on the right-hand side of the equation, it is necessary
to impose a few assumptions on the functional form of the investment demand i(-). First,
investment demand i(-) is assumed to be a continuous and monotonic function covering

di
g 0), as

more productive firms derive greater marginal benefits from additional capital. Third,
o

8kf’i"rt

of diminishing marginal returns to capital. Fourth, i(-) is increasing in the depreciation

maintenance and repair costs. Second, i(-) increases with productivity (

i(-) decreases with the capital stock ( < 0), consistent with the standard assumption

6;;’1 - > 0), since higher depreciation necessitates greater investment to maintain the
r

capital stock. Fifth, investment demand declines with the cost of investment (aa—cit < 0),

rate (

reflecting the sensitivity of firms to investment prices. This is consistent with the condition
87rfi7‘t

that profits increase with capital (m > 0).

Hence, for any given level of investment, one can characterize the firms most likely to
self-select into subsidized credit. Totally differentiating equation (16) yields comparative
statics (see Appendix B.1 for details) showing that the condition in equation (16) is
most likely to hold for firms with high productivity (wy;,+), which are consequently larger
in size, experience larger depreciation shocks (d;+), and have a relatively low capital
stock (kfir¢). In other words, the firms that are disproportionally more likely to take up
subsidized credit are large (high wy;) and face substantial capital renewal needs (high
drirt), as discussed in Section 2.

To predict subsidized credit take-up, I require an instrumental variable that shifts one of
the right-hand side variables in equation (16) without being correlated with firm outcomes
in period t. To that end, I return to the lagged variation in depreciation, as expressed
in equation (9). Importantly, d¢;, varies randomly within firms over time. I use the
randomness in 7¢;,¢—1, embedded in d4;+—1, as a source of exogenous variation to predict

the take-up of subsidized credit.
Validity of Design - Identification relies on two key assumptions, in addition to the

dynamic framework building on Olley and Pakes (1996) and Pavenik (2002), and the

econometric assumptions underlying the local projection instrumental variable (LP-IV)
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approach, as developed by Jorda, Schularick, et al. (2015), Stock and Watson (2018),
and Jorda and Taylor (2025). First, among firms that invest, only firms that are able
to absorb the fixed cost select into BNDES-subsidized credit. Second, firms purchase
different types of machines from different producers at different points in time. Whether
these assumptions hold is difficult to verify, as the fixed cost is not directly observable.
Moreover, I do not observe which firm purchased which machine, when, and from which
producer. Subsection 3.4 presents evidence in support of the empirical design. Robustness
exercises are conducted in subsection 4.6 to test whether the results are driven by omitted
factors—such as political economy influences, technological innovations, migration, or oil

discoveries—or by outlying observations.

3.4 Validity of the Empirical Design

This subsection examines several potential threats to the causal interpretation of the
results. First, I discuss the bureaucratic fixed costs introduced earlier in the analysis.
Second, I examine the assumption related to the timing and nature of firms’ investment
decisions. Third, I assess the potential bias that could arise if eligibility for BNDES sup-
port were based on differing pre-trends across firms. Finally, I explore whether firms’

strategic manipulation of their sector or activity choice might confound the results.

Bureaucratic Fixed Costs — The bureaucratic process required to obtain BNDES
support was previously described in Section 2.2. To manage these bureaucratic fixed costs,
firms require administrative capacity in the form of personnel dedicated to navigating
regulatory procedures. Accordingly, one would expect a positive correlation between the
take-up of BNDES-subsidized credit and the number of administrative workers within a
firm. The data provide information on the number of employees not directly involved in
production.*® 1 use this variable as a proxy for a firm’s administrative workforce** and

estimate the following regression under various sets of fixed effects:
BNDEszrt =a+ BLnot—prod. + L), @), (r),(t) + Efirt, (17)

where @) i),(r),t) denotes different sets of fixed effects that control, among other things,
for time-invariant differences (including firm size) as well as time-varying factors common
across firms, such as changes in labor regulation and classification. The results, presented

in Table 13 in Appendix A.4, indicate a statistically significant positive association be-

43These employees of the firm might carry out one of the following tasks: administrative tasks, security
tasks, cleaning tasks, accounting, controlling, commercial tasks, transport, construction, gardening etc.
(IBGE, 2004).

44Even when firms outsource BNDES application tasks to third-party consultants, a substantial internal
administrative capacity is still required to supply necessary information and respond to consultants’
requests.
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tween BNDES take-up and both the number of non-production employees within a firm

and the wage bill share of non-production employees.

Firms’ Machine Purchases — A potential concern regarding the assumption that
firms purchase different machines from different producers at different points in time is
that some of these dimensions—such as timing, machine type, or producer—may not
actually vary sufficiently. If this is the case, the resulting variation in depreciation may
not be random, thereby weakening the identification strategy. Regarding the number of
producers accredited by BNDES, there were 11,409 accredited firms in 2025 (BNDES Ac-
credited Firm List, 14/07/2025). Similarly, the number of products eligible for BNDES
support in 2025 was 15,970 (BNDES Eligible Product List, 14/07/2025). These figures
suggest substantial heterogeneity in both machines and suppliers. Similar patterns of het-
erogeneity in machines and suppliers have been documented in other settings by previous
studies. In the U.S. manufacturing sector (1972-1997), Bernard et al. (2010) report that
multiproduct firms produced, on average, 3.5 product varieties. These firms accounted
for 87% of total manufacturing output. In India (1989-2003), Goldberg et al. (2010) find
that multiproduct firms produced an average of 3 varieties, generating 80% of manufac-
turing output. Therefore, it is likely that each BNDES-eligible product category in Brazil
is served by multiple firms. Given that investment volumes vary substantially across both
time and firms in the data, it is unlikely that firms purchase identical machines at exactly
the same point in time. Nevertheless, this possibility cannot be entirely ruled out, as it

is not directly observed in the data.

Eligibility — To identify the causal effect of BNDES support, it is important to con-
sider the potential confounding role of eligibility for subsidized credit. If the Brazilian
government or BNDES designed eligibility criteria while anticipating differential trends
across firms or sub-industries, this would violate parallel trends assumptions underlying
alternative difference-in-differences specification. In such a case, firms receiving BNDES
support might have followed systematically different trajectories than those receiving little
or no support. However, since this paper adopts an instrumental variable approach one
does not need to impose a parallel trend assumption. Eligibility design based on firms’
depreciation patterns is highly implausible, as such patterns are unobservable and only
indirectly captured through the method developed here. To mitigate potential bias from
differential trends in observables, I implement propensity score-based methods similar in
context and methodology to Lage de Sousa and Ottaviano (2018). Details of the imple-

mentation are provided in Subsection 4.5.

Firms’ Manipulation of Sectoral Choice — Another potential concern is that firms

may strategically select their activity /sector in response to the announcement of BNDES
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support schemes. If this were the case, the estimated effect of BNDES support would
conflate the true treatment effect with a selection effect, thereby biasing the results. This
concern is largely mitigated by the fact that the instrumental variable exploits physical
variation. Moreover, even if one were concerned that sectoral selection could affect the
identifying variation, available evidence indicates that Brazilian firms exhibit a high degree
of sectoral immobility.

Using the universe of formal Brazilian firms between 2008 and 2017, Lobel (2024) doc-
ument that sector switching is relatively rare. Lobel (2024) attributes this immobility
to the significant bureaucratic costs associated with switching sectors in Brazil. First,
firms must revise their operating agreement, which includes providing documentation to
prove activity in the new industry. Second, they are required to obtain new operational
licenses from municipal, state, and federal tax authorities. In addition, clearance must be
obtained from local tax authorities and civil registry offices. Failure to comply with any

part of this process can result in legal sanctions and financial penalties (Lobel, 2024).

4 Empirical Results

This section presents the main results of the empirical analysis. I begin by investigating
whether BNDES support generated additional investment. I proceed by examining the
first-stage estimates of the instrumental variable strategy. I then turn to the second stage
and assess the impact of BNDES support on firm outcomes, with a particular focus on
output proxied by cumulative sales revenue growth. Next, I introduce a procedure—based
on propensity-score matching and an argument by Rosenbaum (2012)—to refine the con-
struction of comparison groups and conduct a sensitivity analysis. I then examine whether
the effects of BNDES support exhibit meaningful heterogeneity along several dimensions
identified by previous research as important for industrial policy design. Subsequently, I
evaluate the robustness of the results through a series of empirical checks. Finally, I take
stock of the findings and discuss their broader implications, laying the groundwork for

the theoretical framework needed to interpret the general equilibrium effects.

4.1 Investment

As Criscuolo et al. (2019) demonstrate, increases in firms’ economic activity in response to
industrial policy support are far from automatic. To assess whether BNDES credit induced
investment, I analyze the correlation between firms’ investment levels and their receipt of
subsidized credit. A positive, statistically significant correlation would provide evidence
of investment crowd-in, whereas a statistically insignificant relationship would suggest

that crowd-out, i.e., the substitution of financing sources, is the more likely explanation.

34



Table 5: BNDES Support and Investment-to-Capital Ratio

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
(1 (2) ®3) (4) () (6)
Panel A: OLS
Sub. Credit (0/1) 16%* .075 .042 .076 12 .08

(071)  (.084)  (.088)  (.099)  (13)  (.13)

Obs. 86,166 76,283 67,679 59,755 52,402 45,781
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p <0.10, ** p < 0.05, *** p < 0.01

Table 5 reports estimates from lag-augmented local projections in long differences of firm-
level investment-to-capital ratios on an indicator for BNDES subsidized credit receipt,
including firm fixed effects and fixed effects capturing industry and mesoregion trends.
Because supported investment projects may span multiple years, changes in investment-
to-capital ratios are examined from ¢ + 1 to ¢ + 6. The OLS results show a statistically
significant positive association between BNDES subsidized credit take-up and investment
at t + 1, consistent with investment crowd-in. This finding, particularly the initial in-
vestment spike, is consistent with the hypothesis that BNDES subsidized credit led to
additional investment. Nevertheless, it remains possible that firms used BNDES subsi-
dized credit to substitute for more expensive financing of already planned investments,

which could explain the relatively small additional output growth.

4.2 First Stage Analysis: Implications for Subsidized Credit Take-
Up

I estimate specification (3), where BN DES};, is a binary indicator for take-up (0/1) that
remains equal to one after initial take-up; that is, treatment is assumed to be absorbing.
The instrumental variable, depr_shocky;—2, captures lagged depreciation shocks. Firm
fixed effects, although differenced out in the estimation, control for unobserved, time-
invariant firm characteristics such as size. Given that the estimation is conducted in long
differences, fixed effects capture unobserved heterogeneity in trends across industries,

regions and firms.
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Table 6: First Stage Analysis

Dep. Variable Sub. Credit (0/1
Sample Stayers
Estimated in Long-Differences
274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6
(1 ) @) (4) (5) (6)
depr_shock firt—o SOk gpdekx _giwkk _ggkiok | ggiokk gk
(.053) (.057) (.062) (.056) (.063) (.076)
R-squared (1% Stage) .0031 .0044 .0041 .0047 .0041 .0053
Weak F-test (2% Stage) 29.41 30.73 25.29 46.98 29.74 24.46
(CV 10%) (16.38) (16.38) (16.38) (16.38)  (16.38)  (16.38)
Obs. 162,200 142,900 125,044 108,143 92,969 78,931
# (Control) Lags 3 3 3 3 3 3
Industry FE Yes Yes Yes Yes Yes Yes
Mesoregion FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p <0.10, ** p < 0.05, *** p < 0.01

Table 6 presents the first-stage regression results. All Columns report estimates where
the dependent variable is an indicator for whether a firm received BNDES support. The
only aspect that varies across columns is the sample, as local projections are estimated at
different time horizons, which mechanically reduces the sample size as the horizon length
increases. Therefore, differences in magnitudes are driven not by economic forces per
se but by the declining number of treated observations and the resulting changes in the
sample. The preferred specification is the one with the largest sample, as it contains the
most information—specifically, Column (1). Column (1) suggests that a one point increase
in the mean deviation of the industry-specific material repair rate at ¢t — 2 is associated
with a 0.29% point reduction in the probability that a firm takes up non-automatically
approved subsidized BNDES credit at .

The results are consistent with the hypothesized mechanism. Firms that do not spend on
repairs and are in need of investment are more likely to access, and make greater use of,
subsidized credit from BNDES, as indicated by A < 0. Appendix B.2 presents robustness
checks that use alternative time lags of depreciation shocks. The alternative specifications
produce results that are consistent with those reported in Table 6.#° I next report the

second-stage results.

45This paper focuses on the extensive margin of subsidized BNDES credit—whether a firm takes up
subsidized credit—rather than the intensive margin—the amount received—because the latter is difficult
to measure, requiring information on loan amounts, repayment periods, alternative credit availability,
and interest rate differentials, among other factors. The analysis of the intensive margin is therefore left
for future research.
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4.3 Second Stage Analysis: Implications for Sales Growth

This section evaluates the impact of BNDES support on firm output by estimating speci-
fication (1). Table 7 reports the estimated effects of receiving BNDES support on output,

measured in terms of sales revenue.

Table 7: Impact of BNDES Support on Sales

Dep. Variable

% Changes in Sales w.r.t Base Year

Sample All Firms
Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2 3) (4) (5) (6)
OLS .024 .033 .038 .078%* 4xxx 16%**
(.028) (.033) (.033) (.042) (.043) (.043)
2SLS .012 .19 13 .069 .069 .042
(.25) (.22) (.25) (.23) (.27) (-33)
Weak F-test (27% Stage) 29.41 30.73 25.29 46.98 29.74 24.46
(CV 10%) (16.38)  (16.38)  (16.38)  (16.38) (16.38)  (16.38)
Obs. 162,200 142,900 125,044 108,143 92,969 78,931
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p<0.10, ** p < 0.05, *** p < 0.01

Table 7 reports the estimated effects of BNDES support on cumulative firm sales growth
relative to the year prior to treatment (¢t — 1).%6 Results for the baseline specification
using alternative lag lengths (e.g., 7 = 1, 7 = 2, 7 = 4) are reported in Appendix B.3.2
and yield similar conclusions.?” Columns (1)—(6) report the estimated coefficients from
either OLS or 2SLS specifications of the structural equation at horizons ¢t +1 to t 4+ 6. For
the IV specifications, I include the Kleibergen-Paap F-statistic, which provides a robust
test for strong instruments, alongside the 10% critical values (CV 10%). The results differ
qualitatively between OLS and 2SLS, and this divergence increases with the horizon of

the local projections.

OLS estimates suggest that treatment effects take time to materialize, with a statistically

46Treatment is assumed to be absorbing after the first take-up, implying that treatment effects are
invariant to the timing of disbursements within the disbursement schedule and that subsequent subsidized
loans may overlap with the initial treatment, potentially confounding its estimated effects.

470n the one hand, the OLS results broadly point to a similar pattern as in Table 7, with additional
significant cumulative sales effects emerging from ¢ + 4/t + 5 onward and increasing over time. On the
other hand, the 2SLS results are generally larger in magnitude than the OLS results, but indicate that
cumulative sales growth largely stagnates (only in the specification with four lags does it increase from
t+4tot+5tot+6)if anything, as it never reaches statistical significance This holds despite a strong
first stage: the Kleibergen—Paap F-statistic exceeds the conventional threshold in all specifications (with
the exception of ¢ + 6 in the specification with four lags in Column (6) in Table 21).
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significant positive association between BNDES support and firm output emerging only
from t + 4 onward, which warrants further contextualization.

Although fixed effects account for observable, time-invariant firm characteristics and
trends in their environment (at the industry and mesoregion levels), unobserved fac-
tors may still bias the OLS estimates. OLS estimates may be upward biased due to
time-varying firm characteristics, particularly credit constraints. Firms facing credit con-
straints due to poor prior performance, are on a declining trajectory, resulting in a rela-
tively low initial level of sales from which subsequent cumulative sales growth may appear
mechanically large. To address these concerns, the 2SLS estimates are reported in the
corresponding row below.

The 2SLS estimates indicate that the take-up of subsidized credit is associated with
statistically insignificant increases in firms’ cumulative sales growth. Importantly, from
t + 4 onward, these estimates are smaller in magnitude than the corresponding OLS es-
timates. The previously described channels may account for the smaller 2SLS estimates
when comparing the coefficients in the OLS row with the coefficients in the 2SLS row in
Columns (4)—(6). Table 31 in Appendix B.5.1 reports the results of the main specification
in equation 1 by industry, revealing heterogeneity in treatment effects across industries.
In conclusion, the IV estimates suggest that cumulative sales growth six years after BN-
DES take-up is at most one quarter of the corresponding OLS estimate and is statistically

indistinguishable from zero.

To better interpret the difference in magnitudes, the IV estimates can be viewed as iden-
tifying a Local Average Treatment Effect (LATE). If firms that are more likely to respond
to the intention-to-treat (depreciation shocks) benefit less from BNDES support, then
the Local Average Treatment Effect (LATE) will be smaller than the Average Treatment
Effect (ATE). The next section examines the mechanisms underlying the causal evidence,

which points to at most lower additional sales growth relative to the OLS estimates.

4.4 Mechanisms

This section examines potential mechanisms underlying the finding that subsidized credit
is associated with, at most, modest output gains. First, I examine whether subsidized
credit alleviated firms’ credit constraints. Second, I review whether there is evidence that
BNDES subsidized credit was allocated to zombie firms. Third, I analyze whether access
to subsidized credit altered firms’ input mix, encouraging a shift toward more capital-
intensive and potentially more productive production processes. Relatedly, I explore

whether BNDES credit spurred production upgrading.
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4.4.1 Credit Constraints

The question of whether firms in developing economies face credit constraints—and whether
public policy interventions can effectively alleviate them—remains a central issue in the
literature (Banerjee and Duflo, 2014). This section investigates whether, in the present
context, BNDES succeeded in relaxing firms’ credit constraints.*® I slightly modify the
approach of Lage de Sousa and Ottaviano (2018) by defining credit constraints as an
indicator equal to one when the ratio of a firm’s investment-to-capital ratio to its cash-
flow-to-capital ratio is positive. This approach builds on the following observation: in
case firms are credit constrained, investment needs to be financed by own liquidity. As
argued by Fazzari et al. (1988), credit-constrained firms should exhibit a positive correla-
tion between investment and cash flow. Hence, other things equal, these firms would be
expected to show a comparatively higher investment-to-cash flow ratio. As emphasized by
Lage de Sousa and Ottaviano (2018), measuring credit constraints with the investment-
to-cash-flow sensitivity has been subject to criticism—most prominently by Kaplan and
Zingales (1997)—yet alternative methods (e.g., H. Almeida et al. (2004)) require data on
firms’ cash holdings, which PIA Empresa does not provide.

Table 22 in Appendix B.4 reports results testing whether the effect of subsidized credit
take-up is more pronounced among credit-constrained firms. To assess whether subsidized
credit has a differential effect on credit-constrained firms, an interaction term between the
subsidized credit indicator and the credit-constraint measure is included in the specifi-
cation. Because this specification includes two potentially endogenous regressors, two
instruments are employed: (i) the depreciation shock measure depr_shockiyi—2, as in the
baseline model, and (ii) the interaction of this measure with the credit-constraint variable.
The absence of a statistically significant, stronger effect for credit constrained firms in
case of take-up of subsidized credit offers a first explanation why the cumulative sales
growth gains associated with BNDES subsidized credit take up are positive but not sig-
nificant. If beneficiary firms were not credit constrained and could have financed their
projects elsewhere, BNDES credit likely financed investment that was not optimal. The
result stands in slight contrast to the results reported by Lage de Sousa and Ottaviano
(2018) who for their examined subsidized credit lines found that treated firms were more
likely to be credit constrained in the first place. Several factors may account for this,
including differences in the observation period and the restriction to the subsample of

non-automatically approved BNDES subsidized credit.

While credit constraints represent a key market failure targeted by industrial policy—illustrated

48This analysis adds to the extensive literature on credit constraints in Brazil, from Terra (2003),
Aldrighi and Bisinha (2010), and Ambrozio et al. (2017) to the recent study by Lage de Sousa and
Ottaviano (2018).
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by the South Korean case in Choi and Levchenko (2025)—recent research highlights that
keeping credit-constrained firms afloat without exit may lead to the emergence of so-
called zombie firms. The next section examines whether the potential zombie status of

BNDES-supported firms could explain the modest gains in sales growth associated with
the take-up of BNDES subsidized credit.

4.4.2 Zombie Firms

Another explanation behind at best modest sales growth after subsidized credit take-up
is that all receiving firms might have been in pretty bad shape already and barely surviv-
ing, that is they were "zombies".*® The seminal paper on zombie lending by Caballero
et al. (2008) defines zombie firms as those receiving subsidized (i.e., below-market-rate)
credit, which is not a suitable definition for the context of this study. A more appropriate
definition for this study is that of Albuquerque and Iyer (2024), who classify firms as zom-
bies if, for at least two consecutive years, they have (i) an interest coverage ratio below
one, (ii) above-median leverage within their industry, and (iii) negative real sales growth.
However, measures (i) and (ii) are not available in PIA Empresa. I therefore proxy for
zombie status using the share of financial costs in total firm costs, while acknowledging

the limitations of this approach.®®

Table 23 in Appendix B.4 does not provide evidence that gains in cumulative sales growth
differ systematically with firms’ financial cost shares. In this exercise, I instrument BN-
DES take-up and its interaction with firms’ financial cost shares using the instrument
and its corresponding interaction term. This specification pushes the IV approach to-
ward its limits in terms of predictive power, as reflected in the declining Kleibergen—Paap
weak-instrument F-statistic. Overall, although zombification is difficult to identify with
the available data, the results do not suggest that BNDES subsidized credit was primar-
ily allocated to zombie firms, as these firms would be expected to exhibit stronger sales
growth (i.e., a statistically significant positive interaction term) given their tight credit

constraints.

4.4.3 Production Upgrading

Verhoogen (2023) identifies four channels of production upgrading: learning (process in-

novation), quality upgrading,® technology adoption, and product innovation. The mea-

49 Although depreciation shocks are independent of zombie status, the latter could still explain the
results if all treated firms were zombie firms, as suggested by the definition of Caballero et al. (2008).

50The financial cost share may also reflect other confounding factors, such as credit rationing in financial
markets.

1For a detailed study on quality upgrading by Brazilian exporters, refer to Flach (2016).
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surement of these mechanisms is challenging. Most studies proxy upgrading by examining
changes in total factor productivity (TFP), yet, as Verhoogen (2023) notes, standard TFP
estimation procedures rely on assumptions that often fail in developing-country contexts.
Two indicators are particularly salient: First, as in much of the literature, I examine
whether different measures of productivity respond to BNDES subsidized credit take-
up. Second, because production upgrading implies changes to the production process, it
should lead to changes in input composition. As Acemoglu and Restrepo (2022) note,
technological change in industrialized economies—especially the United States—has been
skill-biased and accompanied by automation and the replacement of low-skilled labor with
machines, robots, and software. In other words, if production upgrading occurs, a firm’s

capital-labor ratio or skill intensity should increase significantly, and I examine this as well.

Overall, the results do not provide evidence of production upgrading among firms that
received BNDES credit. Table 24 in Appendix B.4 exhibits that the capital-labor ra-
tio increases persistently following the take-up of subsidized credit, which is consistent
with firms undertaking production upgrading. However, Table 25 in Appendix B.4 shows
that total factor productivity®® did not change in response to subsidized credit, which is
perhaps the clearest indication that production upgrading is unlikely to have occurred.
Moreover, Table 26 in Appendix B.4 shows no increase in labor productivity, measured

as sales per worker, and if anything a decline.

Apart from the capital-labor ratio as a preliminary indicator of production upgrading, the
various productivity measures reinforce the conclusion that BNDES subsidized credit was
not used for production upgrading. A plausible explanation is that production upgrading
depends not only on capital investment but also on the availability of other inputs, such

as skilled labor and high-quality intermediate inputs.3

4.4.4 Employment

Employment is another key outcome frequently emphasized by policymakers as a central
objective of industrial policy (Criscuolo et al., 2019).>* To examine whether employment

increased in response to the take-up of BNDES-subsidized credit, Table 27 reports the

2] employ the productivity estimation procedure developed by Grieco et al. (2016) and estimate the
production function at the two-digit industry level.

%3 As documented by Cox (2025), Brazil’s higher education capacity remained below demand for an
extended period following the 1996 education reform, likely contributing to shortages of skilled labor
needed for production upgrading. Alternatively, limited access to high-quality imported intermediate
inputs may also have constrained production upgrading, as suggested by Bas and Paunov (2021) for
Ecuador and given Brazil’s relatively low trade openness (Squalli and Wilson, 2011).

4Gkilled labor is a key complementary input for production upgrading (Fieler et al., 2018; Verhoogen,
2023). The increase in the capital-labor ratio following BNDES support may therefore reflect changes
in firms’ labor demand, especially as modern automation requires new skills and can either increase or
reduce employment depending on the production process (Acemoglu and Restrepo, 2018; 2022).
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results from regressions of equation 1 using total employment as the outcome variable.
The OLS estimates suggests that the magnitude and significance of the positive effect
initially increase over time, but fade after approximately six periods. These results are
primarily driven by the creation of employment among production (blue-collar) workers,
as shown in Table 28 in Appendix B.4. For white-collar workers, Table 29 in Appendix
B.4 indicates that the effect is not precisely estimated.

4.4.5 Profits

As firm activity shows little evidence of significant expansion after BNDES support, the
central question becomes how the funds were used. Since BNDES conditions loan dis-
bursements on demonstrated progress in project execution, confirming that investments
took place is unnecessary. Accordingly, BNDES support could have eased financing con-
straints, effectively releasing resources that firms could allocate elsewhere. One possibility
is that the support translated into higher profits.

Table 30 in Appendix B.4 displays regression results examining the impact of BNDES-
subsidized credit on firm profits. Taken together, the results in Table 30 point to increases
in profits following subsidized credit take-up; however, these effects are no longer statisti-
cally significant six years after treatment. The estimation is carried out in levels as profits
can turn negative and make meaningful long-differencing impossible.”® The increase in
profits, together with the simultaneous increase in employment and the capital-labor ra-
tio despite at most modest sales gains reported earlier, is consistent with the "quiet life
hypothesis,"%® first formulated by Hicks (1935), which states that managers do not always
maximize only profits when competitive pressure is weak. Indeed, the "quiet-life hypoth-
esis" can be rationalized by managerial theories of the firm. For example, in the seminal
model of Williamson (1963), managers maximize employment, prestige, and discretionary
profits subject to reported profits exceeding the minimum profits required by shareholders

plus taxes.?”

4.5 Sensitivity Analysis

To assess whether BNDES support enables Brazilian manufacturers to undertake addi-

tional productive investments that would not have occurred otherwise, it is instructive

55The specification does not include firm fixed effects, which will be incorporated in future versions of
this study.

56When competitive pressure is weak, managers may prefer a "quiet life" by avoiding difficult decisions,
innovation, or aggressive expansion rather than maximizing firm performance. Hicks (1935, p.8) famously
stated, "The best of all monopoly profits is a quiet life."

STWilliamson (1963) shows that the first-order conditions of this optimization problem imply that firms
continue to employ some workers even where the marginal product of labor is below its marginal cost.
This implies a degree of substitutability between profits and employment in his model.
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to examine the characteristics of potential treatment and control groups. According to
Rosenbaum (2012), researchers often work with datasets that do not represent the full
"natural" population. As a result, there is no compelling reason to estimate the treatment
effect for all observed units in the dataset. This paper aims to estimate the treatment ef-
fects of non-automatically approved BNDES support for manufacturing projects in Brazil.
However, the PIA dataset does not include all firms that received BNDES support, nor
does it cover the entire universe of Brazilian manufacturing firms. Additionally, it omits
firms engaged in manufacturing activities whose primary classification lies in the service
sector. As a result, the empirical analysis must be restricted to a subsample of the broader
population of Brazilian firms engaged in manufacturing activities. Nonetheless, it is not
immediately clear which subsample is most appropriate for estimating treatment effects,
and this choice requires careful consideration.

I define treatment and control groups following the methodology of Lage de Sousa and
Ottaviano (2018), who examine the FINEM and Automético subsidized credit lines of BN-
DES, with slight modifications to tailor their framework to the context of this study—particularly
to accommodate the longer time span covered in the analysis and to enhance the robust-
ness of the results. Ideally, the goal is to answer the counterfactual question: what
would have happened to the granted firms’ output had they not received BNDES sup-
port—making them, comparable to the non-granted, firms in the control group in this
regard. Answering this question first requires identifying the group of treated firms for
which sufficient information is available to support a robust analysis. Next, it is essen-
tial to define a “valid” counterfactual group that provides an appropriate benchmark for
comparison. Verifying whether firms have implemented their projects is, by contrast, re-
dundant. As previously discussed, BNDES disburses funds in installments, and—except
for the first payment—subsequent disbursements are conditional on the firm’s compliance

with the agreed implementation plan.

A detailed account of the refinement of the comparison groups can be found in Appendix
B.6. Appendix B.6.1 discusses how this study departs from the taxonomy of Lage de
Sousa and Ottaviano (2018) in refining the treatment group. Appendix B.6.2 examines
alternative definitions of control groups and how treated and control groups differ prior to
treatment. Appendix B.6.4 explains the choice of variables used to predict treatment take-
up in the propensity score matching, how many firms are ultimately matched, and how
similar these firms are in terms of observable characteristics thereafter. The matched firms
exhibit similar trends in profits and productivity; however, while they show comparable
levels of productivity and credit constraints, they do not display similar levels in proxies for
firm size, which remains a caveat. Finally, the results in Appendix B.6.5 can be cautiously
interpreted as reinforcing the earlier main findings. On the one hand, the propensity score

matching procedure yields a sample that is small. Together with the high-dimensional
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fixed effects, this may explain why the Kleibergen—Paap weak-IV F-statistic falls slightly
below its conventional threshold for outcome horizons t42 through ¢t+5, and substantially
below it for horizons t + 1 and ¢ + 6. For outcome horizons t + 2 through ¢ 4 5, although
the 2SLS coefficients are implausibly large—likely reflecting the amplification of weak-IV
bias in small samples described by Staiger and Stock (1997)°® —their magnitudes do not
increase further, consistent with the interpretation of the main results in Table 7. On the
other hand, the OLS estimates suggest sales growth gains that are only slightly above zero
and diminish further over time. All in all, the refinement of comparison groups supports
the hypothesis that, following the expansion of non-automatically subsidized credit, firms

increased their output only modestly on average, at best.

4.6 Robustness

During the period of BNDES subsidized credit expansion, other factors also contributed to
Brazil’s economic development and firm growth. The robustness of the empirical results
presented above may be further challenged by two additional threats not yet addressed:
outliers and omitted variable bias. To address these robustness concerns, this section
identifies the dimensions along which such issues may arise and proposes corresponding

robustness checks.

4.6.1 Omitted Variables

In contrast, unobserved productivity shocks—such as shifts in the political economy, agri-
cultural innovations, or oil discoveries—may negatively affect aggregate manufacturing
productivity and activity. This could cause the estimation strategy to understate the

true impact of BNDES support.

Political Economy - A natural concern for identifying the effects of industrial policy is
regulatory capture. It is indeed plausible that firms contribute to political campaigns in
exchange for inclusion in industrial policy programs. In such a case, industrial policy is
compromised. To address such concerns, Lobel (2024) investigates whether firm contribu-
tions to political campaigns are correlated with eligibility for labor subsidies implemented
during the 2010s. He finds no evidence of such a relationship and rejects the hypothesis
that political contributions influenced subsidy allocation. From this perspective, the fact
that labor subsidies are not associated with corruption alleviates concerns that BNDES
capital subsidies are subject to corruption.

Carvalho (2012) shows that, between 1995 and 2006, firms eligible for BNDES funding

expanded employment in politically attractive regions prior to elections. This, in turn,

8Staiger and Stock (1997) show that under weak-instrument asymptotics, the first-stage coefficients
shrink at the rate v/n (where n denotes the sample size).
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led to more favorable lending conditions. Note that the depreciation shocks used as
exogenous variation in the identification strategy should, a priori, not be correlated with
political connections, as they reflect random variation driven by physical wear and tear.
Carvalho (2012) focuses on federal and state-level elections. In the absence of data on firm-
level political contributions, the best available approach is to account for concerns about
influence-buying during elections by including a set of fixed effects for the corresponding
elections, under the hypothesis that all affected firms are similarly inclined to engage
in rent-seeking. Consequently, year fixed effects capture federal election years, while
interactions between year and state fixed effects account for state-level elections. The
current set of fixed effects in equation (1) captures only linear trends at the industry and
mesoregion levels and therefore does not control for year-specific shocks at these levels.

Appendix B.6.6 reports the results of a specification that additionally includes interac-
tions between year and industry fixed effects, as well as between year and mesoregion fixed
effects (a smaller unit than states), thereby capturing omitted factors at these levels. The
results show that the effect of BNDES support remains largely unchanged. Effect magni-
tudes are 1-5 percentage points higher, and the only notable difference from the baseline
results is that the 2SLS estimate at ¢t +6 exceeds the OLS coefficient but is not statistically
significant. Nevertheless, the magnitude of the coefficients suggests that subsidized firms
do not outperform the average Brazilian firm, as the 2SLS estimates are not statistically
significant despite adequate instrument strength. To sum up, political factors should not

be driving the estimated effects.

Innovation - Innovation is another factor that could confound the estimated effect of
BNDES support on firm expansion, as it may simultaneously influence both firm growth
and access to subsidized credit. On the one hand, technological innovations increase firm
productivity and, subsequently, output. On the other hand, sectors characterized by high
rates of technological innovation are particularly attractive targets for industrial policy.
Therefore, technological innovations can lead to an upward bias of the estimate of the
impact of BNDES support on firm growth.

Lower-income economies are further from the technological frontier (Caselli and Coleman,
2006). Using data from the World Bank’s Investment Climate Survey of Brazilian manu-
facturing firms from 2000-2002, Goedhuys and Veugelers (2012) investigate whether firms
pursue product innovations through internal development (“technology make”) or external
acquisition (“technology buy”) strategies. They find that successful process and product
innovations in Brazilian firms occur predominantly through “technology buy” strategies.

Therefore, it is reasonable to assume that technological innovations affect all firms within

a given industry uniformly. Consequently, since the regressions are estimated at the firm

59More precisely, through the purchase of machinery and equipment. For more details, see Goedhuys
and Veugelers (2012).
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level, interactions between year and industry fixed effects should absorb the influence of
technological innovations on the estimated effect of BNDES support on firm sales. Ap-
pendix B.6.6 presents the results of this regression and demonstrates that the estimated

effect of BNDES support remains largely unchanged.

Agricultural innovations - In theory, income-maximizing workers relocate to sectors
offering the highest wages. As long as this process is random, it does not pose a threat
to the identification strategies employed in this paper. However, agricultural innovation
is a potential channel that, if unaccounted for, could introduce a downward bias in the
estimation of the BNDES support’s impact on firm productivity. This is because agricul-
tural innovations—such as the genetically engineered soybeans studied by Bustos et al.
(2020)—may increase agricultural productivity, leading to higher wages in the agricultural
sector. In turn, manufacturing workers may be drawn into agriculture, a mechanism that
could dampen the gains from subsidized credit. In states such as Sao Paulo and Minas
Gerais, some mesoregions simultaneously exhibit strong manufacturing and agricultural
sectors. Therefore, including mesoregion—year fixed effects that capture agricultural in-
novations would help account for this potential confounding factor. The results of these
regressions, reported in Appendix B.6.6, indicate that the effects of BNDES subsidized
credit on sales remain largely unchanged once geographic—year-specific shocks are con-
trolled for.

Migration - Significant migration occurred from the Northeastern states to the South-
eastern states (IBGE, 2025). At the same time, the Southeastern states concentrated the
majority of Brazil’s manufacturing hubs. Different segments of firms may be affected by
this phenomenon in distinct ways. The included mesoregion-trends fixed effects should ac-
count for the potential confounding influence of migration. As reported in Appendix B.6.6
and discussed earlier in this section, the results from these regressions show that the es-

timated effects of BNDES subsidized credit on firm sales remain largely unchanged.

Oil Discovery - Brazil possesses the largest recoverable ultra-deepwater oil reserves in
the world and is Latin America’s leading oil producer (ITA, 2023). Consequently, oil dis-
coveries during the observation period may introduce a simultaneity problem in estimating
the impact of BNDES support, as both may influence firm outcomes contemporaneously.
Therefore, mesoregion—year fixed effects should mitigate the potential confounding effects
of oil discoveries. As shown in Appendix B.6.6, the estimated effects of BNDES subsidized

credit on sales are not materially affected.

Omitted Policies - It is plausible that Brazilian firms were simultaneously affected by

other economic policies over the observation period, which may confound the estimated
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effects. Over the past two decades, industrial policy in Brazil has primarily been im-
plemented by governments led by the Partido dos Trabalhadores (PT, Workers’ Party),
rather than by administrations from other political parties. The first government of Luiz
Inécio Lula da Silva launched the Politica Industrial, Tecnoldgica e de Comércio Exte-
rior (PITCE) in 2004 (M. Almeida, 2011). In 2008, PITCE was replaced by the broader
Politica de Desenvolvimento Produtivo (PDP) (M. Almeida, 2011). Subsequently, the
administration of Dilma Rousseff introduced the Plano Brasil Maior in 2011, which re-
mained in effect until 2014. Another feature of the PT governments’ economic agendas
was the Programa de Aceleragao do Crescimento (PAC). PAC was meant to accelerate
economic growth via strategic infrastructure investments in various dimensions such as
transport, energy, housing and others. PAC investments were not directed at individ-
ual firms and, as such, are unlikely to be systematically related to lagged depreciation

shocks—or vice versa.

Within a production function framework, the government can intervene by targeting either
the output side or the input side of a firm. On the input side, there are three main
channels through which the government could theoretically influence firm performance:
capital subsidies, labor subsidies, and intermediate input subsidies.

Concerning capital subsidies, previous studies® have noted that BNDES is the largest
financial institution in Brazil providing loans for long-term projects. Consequently, I
assume that BNDES loans constitute the main policy instrument affecting firms’ produc-
tivity.5? Moreover, BNDES played a central role in the implementation of the PITCE
and PDP industrial policies under the Lula da Silva administrations (M. Almeida, 2011),
as well as in the Plano Brasil Maior introduced by the Dilma Rousseff government. In
this paper, I relax that assumption by considering BNDES loans as the primary policy
tool for subsidizing firm capital, rather than the sole policy instrument affecting produc-
tivity. Given that non-automatic loans are significantly larger than the average BNDES
subsidized loan, this assumption appears reasonable.

For labor subsidies to confound the estimated effect of BNDES support on firm sales,
they would need to respond to lagged depreciation shocks—and vice versa. This seems
unlikely, given that depreciation is a capital-related phenomenon, whereas labor subsidies
are typically designed to influence employment outcomes rather than respond to capital
stock variations. A similar argument applies to intermediate input subsidies. Moreover,
in the context of the PBM, intermediate input subsidies primarily target specific product
categories rather than individual firms. As a result, their effects would be at least partially

absorbed by industry fixed effects.

60See, for example, Cavalcanti and Vaz (2017) and Lage de Sousa and Ottaviano (2018).
61Lage de Sousa and Ottaviano (2018), for example, follows the same approach.
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4.6.2 Outliers

One might suspect that individual observations that differ substantially from the rest are
driving the results. In particular, observations on large firms, which account for the bulk
of manufacturing activity and the vast majority of treated firms, may exert a dispro-
portionate influence on the results. To address these concerns, Appendix B.6.7 presents
results from regressions based on the main specification (1), excluding the top 0.01%,
0.1%, and 0.5% of firm observations by size.5?

The first stage remains comfortably strong in 89% of cases; only for the horizons ¢+ 5 and
t+6 in the sample excluding the largest 0.01% of observations does the Kleibergen—Paap
weak-instrument F-statistic fall below the conventional threshold. Excluding the largest
0.01% of firms, the results remain largely unchanged relative to the main specification.
However, once the top 0.1% and 0.5% of firms ranked by sales are excluded, the coefficients
turn strongly negative but are imprecisely estimated, even though the Kleibergen—Paap
weak-instrument F-statistic remains above conventional thresholds.®® A straightforward
explanation for this finding is that the number of treated firms is drastically reduced, and
the high dimensionality of the fixed effects may restrict comparisons to a small set of firm
observations, rendering the estimates particularly sensitive to outliers. Nevertheless, it

can be concluded that the baseline results are primarily driven by large firms.

Overall, the previously presented robustness checks support and refine the main baseline
results. More precisely, the estimated LATE effect primarily pertains to the largest firms

in the sample of stayers.

5 Empirical Strategy for External Economies of Scale

Building on conventional productivity estimation procedures in the industrial organization
literature, Reshef and Tepper (2026) develop a framework to infer EES from firm-level
data. This section extends the framework by developing a decomposition that distin-
guishes between an industry-specific component (in line with Marshallian externalities
emphasized in the international trade literature) and a location-specific component (in

line with Jacobs externalities emphasized in the urban economics literature).

62Tn future versions of the paper, I will report these regressions after excluding all observations for the
identified outlier firms.
63This stands in stark contrast to the results of the sensitivity analysis based on the PSM sample.
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5.1 Estimation Procedure

The starting point in Reshef and Tepper (2026) is the assumption that productivity
follows a Markov process, as is standard in the production function estimation literature.

Accordingly, the Markov process governing log productivity can be written as follows:

Weirt = M(Wrire—1) + Nirt (18)

where h(-) is a function capturing the persistence of firm-level productivity, and 7y, is an
unanticipated productivity shock at time t — 1 that affects firm-level productivity. Recall
that researchers typically estimate production functions at the industry level due to in-
sufficient observations at the firm level. I follow this approach and conduct the estimation
at the industry level using the procedure of Grieco et al. (2016) (hereafter GLZ).

In anticipation of the model developed in Section 6, I define log productivity wg; =
log(AyirEire) as comprising two components: an internal component, log(Agir) = @i,
capturing factors under the control of the firm’s management, and an externality com-
ponent, log(E;) = e, which lies beyond managerial control. Introducing industry—
mesoregion—year fixed effects in the estimation of (18) would allow one to isolate the e,
term within these fixed effects. Due to data constraints, it is not possible to estimate an e;,,
term, as this would require estimating production functions at the industry—mesoregion
level. Instead, I estimate an e;; term by including industry—year fixed effects in equation
(18):

Weirt = €it + M A fire—1) + Nirt- (19)

The industry—year fixed effects capture all external factors that affect firms’ productivity,
are not internalized by firm management, and operate uniformly within an industry. In
other words, the e;; terms capture productivity-enhancing (or -reducing), “technological”
(in the terminology of Greenwald and Stiglitz (1986)) externalities. Accordingly, I es-
timate equation (19) using the productivity estimates recovered from the procedure of

Grieco et al. (2016).

In a next step, I recover the industry—time fixed-effects e;; and pool them across industries.
I observe a total of 22 industries over 18 years. Including the year 2001 to avoid losing one
year of observations due to the Markov process yields 396 observations of industry—time
fixed effects. Following, I adapt the ideas of Mundlak (1978) and regress these industry—
time fixed effects on my variables of interest. In the following subsection, I explain the

derivation of the structural equation that allows to study the level of EES.
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5.1.1 The Level of External Economies of Scale

As in Kucheryavyy et al. (2023) and Bartelme, Costinot, et al. (2024), I assume EES
at a certain entity-level to be a function of the entity size measured as the amount of
entity-labor. Hence, to capture industry-specific EES, I include industry-employment in
the function. Similarly, to detect location-specific EES, I add mesoregion-employment in

the function which can then be written as:
Ey = F(Ly, Lyy). (20)

Before bringing equation (20) via a structural estimation to the data, a few transforma-
tions need to be undertaken to address some theoretical and econometric issues.

First, equation (20) suffers from double-counting: the employment of industry ¢ within
region r shows up in both employment terms L; and in L,;. Therefore, one needs to
subtract industry i’s employment in region r (L;) from either L; or L,;. For reasons

that will become clear later on, I subtract L;,; from L,; and write:
Byt = F(Lig, L_irt). (21)

where L_;.; = Ly — L.

Second, there is a dimensionality issue as the e; do not take into account the geography
of economic activity. For this reason, one needs to weight the L_;,; terms depending on
the exposure of industry i to region  and sum over the regions r € R.%* Consequently, I

weight the L_;,; by the employment share of industry ¢ in region 7:

Ey = F(Lm Z SirtL—irt)- (22)
reR
L*i'rt 65
Lrt '
Third, one needs to assume functional forms. To make progress in the study of the level of

where s;,; =

EES, I assume a Cobb-Douglas functional form for the "externality production function":

Ey = L%(Z SirtL—irt)B- (23)

reR

64This sum captures both the amount of regional employment (L_;.;) to which industry i is exposed
and the intensity of that exposure, as measured by its employment shares (s;-+). In other words, it
indicates whether an industry is concentrated in large regions in terms of employment and therefore more
exposed to regional externalities.

65A natural alternative would be to define the share as s;,.c = L;t” , capturing the share of employment
in industry ¢ located in region r. In this case, summing over regions r € R would yield a different,
and perhaps more direct, measure of industry ¢’s exposure to regional externalities. However, after log-
linearization, this definition leads to perfect multicollinearity in the subsequent regression. To see the

source of the problem, note that log-linearizing (23) yields alog(L;;) — B log(Lq: )+ log(z LML,M).

reR
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Cobb-Douglas functional forms in the context of EES are not new to the literature. In
their Armington model with external economies of scale, Kucheryavyy et al. (2023) as-
sume labor productivity to depend on industry labor to the power of a parameter that
governs the strength of EES in a given industry. Similarly, here, the parameters o and (8
govern the strength of EES at their respective level (a« — industry-level & 5 — region-

level).

Fourth, the estimated e;; terms are expressed in logs. Log-linearizing the RHS of the
equation (23) yields:
eir = a log(Ly) + 5 log(z SirtL_irt). (24)

reR
Fifth, it will be more instructive to regress changes of externalities e; on changes of
industry and regional employment. Consequently, equation (23) can be rewritten in terms
of changes in e;; on the left-hand side (LHS) and changes in the corresponding terms on

the right-hand side (RHS), yielding the following regression:

Aey = alAlog(Ly) + ﬁAlog(Z SirtL_irt) + Wiy (25)

reR

where u;; denotes the error term. Table 8 reports the results of a regression similar to (25)
but estimated in levels. Future versions of this paper will present results corresponding
exactly to (25).

Table 8: EES Level Analysis

Dep. Variable (Log) Externalities (GLZ)

Sample Stayers
Estimated in Levels

(1) (2)

(Log) Industry labor 8T .55

(.38) (1.8)

(Log) Mesoregion labor  -.86** -.59

(.38) (1.8)

Obs. 456 456

R-squared .021 .016

Industry FE No Yes

Year FE No Yes

Standard errors in parentheses.
Data: Brazil (2002-2019). All observations are at the industry-year-level.
*p<0.10, ** p < 0.05, *** p < 0.01

On the one hand, the number of employees within an industry is positively associated with
the externality proxy based on the GLZ productivity estimator. On the other hand, the
number of employees within a mesoregion is negatively associated with the same exter-

nality proxy. In other words, for a given firm, an increase in industry-level employment is
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associated with higher productivity, as the productivity-enhancing externalities common
to firms within that industry intensify. In terms of magnitudes, a one-percentage-point
increase in an industry’s workforce is associated with a 0.55 percentage point increase
in the level of externalities within that industry, on average. In turn, under the linear
production technology described in Section 6, this implies that firms in that industry
become approximately 0.55% more productive due to industry-specific EES. This average
effect can be explained by a range of mechanisms, from within-industry specialization
(e.g., the car industry with its highly specialized supply chains) to productivity spillovers
(e.g., Henry Ford’s introduction of the production line, which primarily benefited the car

industry).

What mechanisms could explain the negative association between the externality proxy
and mesoregion-level labor? To address this question, it is important to note that the
externality proxy reflects the net effect of both productivity-enhancing and productivity-
reducing externalities. As well established in the urban economics literature, both agglom-
eration forces and congestion forces can be important. In case of a negative association
between mesoregion labor and the level of externalities, it must then be that congestion

forces are dominating agglomeration forces at the mesoregion level in the studied sample.

The results presented in Table 8 do not constitute causal evidence. OLS estimates in Sec-
tion 5 may be affected by endogeneity, as unobserved shocks may simultaneously affect
the different labor aggregates. For example, input—output linkages—such as inter-industry
and inter-mesoregional connections—may simultaneously affect both labor aggregates and
the externality proxy. Moreover, as argued by Helm (2020), the thick labor market effects
postulated by Marshall (1890) are a key driver of EES and may simultaneously influence
« and (. For these and other reasons, establishing a causal estimate of industry specific
EES and mesoregion specific EES proves challenging. Common identification strategies
employed in the literature such as Helm (2020), Bartelme, Costinot, et al. (2024), and
Mion and Silva (2024) use trade-induced demand-side shocks that yield plausibly exoge-
nous variation across industries. However, identifying demand-side shocks that can be
cleanly separated into purely industry-specific or purely mesoregion-specific components
(excluding a given industry) is nearly impossible, due to the joint exposure of industries
to mesoregions and vice versa. To the best of my knowledge, no study has achieved this,
and shift—share IV approaches are not applicable in this context by construction. Con-
sequently, the approach applied here, while not without caveats, appears to be the best

feasible option at present.
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5.1.2 Are EES industry, region or industry-region specific?

When studying the level of EES, it is possible that they are specific to each industry—
mesoregion pair. However, industry—mesoregion labor cannot be introduced separately
into (25) to identify an industry—mesoregion-specific EES component, as the dependent
variable e;; varies only at the industry—year level. Nevertheless, the most feasible ap-
proach is to mechanically decompose the fitted effect o of changes in total industry log
labor Alog(L;) into the portion attributable to labor in a given region r and the portion
attributable to labor elsewhere. This can be done with a few auxiliary algebraic trans-
formation of the Alog(L;) term that are detailed in Appendix B.7. This allows one to

rewrite the structural equation (25) as:

Lifr — Lz’r -
Aey = a(—tl x Alog(L;_r) + =1 Alog(Lirt)) + 5A509(Z SiptL_ir).  (26)

i L
it—1 it—1 rER

Equation (26) shows that Alog(L;;) can be decomposed. On the one hand, it consists of
log changes in industry employment excluding a given region, Alog(L;_,;), weighted by its
share in total industry employment at t — 1, L;_,4_1/Liy—1. On the other hand, it consists
of log changes in industry employment within a given region, Alog(L;.), weighted by its

share in total industry employment at t — 1, L1/ Ly_1.

5.2 Taking Stock

The empirical analysis provides novel evidence on the effectiveness of firm-specific indus-
trial policy delivered through subsidized credit, as well as on the level of EES. Suggestive
evidence indicates that investment increases following the take-up of non-automatically
approved BNDES support. BNDES support generates, at best, modest increases in firm
sales growth, with the effects driven primarily by large firms. The absence of evidence
supporting the operation of primary mechanisms potentially driving firm expansion—such
as technological upgrading or the alleviation of firms’ credit constraints—reinforces these
findings. Additionally, the findings indicate that the impact of BNDES support is het-
erogeneous across industries, with OLS and 2SLS estimates suggesting significantly larger
sales growth for firms in a subset of industries. Although BNDES credit take-up generates
only modest increases in sales, there is evidence that it raises employment—particularly
in production-related occupations—and profits, consistent with the predictions of man-

agerial theories of the firm, such as Williamson (1963).

These estimates identify the relative firm-level effects of BNDES support but cannot as-
sess its aggregate effects or whether industrial policy was optimally targeted. Answering
these questions requires accounting for general equilibrium mechanisms, including EES

and changes in market structure. For example, the output expansion of a single firm can
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generate industry- or mesoregion-wide EES. At the same time, the expansion of larger
and more productive firms may alter their comparative advantage, potentially crowding
out smaller competitors and reducing their market share. Moreover, the at-best modest
output expansion, combined with a potential increase in firm profits following BNDES
support, raises the question of whether firms increased markups after gaining access to
subsidized credit, thereby highlighting the role of underlying general equilibrium dynam-

ics.

To assess these broader consequences, I develop a multi-industry, multi-region model in
which each region corresponds to a mesoregion, and each industry corresponds to a 2-digit
industry in the data. The model highlights the novel margins revealed by the empirical
analysis—namely, an at-best modest increase in firm output (particularly among large
firms) without evidence of production upgrading, an increase in (production) employ-
ment, a partially significant rise in profits, and an implied increase in markups—while
providing a general equilibrium framework for counterfactual analysis. Since BNDES
support is targeted at domestic firms, and given that Brazil is among the most closed
economies within middle- and high-income countries (OECD, 2023), the model abstracts

from explicitly incorporating an open-economy setting.

The empirical findings inform the structural analysis in two key ways. First, they motivate
several of the model’s core mechanisms and assumptions. Second, they provide well-
identified empirical moments that are used in the calibration of the quantitative model
to carry out the counterfactual analysis. Because each industry and region in the model
correspond to a 2-digit industry and a mesoregion, respectively, the model can be used to
assess the optimality of alternative industrial policy targeting strategies. The empirical
strategy for taking the model to the data is partly inspired by Choi and Levchenko (2025).
Finally, the quantitative model enables a counterfactual analysis in which the targeting
strategy of industrial policy is altered in isolation, while all other fundamentals are held
constant. This exercise quantifies the extent to which the expansion of BNDES subsidized

credit between 2003 and 2014 was optimally targeted.

6 Quantitative Framework

My main empirical finding is that subsidized credit extended during the expansion of
non-automatically approved BNDES loans, implemented as part of the PT governments’
industrial strategies, at best modestly increased cumulative sales growth. Additionally,
there is suggestive evidence that it led to higher employment and, to some extent, in-
creased profits. Given that BNDES support was received mainly by large firms, I inter-

pret this as evidence that subsidized credit primarily enabled these firms to increase their
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markups as part of their response to receiving subsidized credit, while the observed rise
in employment may have—albeit modestly—generated EES. I then develop a theoretical
framework that captures these empirical patterns and use it to assess whether BNDES
targeting at the macro margin could have been improved in counterfactual scenarios. The
main mechanism in the model are EES (Bartelme, Costinot, et al., 2024):% firms do
not internalize that expanding their current labor force increases the scale of their sector
or location, thereby raising productivity for themselves and their peers. Consequently,
short-run reallocations of subsidies toward "EES-generating firms" may lead to overall
welfare gains in the long run.%” Firms also exhibit heterogeneous markups depending on
their market share. Thus, firms may respond to subsidies by expanding output to varying
degrees, as they may simultaneously increase their markups. These features are consis-
tent with both the formal econometric evidence and the narrative historical record. In
such an environment, industrial policy plays a meaningful role. Government subsidies can
reallocate resources toward "EES-generating firms"—those that respond to subsidies by
substantially increasing employment while raising markups only modestly—within indus-
try-region pairs characterized by high EES growth potential. In turn, this may generate
welfare gains from EES that would otherwise be unattainable in a purely market-driven
allocation. Nevertheless, industrial policy interventions are costly, as they require the
government to raise tax revenue. Hence, as with all major policy initiatives, the central
question is whether the benefits exceed the costs. I discipline the model by deriving the
estimating equations used in the empirical analysis, allowing the key parameters of the

model to be recovered from the econometric estimates.

6.1 Model

This section develops a static general equilibrium model combining elements from Atke-
son and Burstein (2008), Gaubert (2018), and Bartelme, Costinot, et al. (2019).

Set-Up - The basic set-up builds on Gaubert (2018). A closed economy consists of
locations called regions r € R in which production takes place. The fixed land supply of
regions acts as a natural congestion force. This imaginary economy comprises a variety of

industries ¢ € I, each populated by firms that are heterogeneous in productivity. These

66For additional papers emphasizing EES as the primary mechanism, see Gaubert (2018) and Bartelme,
Jiang, et al. (2025).

67Brazilian firms’ competitiveness is emphasized in the narrative accounts of the goals stated by the
Brazilian governments behind its industrial strategies (Terra and Canédo Pinheiro, 2016). Moreover, this
interpretation is consistent with historical narrative evidence suggesting that, at the time, Brazilian firms
had lost competitiveness in international markets (Barbosa-Filho, 2020). At least since Krugman (1980),
it has been well established that competitiveness is intrinsically linked to the exploitation of economies
of scale. Since the factors underlying internal economies of scale are largely under managerial control,
industrial policy in the Brazilian context studied here primarily targets the realization of EES, as these
represent the externalities underlying the market failures such policies aim to address.
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firms f € F carry out production using local "equipped labor" (Alvarez and Lucas,
2007)% as only input.

There is one time period. Within the time period, the order of events is the following:
First, the government raises tax revenue to finance industrial policy subsidies. Second, the
government takes the initial allocation of economic activity as given and allocates indus-
trial policy support in the form of subsidies to maximize the generation and exploitation of
EES. Third, upon learning the amount of subsidy allocated to them, firms choose output
and input levels accordingly. The rationale to conduct industrial policy for a benevolent
government relies on otherwise unrealized EES that yield otherwise unattainable welfare
gains. Consequently, increased productivity leads to increased output. Finally, more effec-
tive exploitation of EES leads to higher output and, consequently, higher welfare relative

to the laissez-faire equilibrium.

Externalities - As a preliminary step toward operationalizing the alternative concep-
tualization of EES in Bartelme, Costinot, et al. (2019), I assume the presence of ex-
ternalities, following Greenwald and Stiglitz (1986), which I restrict to be technological
and productivity-enhancing in nature.®” I extend the framework by allowing these exter-
nalities to be generated at the industry-region level by the corresponding industry and
regional labor. In doing so, I depart from the earlier trade and urban economics literature
by assuming that EES consist of both a location-specific and an industry-specific com-
ponent. In line with most of the existing literature, I assume that EES depend on labor
rather than on output.” For the functional form, I adopt a power function specification,”
which I combine in a Cobb-Douglas structure to account for the two EES-generating in-

puts—industrial and regional labor:
By = B(L;, L,) = LYLP (27)

where o denotes the industry-specific component of EES, and § denotes the location-
specific component. For simplicity, I assume that EES affect all firms homogeneously; that

is, within a given industry-region pair, each firm benefits equally from EES in proportional

68See also Choi and Levchenko (2025) in the context of industrial policy.

69 As noted by Greenwald and Stiglitz (1986), externalities can be distinguished into technological exter-
nalities—those that have a direct impact on others’ profits or utility—and pecuniary externalities, which
affect others indirectly through prices. In an undistorted economy, pecuniary externalities do not reduce
efficiency, as distributional effects net out: gains—for example, to firms whose prices rise—are exactly
offset by losses to those who must pay higher prices in case prices reflect correctly opportunity costs.
However, in distorted economies—characterized by imperfect information and incomplete markets, as is
the case for all real-world economies—pecuniary externalities can lead to efficiency losses. Nevertheless,
I distinguish between technological and pecuniary externalities.

For other studies modelling EES as a function of labor rather than output, see Gaubert (2018),
Kucheryavyy et al. (2023), Bartelme, Costinot, et al. (2024), and Bartelme, Jiang, et al. (2025).

"IFor other papers assuming a power functional form for EES, see Kucheryavyy et al. (2023), Bartelme,
Costinot, et al. (2024), and Bartelme, Jiang, et al. (2025).
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terms. Firms determine their location by resolving the trade-off between location-specific
externalities and local input prices. Because firms face heterogeneous externalities and
input prices, they make heterogeneous location choices. Firms take the level of exter-
nalities in a given location as exogenous. However, they neglect their own contribution
to these externalities. As a result, firms do not fully internalize EES, leaving room for
welfare-improving policy interventions.

Note that the chosen specification also captures EES mechanisms that are simultane-
ously industry- and location-specific. This is because the industry—location-specific labor
force, L;., is simultaneously part of both L, and L;. Hence, increases in L;. have a more
than proportional impact on the generation of EES affecting firms within a given indus-
try—location pair. Consequently, the specification adopted here allows for a more general
formulation of EES than that in Gaubert (2018), where only location-specific EES exist
and their impact varies across sectors according to a sector-specific parameter indexing

industries from low- to high-EES sectors.

Workers - The worker problem follows Atkeson and Burstein (2008) but replaces leisure
with housing H, (inspired by Gaubert (2018)). Within each region r, L, identical workers
each supply one unit of equipped labor inelastically. Hence, the corresponding utility
maximization problem can be written as that solved by a representative agent in a given

region r. The worker problem is given by:

AN/ h 1-9
— - t. P+ Poh, = w,(L 28
me () (125) ot P He—uity .
where v denotes the share of income spent on final-good consumption, ¢ the quantity of
the final good per worker, and h, housing per worker in a given region r. The budget con-
straint states that a worker’s expenditure on the final good, P%c, and on housing, P7h,.,
must equal its labor income, w,, which—following Gaubert (2018)—is also a function of
the regional labor force L,. As in Gaubert (2018), workers are freely mobile; hence, in

equilibrium, utility is equalized across all inhabited locations at a common level U.

Regions - All regions are identical ex ante, and their characteristics are modeled following
Gaubert (2018). Each region is endowed with a fixed stock of land, normalized to one.
Distance between regions is irrelevant, as goods produced in the economy are either freely
traded across regions within the country or, in the case of housing, non-tradable. Land is
used to produce housing, which is perfectly divisible and consumed by workers. Atomistic
landowners produce housing H? by combining their land endowment ~ with local labor

LH . Tn doing so, they use the following Cobb-Douglas housing production function:

ALH
1-b

HY =" (

)1fb (29)
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Landowners are price takers in both the housing and labor markets, taking P and w,(L,)
as given.
The amount of housing consumed per worker in a given region can be derived by com-
bining the landowners’ profit-maximization problem with the housing expenditure share
in the worker’s overall budget and its aggregation, given w,(L,) and PX (for details, see
Appendix C.1):

h(Ly) = (1-0)"L;" (30)

As is clear from equation (30), housing per worker decreases with a region’s population,
as regions are land-constrained. This congestion force offsets the agglomeration-inducing
effects of positive production externalities in regions, thereby preventing complete ag-
glomeration of economic activity into a single region.

Workers are freely mobile. Consequently, their utility must be equalized at the level U
across all inhabited locations in equilibrium. To offset the decline in utility resulting from
the reduction in housing per worker as a region’s population increases, wages must rise
with region size. To determine a region’s wage w,(L,), it suffices to solve the worker’s
utility maximization problem, combined with the expression for housing per worker (30)
and the requirement that utility be equalized across inhabited regions at the level U in

equilibrium (for details, see Appendix C.1):

1-9

(L) = d((1 - 9) L) (31)

where @ = U7 PC is a constant to be determined in general equilibrium as in Gaubert
(2018).

Sectors - The sectoral structure follows a simplified version of Atkeson and Burstein
(2008), adapted to a closed-economy setting. Output in a given industry ¢ is a CES
aggregate of that industry’s firms’ f € F; outputs:

Fi e
Qi = [Z Q iy } (32)
f

where (); denotes the total output of industry ¢, @, the output of firm f, and ¢ the
elasticity of substitution across firms within a sector. Analogously, the price of industry

i’s output is aggregated as follows:

F, L
l1—0o
n=|Xre] )
fi
where Py, represents firm f’s price. Within each of the industries ¢ € I, each firm

produces a distinct good. The number of firms is small and exogenously determined, so
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there is no endogenous entry. Firms compete oligopolistically in quantities, engaging in a
Cournot-type game. Each firm determines its output @) ¢, taking as given the output levels
of other firms, the regional wage w,, the final consumption price P, and the aggregate
quantity C'. However, firms recognize that industry-level prices P; and quantities (); are
endogenous to their own output decisions.

The final good consumed by workers is produced by a perfectly competitive firm that
prices at marginal cost. Therefore, as in Atkeson and Burstein (2008), the consumption

composite C' is obtained by aggregating the outputs of a continuum of sectors:

C:(/OIQ:;Idi)M (34)

where 7 is the elasticity of substitution across sectors. Goods are imperfect substitutes
(( < o0), with varieties being more substitutable within a sector than across sectors

(1 < n < (). The price of the final good is simply equal to a standard theoretical price

L =
PC = ( / P}"di) (35)
0

In what follows, I derive the standard optimal demand functions faced by firms and

index:

industries in this setting. To obtain optimal firm-level demand, one maximizes industry-
level expenditure—defined as the total expenditure on the outputs of firms within a given

industry™ —subject to the industry-level aggregator of firms’ outputs in (32):

N\ ¢
Qpir = (%) Qi (36)

Similarly, at the sector level, optimal demand is obtained by maximizing the profits of the

final-good producer subject to total expenditure on the different industry-level composites:

Q; = ( 52) e (37)

Firms - Production is subject to EES. Bartelme, Costinot, et al. (2024) restrict EES
to operate through physical productivity, conceptualizing them as the constant elasticity
of productivity with respect to sectoral scale—a measure they term "scale elasticity." To
apply the alternative estimation approach for EES proposed by Bartelme, Costinot, et al.
(2019), which can be used in within-country settings where firm-level data are available

but trade data are not, it is necessary to slightly deviate from their definition of firms’

"2Recall that firms recognize that @; is endogenous to their own output decisions; hence, formulating
the firm’s problem that yields optimal firm-level demand is straightforward.
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production processes with respect to EES. Since firms control their own productivity, an
external component is required to formally define EES and to clearly articulate the ra-
tionale for industrial policy intervention—namely, the productivity-enhancing externality
that EES represent. Therefore, I define productivity as consisting of an internal com-
ponent Ay, —factors under the control of the firm’s management—and an externality
component FEj,., as introduced earlier, which is beyond managerial control and consti-
tutes the main rationale for policy intervention in the model. Consequently, EES are
defined here as the constant elasticity of the externality component Fj,. in productivity
with respect to the relevant entity’s scale—either industry-specific (« in Equation 27) or
region-specific (f in Equation 27). Correspondingly, firms in each industry-region pair

produce with a linear technology according to:
inr = AfirEirLfir (38)

where firms differ exogenously in their internal productivity component Ay;,.. It should
be noted that firms do not internalize E;, and thus treat it as constant.
As in the closed-economy version of Atkeson and Burstein (2008), but with the modifi-
cation that firms receive a subsidy on their input cost (wages), which they take as given,
each firm solves the following profit-maximization problem:

(1 —71)w,

max P ir i [ 39
Prir@Qpir yir Qs @ AfirBir (39)

subject to the inverse demand functions derived from (37) and (36):

PC 0; c)

For a detailed derivation of equation (40), see Appendix C.3. It is also useful to consider

the following accounting identity for firm f’s market share my; in industry i:

=1

Pfierir o szcr
F - ¢—1
PrirQ F A
Zf ferfzr Zf for

mfir (41)

Appendix C.3 shows how this result can be derived starting from equation (40). Solv-
ing the problem in equation (39) subject to constraint (40), while taking into account
equation (41), yields the optimal price for firm f (for detailed derivation, see Appendix
C.3):

-1
ir 1- T 1 1

Pfir _ e(mf ) ( T)w where G(mfir) = [_(1 — mfl.T) + _mfir] (42)
P Ui

€(mfir) —1 AfirEir
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Equilibrium - An oligopolistically competitive equilibrium is a set of prices { Py, } rer,

{P}icz, P, {P"},cr, {w, }rer and quantities {Q i} rer, {Qi}ier, C, {H? Yrer, {Ltir} fer
such that:

1. workers maximize utility,

2. utility is equalized across all inhabited regions,

3. firms maximize profits,

4. landowners maximize profits given w,(L,), P and PC,
5. markets, that is:

a) final goods,

(
(b

industry-level composite goods,

d

)
)
(c) firm-level goods,
(d) regional labor markets
)

(e) and regional housing markets clear
6. and the government budget is balanced.

Solving the government’s problem yields the vector of subsidies 7. I detail in Ap-
pendix C.5 how to solve for the different equilibrium conditions and how to construct the

unique equilibrium.

6.2 Optimal Policy

I now turn to the analysis of optimal policy. By optimal, I refer to the vector of subsidies
Ttir that maximizes the utility of the workers in all regions, taking the initial distribution
of economic activity as given. To characterize the structure of the optimal policy, the
analysis proceeds in two steps. First, I study an "ignorant" government that implements
a horizontal policy, distributing the same subsidy to all firms while ignoring EES. Second,
I demonstrate how a "technocratic" government can achieve welfare outcomes that are
better or worse than under a horizontal policy when implementing industrial policy by

targeting specific firms across regions and industries.

Government Problem - Therefore, the government maximizes global welfare by solving

s (9)(&) (13)

the following problem:

Tfir 79 1 — ’19
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subject to a budget constraint in which government revenue is raised by fully taxing

landowner profits, as in urban economics models such as Henderson (1974):™

R

> b(1 =) Lyw, (L) = > Tarwp(Ly) Ly (44)
f

T
(. S/

S

vV vV
Landowner Profits Subsidies

There are several dimensions along which the government must make appropriate choices
to achieve optimal industrial policy targeting. The first two relate to what I previously
termed the macro margin of industrial policy and are closely linked to EES. Therefore, the
government needs to consider which industries have the greatest potential for increases
in externalities. Similarly, it must ensure that subsidies target firms in these industries
that are located in mesoregions with the greatest potential for increases in externali-
ties. In other words, the government must account for returns to scale in the externality
production function.

The implications of returns to scale in externality production for optimal industrial policy
targeting are straightforward in the case where a, 5 > 0. In the presence of decreasing
returns to scale in externality production, industrial policy is best implemented by tar-
geting industry—mesoregion pairs with a relatively small labor force. If returns to scale
in externality production are constant, targeting at the macro margin becomes irrele-
vant, and horizontal and industrial policies perform equally well along this dimension. In
case that returns to scale in externality production are increasing, it is optimal for the
government to target industry—mesoregion pairs with a large labor force when designing
industrial policy at the macro margin. If either a or 3 is negative—reflecting that con-
gestion forces at the industry or mesoregion level outweigh EES—the government must
adopt a more refined targeting approach than in the cases described above. For example,
if v is negative, the optimal industrial policy at the macro margin is to target firms in
small industries and—depending on whether 3 is above or below one—in large or small
mesoregions. Conversely, if 3 is negative, it is optimal to target firms in small mesoregions

and—depending on whether « is above or below one—in large or small industries.

The remaining two dimensions relevant for industrial policy targeting pertain to the mi-
cro margin of industrial policy. On the one hand, the government must decide how many
firms—and in particular which firms—to subsidize. On the other hand, it must deter-
mine how much subsidy to allocate to each selected firm. This gives rise to a classic
"quantity—quality" trade-off at the micro margin of industrial policy. Two considerations
are central to resolving this trade-off. First, recall that the government in the model

subsidizes firms’ marginal cost in hope of firms’ expansion leading to more EES. Since the

"See also Gaubert (2018).
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level of externalities ;. in a given industry—mesoregion pair depends on the size of the
labor force, large firms can be expected— from an "EES perspective"— to generate the
greatest absolute increase in employment for a given marginal cost subsidy. Second, bear
in mind that firms translate a subsidy partly into output expansion and partly into higher
markups depending on their market share. Consequently, from a "markup perspective",
smaller firms are more attractive targets for industrial policy support. Taken together,

these considerations imply an optimal firm size at which the trade-off is best resolved.

In this framework, industrial policy potentially benefits households and increases their
welfare via two main channels that might be subject to attenuating general equilib-
rium effects. First, an optimal leveraging of externalities—and the resulting increase
in EES—will enhance productivity. In turn, higher productivity reduces marginal costs
and, ultimately, prices. Second, the subsidy lowers the cost of labor, enabling firms to
meet consumer demand that they previously could not satisfy due to production costs.

Consequently, labor demand increases, benefiting workers through higher wages.

The Structure of Optimal Industrial Policy - The government takes the initial
economic allocation as given. In contrast to individual firms, the government internalizes
that, through EES, the labor force of one firm indirectly increases the productivity of other
firms within the same industry-region pair. Accordingly, the government can implement
subsidies by covering a share of the wages paid by firms. Using these instruments, the
government can achieve an outcome for the overall economy that is superior to the equi-
librium under a horizontal policy. This is because the planner can reallocate resources,
via subsidies, toward firms that contribute most to the positive externalities underlying
EES. This indirect maximization of aggregate productivity leads to higher output and
consumption relative to a horizontal policy equilibrium. In the following, I compare the
equilibrium outcomes of the decentralized economy with those of the centralized economy
and derive the conditions on the vector of firm-level subsidies 7; under which the two

equilibria coincide.

First, consider the factor that prevents the decentralized economy from reaching its op-
timum in the absence of industrial policy: the firm’s hiring decision. The firm’s hiring
decision is obtained by taking the first-order condition with respect to L, from the firm’s
profit maximization problem in equation (39), after substituting ) s;, with its expression
in equation (38). On the one hand, in the decentralized economy, where firms do not
internalize their contribution to Fj,., and abstracting from subsidies, a firm hires labor up

to the point at which it faces the following condition:

U)fc = Pfi'rAfz"r’Eir (45)
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On the other hand, in the centralized economy, where the planner internalizes the contri-

bution of firms to Ej,, a firm would hire labor up to the point such that:

o B

U}C =P iTA irEi'r 1 —+ — e 46

= Prirdg ( T Lr) (46)

Therefore, the optimal subsidy for any given firm equalizes its social and private returns

by incentivizing it to hire the optimal amount of labor. Therefore, it simply reflects the

externality term and can be interpreted as a classic Pigouvian subsidy in the spirit of
Pigou (1920):

o B

o= — 4+ — 47

Tfir L, L, ( )

Notice that, for a given firm f, 77, is indirectly decreasing in firm size, as the terms L;

and L, increase with the firm’s labor force L.

6.3 Counterfactuals

I assess the extent to which BNDES industrial policy targeting was optimal. Accordingly,
the main counterfactual exercise computes the welfare change in a scenario in which BN-
DES targets industrial policy optimally in light of EES. In the model, this corresponds to
targeting firms that generate the highest employment bang-for-buck when subsidized, as
explained below, in the smallest industry—region pairs, given decreasing returns to scale

in the externality production function.

To compute the counterfactual gains from optimal industrial policy, I develop a sufficient-
statistics approach in the spirit of Arkolakis et al. (2012). That is, to compute the gains
from optimal industrial policy in the model, it suffices to compute the Spearman rank cor-
relation coefficient p between the government’s ranking of industry-region priorities and

the ranking of industry-region pairs by their EES potential, as well as the firm employ-
8Lfi'r

ment growth potential i The Spearman rank correlation coefficient p is calculated

as follows. First, for any industry-region pair, let E;, denote the predicted level of exter-

nalities in that pair, obtained using the estimated values of o and 8. Second, compute
8Eir
8Lfir
increase when an additional worker is added to a given firm in that industry-region pair.

the partial derivative , which indicates how much the level of externalities would
Third, let the matrix R denote the ranking of industry-region pairs according to their
predicted externality "growth potential," gL%. Fourth, let the matrix R;p, represent the
ranking of industry-region pairs based on the actual amount of BNDES subsidized credit

they received over the treatment period. Fifth, compute Spearman’s rank correlation
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coeflicient ppi“Fp to assess the similarity between the two rankings:

macro N
macro COU (RIP g )

popt. P = (48)
TRpgero0p,

Sixth, the interpretation of whether industrial policy is optimal depends crucially on
whether there are increasing (o 4+ > 1) or decreasing (o + 8 < 1) returns to scale in
the externality production function E;.(L;, L) in (20). On the one hand, in the case
of increasing returns to scale in externality production (a4 f > 1), optimal industrial

policy is characterized by py7“Fp = 1. On the other hand, in the empirically relevant case

of decreasing returns to scale in externality production, pji“7p = —1 indicates maximal

industrial policy efficiency.

Which firms the government should optimally target in a given industry-region pair—can
be determined as follows. Intuitively, the government should target firms that generate
the largest increase in employment in response to a subsidy, that is, firms with the highest
value of Zi—j::. Accordingly, begin with the equilibrium price charged by a given firm in
(42), which can be extended to express Ly;, as a function of the subsidy, among other
factors. Next, take the partial derivative with respect to 7y (recalling that the firm treats
Trir as exogenous), which yields the following expression (a detailed derivation is provided
in Appendix C.6):
OLgiy  PrivQyir

OTpie  Hparw (U= 7)™ (49)

where fi7;, denotes the markup, pp, = 655:?—"{21 Equation (49) clearly highlights the

trade-off the government faces when selecting firms for industrial policy support in a

8Lf . . . . . .
8sz: is increasing in @)f;-, implying that

given industry-region pair. On the one hand,
larger firms generate greater absolute increases in employment when subsidized. On the

other hand, gﬁ—ﬁ: is decreasing in fif;,, implying that firms with higher markups convert
a subsidy into smaller increases in employment. The values of % can be computed,
fir

allowing firms within a given industry-region pair to be ranked accordingly. Denote this
ranking by the vector Ror,,, /o, - Accordingly, firms within a given industry-region pair

can also be ranked based on the actual amount of BNDES subsidized credit they received,

micro

denoted by the matrix RYp Finally, one can compute Spearman’s rank correlation

micro

coeflicient pgi"7p to determine the optimality of the actual industrial policy:

Micro
micro COU(RIP ) RaLfir/ani'r-) 50
popt. P — ] ( )
ORpieroO0Lyir [07sir

macro micro

In contrast to poi™Ip, pPope 1p has a unique interpretation: optimal industrial policy is

micro micro

characterized by pgi"ip = 1. In other words, pgii"ip = 1 ensures that employment gains
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from subsidies—and thus the generation of EES—are maximized.

7 Taking the Model to the Data

To implement the counterfactual, I require, for the macro margin, the following inputs:
the industry-specific component of EES, «, and the location-specific component, 3, the
industry workforce {L;}ics, the mesoregion workforce {L,},cr, and the total amount of
BNDES subsidized credit allocated to each industry-mesoregion pair. For the micro mar-
gin, I require: firm-level revenue, Pf;Q;r, firm-level market shares, my;,., the elasticity
of substitution across industries, 7, the elasticity of substitution across firms within in-
dustries, ¢, and the amount of BNDES subsidized credit received by each firm. Table 9

summarizes the calibration.

Table 9: Calibration

Parameter Value Description Moment Source
FElasticities
« .55 Elast. of externalities w.r.t ind. labor OLS estimates Data
B -.59 Elast. of externalities w.r.t mesoreg. labor =~ OLS estimates Data
n 1.01 Elast. of subst. btw. sectors Atkeson and Burstein (2008)
¢ 3 Elast. of subst. varieties Broda and Weinstein (2006)

Labor Pools
{Li}ier Industry labor Data
{Lr}rer Mesoregion labor Data

Firm Characteristics

{PtirQyir}ser Revenue Data
{mysi}rer Market shares Data
{Tpir} BNDES subsidized credit Data

Notes - The table summarizes the calibrates values used for the quantitative analysis.

The model is static and therefore contains only one time period. Hence, its empirical
counterpart must be mapped carefully to the panel structure of the data. I interpret the
model as describing a cross-sectional equilibrium of the economy. Since the model has no
dynamics, each year in the panel can be treated as a separate steady-state cross section.
Accordingly, firm-year observations can be interpreted as repeated observations from the

model economy, potentially after controlling for aggregate year-specific shocks.

EES level - The mapping of the econometric estimates for a and § from Section 5 into
the model is straightforward. Accordingly, I calibrate them to the coefficients from the
fixed-effects specification reported in column (2) of Table 8. In doing so, I acknowledge
the main caveat of this procedure: equation (25) is estimated at the industry level rather
than at the industry-mesoregion level due to data constraints, which requires weighting

the L_;; terms by s;,4.
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Subsidies - Computing the counterpart in the data for the subsidies in the model pro-
ceeds as follows. In the model, the subsidy takes the form of a share of the wages paid
by firms—i.e., their marginal cost, as labor is the only input in production—whereas in
the data, the subsidy takes the form of subsidized credit. Note that the approach devel-
oped here requires only the ranking of firms and does not necessitate mapping the exact
amount of subsidized credit observed in the data to the model. Accordingly, I rank sub-

sidized firms based solely on the amount of subsidized credit they received in a given year.

Calibration of the remaining parameters and data inputs - Firm-level market
shares my;, are calculated as described below. Sales revenue is directly observed in the
main dataset. Firms without information on sales are excluded from the analysis. After
aggregating observed firm-level sales within each industry for a given year, I compute total
sales per firm and derive each firm’s share in these industry totals. To compute industry
and mesoregion labor, I follow a similar procedure, aggregating employment within each

observed year.

7.1 Welfare Results

I compute the extent to which the BNDES industrial policy targeting deviates from an

macro micro

optimal targeting strategy in a counterfactual scenario (pgip = —1 & pgit™p = 1).
Accordingly, I first compute the values of pji“Tp and pg"9p in the factual scenario,
thereby assessing how well BNDES support was targeted. I then compare these values
to the counterfactual scenario of optimal industrial policy. Table 10 reports the results

averaged across all years.

Table 10: Counterfactual Analysis

Targeting Strategy  Optimal IP  BNDES Horizontal
(1 (2) ®3)

Macro Margin
p(gr;)z}?r?P -1 -0.07 0.005

Micro Margin

Pibi S ! 071 0-005

Notes - The table reports the degree to which industrial policy
targeting is optimal under different targeting approaches.

Under the industrial policy targeting implemented by BNDES, overall targeting—considering
both the micro and macro margins—was suboptimal.
Regarding the macro margin, in the factual scenario—that is, under the actual targeting

implemented by BNDES-——the chosen industry-region pairs were not optimal, as pg5i“7p is

close to zero, which is far from —1. In other words, the generation of EES under BNDES
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targeting falls short of its potential and is more consistent with a setting characterized
by increasing returns to scale in externality production. That is, BNDES would have
performed better by directing support toward industry-region pairs characterized by a
large industrial workforce within a relatively small regional workforce.

Similarly, at the micro margin, the targeting implemented by BNDES yields a negative
pggg}“}P, which is far from the optimal value of 1. Indeed, as discussed in Section 2, firms
receiving BNDES support are substantially larger than those in the control group, and, as
shown in Section 4, they experience increases in profits following take-up. This suggests
that these firms may have translated the subsidy more into higher markups rather than
additional employment. In sum, BNDES should have targeted, on average, smaller firms
than those it supported, thereby generating greater employment creation and subsequently
EES.

The industrial policy design implemented by BNDES has quantitatively sizable long-run
impacts, consistent with the empirical finding that subsidies generated, at best, mod-
est additional sales growth, while also entailing fiscal costs for the Brazilian govern-
ment—abstracted from here for simplicity. The suboptimal design of BNDES industrial
policy may have prevented the Brazilian government from realizing the anticipated gains
in economic activity and tax revenue intended to finance these interventions. It may also
have contributed to the subsequent economic crisis in Brazil. This interpretation is consis-
tent with contemporaneous accounts, such as Barbosa-Filho (2020), which link pre-crisis
expansionary fiscal policies—including the government’s industrial strategies—to the en-

suing fiscal contraction during the crisis.

The welfare analysis above is based on the actual subsidies received by each firm, reflect-
ing BNDES’ observed targeting. While the counterfactual in which BNDES targets its
support optimally is well-defined by construction, it is also informative to consider a sce-
nario without any targeting. Such a strategy, which denies BNDES and the government
the ability to target industrial policy effectively, is commonly referred to as a horizontal
policy. To assess this scenario, I conduct an alternative counterfactual in which subsi-
dized credit is distributed evenly across all firms. This exercise effectively approximates
a scenario with no industrial policy. I hold the level of EES constant and abstract from
fiscal costs, as in the baseline, to ensure comparability of the results. A horizontal pol-
icy can be welfare-maximizing at the macro margin only in a specific case, namely when
a = [ = 0.5. Put another way, it can be welfare-maximizing when the level of EES does
not vary across industry-region pairs (o« = ) and returns to scale in externality produc-
tion are constant (o = 8 = 0.5). Consequently, a horizontal policy can perform better or
worse than industrial policy, depending on how optimally the latter is targeted. Relative
to the observed BNDES allocation, a horizontal policy may have yielded higher welfare,

as shown in column (3) of Table 10, particularly along the micro margin of industrial
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policy.

7.2 Alternative Exercises

Having presented the main results of the counterfactual analysis, I outline several alter-

native implementations to be explored in future work.

EES Level - The baseline model assumes that EES consist of an industry-specific and
a location-specific component. In doing so, this assumption conflicts with two well-
established traditions in the literature, which typically assume either industry-specific,
location-specific, or industry—location-specific EES (with the location defined at the coun-
try level), but not all three simultaneously. On the one hand, following the tradition of
Marshallian externalities (Marshall, 1920),* which has been widely adopted, particularly
in the international trade literature, it is assumed that EES are industry-specific. On the
other hand, following the tradition of Jacobs externalities (Jacobs, 1969),” EES are as-
sumed to be location-specific—an idea that has found widespread resonance in the urban
economics literature. To assess how this assumption affects the results, future versions of
this work will include specifications in which I impose 8 = 0 and a = 0, respectively; that
is, externalities are assumed to be generated solely by the industry-specific or mesoregion-

specific labor pool.

Fiscal costs - The baseline model assumes that the government fully taxes away landown-
ers’ profits to finance subsidies. However, the government may only have access to dis-
tortionary tax instruments. In that case, to fix one market failure, the government would
have to aggravate another. To capture this possibility, an extension of the model in which
the government can tax households and borrow on financial markets would be required;

however, this lies outside the scope of the current study.

8 Conclusion

This paper provides new evidence on the role that targeting plays in the success of indus-
trial policy and on how the level of EES interacts with this process. Combining empirical
and structural methods, I show that optimal industrial policy targeting depends on both
the micro margin—which firms to target—and the macro margin—which industry-region
pairs to target. In doing so, the analysis addresses a central question in industrial policy:

which firms should the government target, and in which industries and locations?

™See also Arrow (1962) and Romer (1986).
"5See also Henderson (1974) and Ahlfeldt et al. (2015).
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On the empirical front, focusing on the micro margin of industrial policy targeting, I
leverage the revival of large-scale industrial strategies implemented by the PT govern-
ments in Brazil between 2004 and 2014. A central component of these strategies was
industrial policy in the form of subsidized credit provided by the Brazilian Development
Bank, BNDES, which served as the principal instrument by channeling credit to finance
productivity-enhancing investments. Exploiting variation in the physical depreciation of
machinery and equipment, I construct an instrument for BNDES subsidized credit take-
up that generates plausibly exogenous exposure to the expansion of such credit intended
to finance major manufacturing investment projects. The results reveal that BNDES sub-
sidized credit led to little additional investment, at most modest additional sales growth,
increases in profits, and increases in employment among treated firms. These findings sug-
gest a particular mechanism: the expansion of BNDES subsidized credit not only enhances
firms’ output at most modestly, but also allows firms to substitute away from high-cost
financing, thereby increasing their profitability, likely in the form of higher markups given
lower costs.

Focusing on the macro margin, I exploit Brazil’s economic geography, in particular vari-
ation in within-industry spatial concentration and across-industry agglomeration. There-
fore, I further develop the procedure in Reshef and Tepper (2026) to identify the industry-
and location-specific components of EES in a theory-consistent manner. I find that EES
are predominantly industry-specific in my sample and estimate decreasing returns to scale
in the production of externalities. These results highlight that targeting industrial policy
at the macro margin requires not only selecting the right industries but also the right

locations within which these industries are present.

To assess the optimality of the industrial policy design chosen by the BNDES—including
general equilibrium forces and spillovers—I build a multi-industry, multi-region model
with firms that have heterogeneous markups and can translate subsidies into higher out-
put and higher markups. The model features two components of productivity: an in-
ternal component and an externalities component produced at the industry-region level
by the corresponding industry and regional labor pools, leading firms to not internalize
the productivity-enhancing effects of their employment on within-industry and within-
region peers. Adopting a sufficient-statistics approach, I show that the industrial policy
design of the BNDES was suboptimal at both margins, the micro and the macro. On
the one hand, at the micro margin, firms that were too large were targeted and did not
generate maximum employment, as they translated subsidies not only into employment
but also into higher markups. On the other hand, at the macro margin, the targeting
approach chosen by the BNDES did not correspond to a setting with decreasing returns
to scale in externality production; that is, it would have been optimal to target smaller

industry-region pairs.

70



These patterns point to important complementarities: not only is it important to target
the right industries in the right regions, but this must go hand in hand with targeting
the appropriate firms. Moreover, industrial policymakers must consider which mechanism
underlying industrial policy—commonly summarized by EES—they seek to leverage and

carefully assess the level at which EES arise.

All in all, these results provide a more complete picture of how industrial policy should
be optimally targeted. They show that optimal industrial policy targeting consists not
only of choosing the right industries, but also of targeting the appropriate firms within
those industries and in the industry-region pairs where positive productivity-enhancing
externalities are abundant. While much of the existing literature has focused on either the
appropriate firms (e.g., small or exporting firms) or sectors (e.g., upstream industries),
this paper highlights the distinct role of externalities and EES in guiding industrial policy
targeting.

Several avenues for future research remain. Exploring the different mechanisms that can
generate EES, assessing whether these mechanisms are primarily location- or industry-
specific, and studying the joint design of industrial policy across the different margins
uncovered here, as well as others such as the number of firms to target, can yield valu-
able insights for both policy and theory. More broadly, this research contributes to a
growing literature showing that industrial policy can yield positive welfare effects when

appropriately implemented.
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A Data

Number of Observations - In total, my dataset comprises 764,711 firm-year observa-
tions for 20022019 (941,255 for 1996-2019), of which 571,674 (700,325 for 1996-2019)
firm-year observations originate from firms in the “census sample’—that is, firms with
more than 29 employees. The remaining 193,037 observations (240,930 for 1996-2019)
come from randomly sampled firms with between 5 and 29 employees. The sampling
procedure yielded observations on approximately 29,000 firms for the reference year 1996.
The number of firms observed increased steadily, peaking at approximately 51,000 in 2012.
After that, the sample size decreased to 42,000 observations in 2020.7

All in all, the sample covers approximately 95% of Brazilian economic activity stemming
from manufacturing firms (IBGE, 2004). Because IBGE receives information on firms’
number of employees for a given year only at the end of the following year, there is a
two- to three-year time lag before firms enter the consistently sampled portion of PIA-
Empresa. Firms in the employment range 5-29 are randomly sampled. In doing so, the
IBGE stratifies the randomly sampled part of its sample by federal unities (26 states

.77 Therefore, the six most industrialised federal

plus a federal district) and industry-leve
unities™ are stratified at the three-digit level of the Classificacao Nacional de Atividades

Economicas (CNAE).™ The other 21 federal unities are stratified at the two-digit level.

"6For a detailed account of the sample size, see Table 11 in Appendix A.

"TThe stratification is based on the information where firms are registered.

"Minas Gerais (MG), Rio de Janeiro (RJ), Sao Paulo (SP), Parana (PR), Santa Catarina (SC) and
Rio Grande do Sul (RS)

™The CNAE knows 112 industries at the 3-digit level.
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Table 11: Number of Firm Observations by Year

Year Number of Observations in PIA Empresa (Rounded to the Nearest Thousand)

1997 29,000
1998 30,000
1999 31,000
2000 32,000
2001 34,000
2002 35,000
2003 36,000
2004 37,000
2005 39,000
2006 41,000
2007 44,000
2008 44,000
2009 46,000
2010 47,000
2011 50,000
2012 51,000
2013 50,000
2014 50,000
2015 47,000
2016 44,000
2017 44,000
2018 43,000
2019 42,000

These numbers comprise all firms sampled in PIA-Empresa > 4 employees.

A.1 The Brazilian Context

Plano Brasil Maior -

The government of Dilma Rousseff launched the Plano Brasil Maior (PBM) through De-
creto n° 7.540 on August 27¢, 2011, in the aftermath of the Great Recession. This decree
announced the launch of the PBM and established the administrative structures respon-
sible for its implementation.® The primary objective of the PBM was to restore the
competitiveness of Brazil’s manufacturing sector, both domestically and in international

markets.?!

Inflation - The cumulative CPI inflation rate over 2002-2019 was 198% (125% for
2005-2019) while the Brazilian economy’s cumulative growth rate was 51% (37% for
2005-2019). Annual cumulative CPI inflation rates since 2005 are reported in Table 12.

80For more information, refer to Decreto n® 7.540, 02/08/2011.

81Paragraph 5 of the government’s Exposicdo de Motivos for Provisional Measure n° 540,/2011 explicitly
states this goal (available at: https://www.planalto.gov.br/ccivil_03/_ato02011-2014/2011/Mpv/
540impressao.htm).
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Table 12: Descriptive Statistics of Inflation & Growth Rates

Year Cumulative CPI Inflation Rate  Yearly CPI Inflation Rate = Cumulative GDP Growth Rate  Yearly GDP Growth Rate

2005 6.9% 6.9% 3.2% 3.2%
2006 11.4% 4.2% 7.3% 4%
2007 15.4% 3.6% 13.9% 6.1%
2008 22% 5.7% 19.7% 5.1%
2009 28% 4.9% 18.5% -0.1%
2010 34.4% 5% 27.4% 7.5%
2011 43.2% 6.6% 32.5% 1%
2012 50.9% 5.4% 35% 1.9%
2013 60.3% 6.2% 39% 3%
2014 70.4% 6.3% 39.7% 0.5%
2015 85.8% 9% 34.8% -3.5%
2016 101.9% 8.7% 30.4% -3.3%
2017 109% 3.5% 32.1% 1.3%
2018 116.5% 3.6% 34.5% 1.8%
2019 124.5% 3.7% 36.1 1.2%
Average 58.7% 5.5% 26.9% 2.2%
A.2 BNDES

Average BNDES Support per Firm by Industry

Extractive industries

Paper products
Metallurgy
Beverages

Coal and oil refining

Motor vehicles

Industry

Other trans. equipment
Chemicals

Non-metal. mineral products
Wood products

200m 400m 600m
Average loan disbursement per firm (2020 USD)

o
3

Figure 7: Average BNDES Support per Firm by Industry (2002-2019)

A.2.1 Structure of BNDES Operations

BNDES has four main credit lines that directly affect investment (De Menezes Barbosa
et al., 2020): BNDES FINAME, designed for the acquisition of machinery and equip-
ment; BNDES FINEM, intended to finance large investment projects (currently above
R$20 million) that upgrade production and expand production capacity; BNDES Au-
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tomdtico, which serves the same purpose as BNDES FINEM but covers smaller projects
(currently below R$20 million); and the Cartao BNDES, aimed at financing investments
by small and medium-sized enterprises. Together, these credit lines account for 90.5% of
non-automatic operations, with BNDES FINAME representing 52.1%, BNDES FINEM
28.2%, and BNDES Automdtico 10.2%. By contrast, Cartao BNDES is not reported due

to the small scale of its projects.5?

A.2.2 Government Funding For BNDES

Complementary Law n°19 of 1974 established that the BNDES has a continuous funding
stream from the social contributions PIS (private sector) and PASEP (public sector) fund.
In addition, Law n°8.019 stipulates that BNDES receives at least 28% of the contributions
to the Fund for Workers’ Assistance (FAT). Together, these sources accounted for 59.4%
of total liabilities in 2004, for example (BNDES, 2005). Additionally, the Brazilian gov-
ernment continuously approved new funding, transferred to BNDES through the Ministry

of Finance in forms of grants and subsidized credits.

2008 - The government adopted Provisional Measure n°439, later approved as Law
n°11.805, which granted BNDES a credit line of R$15 billion.

2009 - The government issued Provisional Measure n°465, later converted into Law
n°12.096, which renegotiated debts owed by BNDES to the Treasury to provide greater
financial flexibility. Additionally, it allocated R$44 billion (USD 22 billion) in new funding
to BNDES.

2011 - The government issued Provisional Measure n°526, later converted into Law

n°12.453. This increased the budget of the BNDES by R$164 billion (USD 98 billion)

in new funding.

Additionally, it also approved Provisional Measure n°541, later converted into Law n°12.545.
Thereby, the budget was increased by one billion R$ (USD 0.6 billion).

2012 - The government issued Provisional Measure n°564, later converted into Law
n°12.712. It added R$18 billion (USD 9.2 billion) to the BNDES budget and extended a
credit line of R$100 billion (USD 51 billion) to BNDES.

2013 - The government issued Provisional Measure n°594 in 2012, later converted into
Law n°12.814 in 2013. These acts increased the BNDES budget by R$85 billion (USD
39.4 billion).

82Tntroduced in 2003, Cartdo BNDES has accounted for an average of 2.9% of annual BNDES dis-
bursements.
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Additionally, it enacted Provisional Measure n°619, later converted into Law n° 12.873
which provided an additional R$10 billion (USD 4.6 billion).

Moreover, it issued Provisional Measure n°633, later converted into Law n°13.000. Provi-
sional Measure n°633 added another R$50 billion (USD 23.2 billion) to the BNDES budget.

2014 - When Provisional Measure n°633 was converted into Law n°13.000 in 2014, the
government added another R$40 billion (USD 17 billion) to the BNDES budget in addi-

tion to what Provisional Measure n°633 had envisaged.

2015 - The government issued in late 2014 Provisional Measure n°663, later converted
into Law n°13.132 in 2015. This measure added R$50 billion (USD 14.9 billion) to the
BNDES budget.

A.2.3 BNDES Non-Automatic Approval Process

The first phase of the negotiation process, the Consulta prévia, already constitutes a
complex and bureaucratic procedure involving various stakeholders within the IBGE with
whom the applying firm must interact. Within BNDES, the credit risk unit, together
with the relevant operational units depending on the project, evaluates the proposal and
submits their recommendations to the evaluation committee. Subsequently, the evaluation
committee prepares a decision card indicating whether BNDES is willing to support the
project, along with guidance and comments for the next steps. The Consulta prévia, with
the involvement of multiple internal actors, already constitutes a substantial bureaucratic
burden for firms, which must follow the process closely and comply with the corresponding
information requests. However, the bureaucratic process does not end with the approval
of the project plan. In the event of approval, firms enter a second phase—the andlise
phase—during which the project undergoes in-depth evaluation and negotiation (BNDES,
2013, p.22).
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The second phase, andlise, further increases the bureaucratic burden, as firms must in-
teract with multiple departments within the BNDES to negotiate details related to risk,
credit conditions, financial arrangements, and operational aspects. The detailed project
plan is used to assess its economic viability, the type of collateral required to guar-
antee the loan, balance sheet data, and other financial information, among other fac-
tors. Most importantly, the firm engages in direct negotiations with BNDES and the
relevant units, including operational, financial, and legal departments (BNDES, 2013).
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If all units approve the final agreement, it is submitted to BNDES’s board of directors for
final approval, after which the loan contract between BNDES and the firm can be signed.
After the contract is signed, the operational unit of BNDES begins disbursing the funds
in accordance with the implementation plan and periodically monitors the progress of the
project. Therefore, verifying whether firms have implemented their projects is ultimately
redundant, given that BNDES disburses funds in installments®® —and, except for the
first installment, each subsequent disbursement®* is conditional on the firm’s successful

adherence to the agreed implementation plan.®

83 According to Lage de Sousa and Ottaviano (2018), amortization generally begins only once all in-
stallments have been disbursed by BNDES.

84Lage de Sousa and Ottaviano (2018) note that, for their observation period 1996-2005, projects
financed through BNDES FINEM and BNDES Automdtico took on average five years from contract
signing to completion.

85 As reported by Lage de Sousa and Ottaviano (2018), BNDES always participates in a project up to
an upper limit that varies over time but is generally around 80%.
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A.3 Data Construction

Identifying Treated Firms - To identify treated firms—that is, firms receiving BNDES
support in the form of non-automatically approved loans—I proceed as follows: First, I use
firm-year—level aggregated BNDES data to identify firms that received non-automatically
approved loans between 2002 and 2019. During this period, an average of 322 new firms
per year received at least one of the BNDES subsidized credit lines under consideration,
with a peak of 462 firms in 2013.86 However, not all of these firms can be included in the
analysis, as some—particularly smaller firms—are not covered in the PIA dataset. This
is because the IBGE consistently samples manufacturing firms with 30 or more employees

for the PIA survey, whereas smaller firms with 5-29 employees are sampled randomly.

Subsidized Credit - Information on subsidized credit allocated by the BNDES was ob-
tained from the BNDES subsidized credit registry. Access to the subsidized credit registry
containing the full firm identifiers, rather than only the first five digits available in the
online version, was granted following a request filed under Federal Law n® 12.527/2011,
which governs access to information. At the time of writing, the data were available from
2002 through the end of 2024. The key variables include the total amount borrowed, the
interest rate, and the repayment period for each financial contract. I collapse the data to
firm—year observations by credit line, summing the total amount borrowed and computing

the average interest rate and the average repayment period.

Firm Balance Sheets - Firm balance sheet data are drawn from IBGE’s PTA Empresa
survey and were largely available from 1996 to 2021, with some exceptions. Due to the
COVID-19 pandemic and its far-reaching and highly heterogeneous impact on the Brazil-
ian economy, I restrict the analysis to data up to 2019. Given that subsidized credit data
are only available from 2002 onward, I restrict the sample to start in 2002 and use infor-
mation from 1996 to 2002 solely for the construction of certain versions of the instrument.
In 2007, IBGE updated its industrial classification system from CNAFE 1 to CNAFE 2, in
line with the transition from version 3 to version 3.1 of the United Nations’ International
Standard Industrial Classification of All Economic Activities (ISIC) (IBGE, 2004). Ac-
cordingly, CNAFE 1 classifications for firm—year observations prior to 2007 were mapped to
CNAFE 2 using the correspondence table provided by IBGE in Appendix 2 of IBGE (2004).

The IBGE conducts the PIA annually. Law n°5.534 of the 14" of November 1968 about
"compulsory statistical reporting and other measures" obliges all natural and judicial

persons in Brazil to respond correctly to surveys from the IBGE on pain of a penalty of

86More precisely, BNDES non-automatically approved 51,259 subsidized loans (6,532 when aggregated
at the firm-year level) for 3,822 distinct firms during 2002-2020.
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87 Hence, one can expect

20 minimum salaries in case of misreporting or no-reporting.
firms to not have incentives to misreport information.

The study uses a combination of variables directly collected by IBGE through the PIA-
Empresa questionnaire and variables computed by IBGE based on the reported informa-
tion.

Sales revenue for a given year is computed as the sum of revenue from the sale of products
and industrial services plus the change in product inventories between the previous year
and the year in question.

Labor expenditure is measured as the total wage bill, including salaries, withdrawals,
and other forms of remuneration, as of December 31 of each year. Total employment,
employment in production, and employment not linked to production are measured as the
number of employees in each respective category as of December 31 of the corresponding
year.

Intermediate input expenditure is defined as the sum of: (i) expenditure on material
purchases in the year in question; (ii) changes in the value of inventories of raw materials,
materials, and components between the previous year and the year in question; (iii) energy
expenditure, defined as the sum of expenditures on electricity and fuel; and (iv) starting
in 2007, expenditure on water, reflecting the water-intensive nature of industries such as
beverages, pulp and paper, and textiles.

Capital is measured as the sum of current and non-current assets, which are available from
2000 onward; this aligns well with the estimation sample, which begins in 2002. IBGE
distinguishes five types of investment: (i) acquisition of land; (ii) acquisition of buildings;
(iii) acquisition of machinery and equipment; (iv) acquisition of transport equipment; and
(v) other acquisitions, including computers, furniture, and similar items. Given the focus
of the policy under study, this paper considers only (iii) investment in machinery and
equipment and (v) investment in computers and other categories.

Exporter status is allocated to a firm once the share of its sales going abroad is positive.
For the application of the productivity estimator proposed by Barrows et al. (2023),
information on the destination of sales—distinguishing between (i) the domestic market,
(ii) the Mercosur and (iii) the rest of the world—is used.

Net profits are computed as the difference between total revenue and total costs in a given
year. Cashflow is calculated as the difference between net profits and depreciation as in
Lage de Sousa and Ottaviano (2018). The gross margin ratio is calculated as the ratio

of sales revenue over maintenance cost and all other costs not directly linked to production.

Subsidized credit data are merged with firm balance sheet data using the firm identifier

87For further information see Law n°5.534 from 14.11.1968 about Statistical Reporting. Penalties for
manipulation of data by bureaucrats are one-montly salary. Paying the penalty does not exonerate
someone from reporting the misreported information correctly afterwards.
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from the Brazilian National Registry of Legal Entities (Portuguese: Cadastro Nacional
de Pessoas Juridicas, “CNPJ”) and the year. The CNPJ is a nationwide registry of corpo-
rations, partnerships, foundations, investment funds, and other legal entities maintained
by the Brazilian Federal Revenue Service (Receita Federal do Brasil, “RFB”).

Inflation and Exchange Rate Data - Information on inflation and exchange rates
used to deflate monetary variables and to convert values into 2020 USD for comparability
with the literature is drawn from two sources. First, data on inflation in Brazil over
the observation period are taken from the World Bank’s World Development Indicators
(WDI) database and are used to deflate all monetary variables into 2020 Brazilian real
(R$) values. Second, data on U.S. inflation and the exchange rate of the Brazilian real
relative to the U.S. dollar are taken from the Federal Reserve Economic Data (FRED)
database of the Federal Reserve Bank of St. Louis.

A.4 Validity of the Empirical Design

Table 13: BNDES Support Take-Up and Non-Production-Workers

Sample Stayers
Dep. Variable Sub. Credit (0/1
Specification OLS OLS OLS OLS OLS OLS

(1) (2) (3) (4) (5) (6)
Number of Employees  .000032***  .000047***  .000058***

not in Production (3.2e-06) (1.6e-06) (.000021)
Wage Bill Share of 15%%* .06*** .037*
Labor not in Prod. (.028) (.022) (.019)
R-squared .25 37 .85 .05 31 .84
Obs. 317,969 317,967 315,042 317,969 317,967 315,042
Firm FE No No Yes No No Yes
Ind FE No Yes No No Yes No
Mesoreg FE No Yes No No Yes No
Year FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses. Data: Brazil (2002-2019). All observations are at the firm-year level. All regres-
sions use firm sales as analytical weights. Results pertain to subsidized credit coded as an absorbing treatment.
Results for punctual treatment are available upon request and display a qualitatively similar pattern. * p < 0.10,

** p < 0.05, *** p < 0.01.

B Estimation Results

B.1 Exclusion Restriction

As most variables of interest with respect to which one seeks to perform comparative
statics in equation (16) are endogenous, it is necessary to take total differentials using the

implicit function theorem. Therefore, rewrite equation 16 as an equality, as it defines the
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cutoff above which firms are likely to select into subsidized credit.
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The expression on the left-hand side in equation (60) is negative for x € {w,d} and
positive for © = k given the function i(-), implying that increases in = € {w,J} make it

more likely that equation (16) holds, if:
ix(w, 0,k c)i(w,0,k, (1 —s)c) < (i(w, 0, k,c) + fi + 1)ig(w,d, k, (1 —s)c) (61)

In other words, ds/dx < 0 implies that (16) is more easily satisfied for firms with larger
z € {w,d}, meaning that these firms can profitably select into treatment even when the
subsidy s is relatively small. Whether (61) and, subsequently, (16) hold depends, ceteris

paribus, primarily on the magnitude of the subsidy and the fixed costs.

B.2 First Stage Analysis
B.2.1 Alternative Timing of Depreciation Shocks

Mean deviations from the depreciation rate at ¢ — 1

Table 14: First Stage Analysis: Depr. Shock at ¢t — 1

Dep. Variable Sub. Credit (0/1
Sample Stayers
Estimated in Long-Differences
274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6
1) (2) 3) (4) (5) (6)
depr _shockyiri—1 S3TREE 36K _36%FF L 3pFxEk _ZgRRx g okkx
(.051) (.059) (.063) (.069) (.059) (.07)
R-squared (1% Stage) .0033 .0048 .0045 .0043 .0046 .0057
Weak F-test (27¢ Stage) 37.44 37.34 32.05 25.30 43.28 36.20
(CV 10%) (16.38) (16.38) (16.38) (16.38)  (16.38)  (16.38)
Obs. 162,127 142,854 125,014 108,127 92,952 78,916
# (Control) Lags 3 3 3 3 3 3
Industry FE Yes Yes Yes Yes Yes Yes
Mesoregion FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p<0.10, ** p < 0.05, *** p < 0.01

Mean deviations from the depreciation rate at ¢t — 3
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Table 15: First Stage Analysis: Depr. Shock at ¢t — 3

Dep. Variable

Sub. Credit (0/1

Sample Stayers
Estimated in Long-Differences
274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6
(1 ) @) (4) (5) (6)
depr_shock i3 LOMRR L gPHRRK _ggaekk | gpkdok | godkk gk
(.057) (.064) (.064) (.069) (.072) (.08)
R-squared (1% Stage) .0033 .0045 .0044 .0044 .004 .0051
Weak F-test (2”d Stage) 24.76 24.01 26.85 25.01 20.32 18.27
(CV 10%) (16.38)  (16.38)  (16.38)  (16.38)  (16.38)  (16.38)
Obs. 162,254 142,938 125,069 108,171 92,988 78,946
# (Control) Lags 3 3 3 3 3 3
Industry FE Yes Yes Yes Yes Yes Yes
Mesoregion FE Yes Yes Yes Yes Yes Yes
Standard errors in parentheses.
Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
* p <0.10, ** p < 0.05, *** p < 0.01
B.2.2 Alternative Measures of Depreciation Shocks
Indicator depreciation at ¢t — 2
Table 16: First Stage Analysis: Depr. Indicator
Dep. Variable Sub. Credit (0/1
Sample Stayers
Estimated in Long-Differences
274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2) 3) (4) (5) ©)
depr _shockfiy_o SO3TRER L Q4FFRE | QA4FER _ Q4RFRE  _Q41RFE _ Q44rkx
(.0058)  (.0061)  (.0066)  (.0067)  (.0075)  (.0087)
R-squared (1% Stage) .0053 .0073 .0074 .0082 .007 .0086
Weak F-test (Z"d Stage) 41.12 48.86 45.58 51.76 29.24 25.74
(CV 10%) (16.38)  (16.38)  (16.38)  (16.38)  (16.38)  (16.38)
Obs. 162,784 143,327 125,368 108,397 93,163 79,082
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.
Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

*p<0.10, ** p < 0.05, *** p < 0.01

Depreciation rate at t — 2
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Table 17

: First Stage Analysis: Depr. Rate

Dep. Variable
Sample

Estimated in

Sub. Credit (0/1

Stayers

Long-Differences

274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6
(1 ) @) (4) (5) (6)
depr_shock firt—o S8R gpdekx _giwkk _ggkiok | ggiokk gk
(.052) (.056) (.061) (.055) (.063) (.076)
R-squared (1% Stage) .0031 .0044 .0041 .0046 .004 .0051
Weak F-test (2% Stage) 29.05 30.31 24.81 46.09 28.28 23.44
(CV 10%) (16.38) (16.38) (16.38) (16.38)  (16.38)  (16.38)
Obs. 162,784 143,327 125,368 108,397 93,163 79,082
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.
Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

*p<0.10, ** p < 0.05, *** p < 0.01

B.3 Second Stage Analysis

B.3.1

Lead-Lag Exogeneity Condition

Table 18: Testing the LP-IV Lag-Exogeneity Condition

Sample Stayers
Dep. Variable Depr. Shock (Mean Dev. Repair Rate) t — 2
Specification OLS OLS OLS OLS
1 ) 3) (4)
% A Sales (t-1) .001 .00028 .00025 .00061
(.0018) (.0017) (.0018) (.0014)
% A Sales (t-2) .0021%* .00076 .00097 .00078
(.00094)  (.00071)  (.00065) (.00083)
% A Sales (t-3) .0012 .00014 .00035 .000072
(.00082)  (.00062)  (.00061) (.00063)
R-squared .007 .059 .093 .34
Obs. 185,272 185,271 185,189 183,662
Firm FE No No No Yes
Ind x Year FE No No Yes No
Mesoreg x Year FE No No Yes No
Ind FE No Yes No No
Mesoreg FE No Yes No No
Year FE Yes Yes No Yes

Standard errors in parentheses.
Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

*p<0.10, ** p < 0.05, *** p < 0.01
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B.3.2 Alternative lag lengths

Table 19: Impact of BNDES Support on Sales (1 lag)

Dep. Variable

% Changes in Sales w.r.t Base Year

Sample All Firms
Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2 ®3) (4) (%) (6)
OLS .01 .01 .022 .065%* R 2
(.027) (.029) (.029) (.034) (.038) (.037)
2SLS 12 .29 .24 .23 27 .18
(.17) (-19) (-2) (.19) (.23) (-29)
Weak F-test (2% Stage) 46.03 43.84 37.11 59.68 33.17 26.56
(CV 10%) (16.38) (16.38) (16.38) (16.38) (16.38) (16.38)
Obs. 210,910 188,290 167,477 148,116 129,787 112,210
# (Control) Lags 1 1 1 1 1 1
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

*p<0.10, ¥ p < 0.05, *** p < 0.01

Table 20: Impact of BNDES Support on Sales (2 lags)

Dep. Variable

% Changes in Sales w.r.t Base Year

Sample All Firms
Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2 3) (4) (5) (6)
OLS .035 .032 .038 .083** 2k Dbl
(.023) (.028) (.03) (.035) (.038) (.037)
2SLS 12 18 .15 15 12 .15
(-2) (.18) (-2) (.19) (.23) (.28)
Weak F-test (27¢ Stage) 36.21 35.16 30.04 49.81 26.36 21.78
(CV 10%) (16.38)  (16.38)  (16.38) (16.38) (16.38) (16.38)
Obs. 185,363 164,500 145,210 127,237 110,017 94,598
# (Control) Lags 2 2 2 2 2 2
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.
Data: Brazil (2002-2019). All observations are at the firm-year-level.

All regressions are estimated using firm sales as analytical weights.

* p<0.10, ** p < 0.05, *** p

< 0.01
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Table 21: Impact of BNDES Support on Sales (4 lags)

% Changes in Sales w.r.t Base Year

Dep. Variable

Sample All Firms
Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2 3) (4) (5) (6)
OLS .014 .021 .014 .052 J12%%* L13%F*
(.027)  (.033)  (.032)  (.039) (.039) (.036)
2SLS -.018 .092 .059 .19 .32 A1
(-3) (.26) (:3) (.26) (-32) (-39)
Weak F-test (2% Stage) 22.95 23.21 18.60 38.06 20.90 14.75
(CV 10%) (16.38) (16.38) (16.38)  (16.38) (16.38) (16.38)
Obs. 141,067 123,226 106,476 91,531 77,683 64,921
# (Control) Lags 4 4 4 4 4 4
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.
Data: Brazil (2002-2019). All observations are at the firm-year-level.

All regressions are estimated using firm sales as analytical weights.
*p<0.10, ¥ p < 0.05, *** p < 0.01

B.4 Mechanisms

Credit Constraints -
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Table 22: BNDES Support and Credit Constraints

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6

(1) (2) ®3) (4) () (6)

Panel A: 2SLS

Sub. Credit (0/1) 098 38 34 31 28 84
(.33) (.27) (.34) (.35) (.42) (.63)
Credit Constrained (0/1) 038%* Q71¥HER QT3FRK 083 ***  QrTRRR 13wk
(.018) (.017) (.021) (.023) (.03) (.04)
Sub. Credit (0/1) x Credit Constrained (0/1) -.29 -.82% -8 -.79 -.56 -1.5*
(.47) (.43) (.51) (-53) (.68) (.88)
Weak F-test (2? Stage) 11 10.52 11.64 9.418 10.80 6.581
(CV 10%) (16.38)  (16.38)  (16.38)  (16.38)  (16.38)  (16.38)
Panel B: OLS
Sub. Credit (0/1) 041 O67F 1R QR R gk
(.027) (.037) (.039) (.049) (.057) (.056)
Credit Constrained (0/1) 027FFF - 036%**  038***  045%FK  Q5gRRk (58 H*
(.0056)  (.0078) (.01) (.012) (.014) (.017)
Sub. Credit (0/1) x Credit Constrained (0/1) .0015 -.025 -.019 .0028 -.065 -.094
(.039)  (.046)  (.053)  (.065)  (.076)  (.073)
Obs. 162,114 142,815 124,961 108,061 92,896 78,863
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p <0.10, ** p < 0.05, *** p < 0.01

Panel A reports the 2SLS estimates, whereas Panel B reports the OLS estimates. The
Kleibergen—Paap weak-instrument F-statistic indicates a weak first stage, rendering the
2SLS estimates uninformative. In contrast, the OLS results align with the baseline find-
ings, with cumulative sales growth increasing over time and becoming statistically signif-
icant at similar magnitudes. The interaction term suggests that the differential effects
for credit-constrained firms, relative to unconstrained firms, are not statistically distin-
guishable from zero. The positive and significant association between credit constraints
and cumulative sales growth should be interpreted cautiously, as it may partly reflect
measurement error in the credit-constraint indicator, a concern well-documented in the
finance literature (H. Almeida et al., 2004; Kaplan and Zingales, 1997).

Zombie firms -
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Table 23: BNDES Support and Changes of the Financial Cost Share

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) 2) 3) (4) (5) (6)
Panel A: 2SLS
Sub. Credit (0/1) -.022 29 24 19 17 27
(.27) (.25) (-3) (.28) (-33) (-39)
Fin. Cost Share -.0017 -.0091%* -.0075 -.0048 -.0012 -.0037
(-0058) (.0055) (.0057) (.0071)  (.0077)  (.0095)
Sub. Credit (0/1) x Fin. Cost Share -.13 -.023 -.063 -.064 -.053 -.025
(.1) (.076) (.081) (.079) (.076) (.1)
Weak F-test (2"? Stage) 12.35 11.20 8.885 16.68 10.62 9.811
(CV 10%) (16.38) (16.38) (16.38) (16.38)  (16.38)  (16.38)
Panel B: OLS
Sub. Credit (0/1) .026 .032 .037 .078%* 4xxx 5Hx*
(.027) (.031) (036)  (.043)  (.044)  (.044)
Fin. Cost Share SO1TFFR _o1xxFR _ 012%kx  _ 01F* -.008 -.012%*
(.0032) (.0036) (.004) (.0043)  (.0049)  (.0058)
Sub. Credit (0/1) x Fin. Cost Share -.004 -.027 -.036* -.024 .0052 .046%*
(.011) (.021) (022)  (017)  (.018)  (.023)
Obs. 135,518 119,518 104,702 90,707 78,145 66,546
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.

All regressions are estimated using firm sales as analytical weights.

* p < 0.10, ** p < 0.05, *** p < 0.01

Capital-Labor Ratio - An increase in the capital-labor ratio in response to the take-up
of BNDES-subsidized credit does not necessarily occur if a firm is merely expanding its
production capacity. Therefore, a positive and significant correlation between changes in

the capital-labor ratio and the take-up of BNDES-subsidized credit can be interpreted as

a first indication of production upgrading.
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Table 24: BNDES Support and the Capital-Labor Ratio

Sample Stayers
Estimated in Levels (capital (in R$) per worker)
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
1 (2) 3) (4) (5) (6)
Panel A: OLS
Sub. Credit (0/1) 611,480%%*  705,384%**  661,500%*  810,979%**  817,486*** 889 G22***

(205211) (252049)  (256838)  (294532) (190150) (168340)

Obs. 185,280 164,416 145,128 127,158 109,939 94,530
# (Control) Lags 3 3 3 3 3 3
Firm FE No No No No No No
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p<0.10, ** p < 0.05, *** p < 0.01

Table 24 reports regression results in which the dependent variable, the capital-labor
ratio, is measured as capital (in R$) per worker. From left to right, the table presents
results for different time spans after treatment take-up, ranging from ¢ 4+ 1 to ¢t + 6.

An important caveat of the results presented in Table 24 is that the estimation is con-
ducted in levels and does not include firm fixed effects, which will be incorporated in future
versions. As a necessary condition for production upgrading, the capital-labor ratio in-
creases significantly after BNDES subsidized credit take-up, with effects that strengthen
over time. If beneficiary firms merely replace old machines without adopting more modern,
capital-intensive production processes, BNDES credit likely does not generate additional
activity beyond the laissez-faire equilibrium, as the externalities associated with produc-
tion upgrading are not internalized. The result speaks to the findings of De Souza (2023),
who show that Brazilian firms, in the context of a large R&D subsidy program, tended to

create local versions of foreign products rather than advance the technological frontier.

Productivity - To obtain total-factor productivity (TFP) measures, production function
parameters are typically estimated at the two-digit industry level to ensure sufficient
statistical power, as is done here. When examining the impact of BNDES-subsidized credit
on TFP, one must be aware of aggregation issues that arise in industry-level regressions.
Since BNDES support is provided at the firm level, industry-level averages or medians
of BNDES support mask important firm-level heterogeneity. This is particularly relevant

because non-automatically approved BNDES support is taken up mainly by large firms.
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Table 25: BNDES Support and Productivity

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2) ®3) (4) () (6)
Panel A: 2SLS
Sub. Credit (0/1) -.002 -.0015 -.0035%* -.0014 .0016 -.0033*
(.0025) (.002) (.0014) (-00098) (.0014) (.0018)
Weak F-test (27¢ Stage) 26.96 27.26 22.57 41.58 26.32 24.14
(CV 10%) (16.38) (16.38) (16.38) (16.38) (16.38) (16.38)
Panel B: OLS
Sub. Credit (0/1) .00033 -.00018  -.00023***  -.000095 .000095 .00018
(.0003)  (.00013) (.000082) (.00011)  (.000069)  (.00012)
Obs. 157,999 139,189 121,791 105,332 90,544 76,868
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p<0.10, ™ p < 0.05, " p < 0.01

Panel A of Table 25 presents the 2SLS results. The Kleibergen—Paap weak-instrument
F-statistic appears reasonably strong; however, these estimates may not be causal, as the
framework underlying the exclusion restriction in Section 3.3 is not directly applicable in

this context. Table 25 paints, if anything, a picture in which BNDES support appears to

reduce the TFP of treated firms.

Labor Productivity - In the following, I analyze the impact of BNDES-subsidized credit

on a simple single-factor, revenue-based labor productivity measure that does not adjust

for changes in product specifications or quality: sales revenue per worker.
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Table 26: BNDES Support and Labor Productivity

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6

(1) (2) ®3) (4) (5) (6)

Panel A: 2SLS
Sub. Credit (0/1) S85*E _gq¥ T ST L R U L T Wil

(.41) (.54) (.56) (4) (65)  (.56)

Weak F-test (27¢ Stage) 25.81 26.73 20.35 39.75 24.25 20.33

(CV 10%) (16.38) (16.38) (16.38)  (16.38) (16.38) (16.38)
Panel B: OLS
Sub. Credit (0/1) - 23%%k -.16* -.12 =11 13%** -.062
(.071) (.092) (.1) (.11) (.062) (.15)
Obs. 147,250 130,132 114,149 98,867 84,992 72,030
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p <0.10, ** p < 0.05, *** p < 0.01

Table 26 presents the results of regressions for the cumulative growth rates. Columns
(1)-(6) analyze labor productivity, measured relative to sales, and test whether the
marginal product of labor increased over time following BNDES support take-up. This is
an important outcome in light of the skill-biased, automation-driven technological change
that generally characterizes the 21% century (Acemoglu and Restrepo, 2022). On the
one hand, the decline in labor productivity following the take-up of BNDES-subsidized
credit is not surprising, given that the measure is based on sales and that sales growth
after BNDES take-up is, at best, modest. On the other hand, this may help explain why
BNDES-subsidized credit is not associated with substantial output growth, as the decline

in labor productivity suggests that production upgrading is unlikely to have occurred.

Employment -
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Table 27: Impact of BNDES Support on Total Employment over Time

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2) 3) (4) () (6)
Sub. Credit (0/1) .053***  E8*** .06** .061* .07* .062

(018)  (.022)  (.025)  (.033)  (.039)  (.045)

Obs. 162,200 142,900 125,044 108,143 92,969 78,931
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p<0.10, ** p < 0.05, *** p < 0.01

Table 28: Impact of BNDES Support on Blue-Collar Employment over Time

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
1 2 (3) (4) (5) (6)
Sub. Credit (0/1) R J12%%* .098*** R .078* .069

(.024)  (.031)  (.038)  (.045)  (.046)  (.052)

Obs. 161,251 142,075 124,335 107,541 92,482 78,540
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p<0.10, ** p < 0.05, *** p < 0.01
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Table 29: Impact of BNDES Support on White-Collar Employment over Time

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2) 3) (4) () (6)
Sub. Credit (0/1) -.018 -.032 -.011 -.0081 .026 .016
(.025) (.027) (.037) (.041) (.048) (.058)
Obs. 116,215 102,406 89,906 78,250 67,811 58,142
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p<0.10, ** p < 0.05, *** p < 0.01

Profits - Table 30 reports coefficients in millions of 2020 R$. To express the results
in 2020 USD, the coefficients can be divided by approximately 5 (the exchange rate on
January 1, 2020 was 5.1587 R$ per USD).

Table 30: Impact of BNDES Support on Profits over Time

Sample Stayers
Estimated in Levels
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) (2) 3) (4) (5) (6)
Panel A: 2SLS
Sub. Credit (0/1) 1,676%**  1,353%** ] 468%F*F  @53FH* 816** -71
(337) (351) (374) (299) (380) (357)
Weak F-test (2? Stage) 67.32 53.45 42.72 112.5 96.61 78.70
(CV 10%) (16.38) (16.38) (16.38) (16.38) (16.38)  (16.38)
Panel B: OLS
Sub. Credit (0/1) 438%** 219%** 332%x* 282 ¥ 268*** 36
(83) (67) (59) (70) (77) (79)
Obs. 185,280 164,416 145,128 127,158 109,939 94,530
# (Control) Lags 3 3 3 3 3 3
Firm FE No No No No No No
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p<0.10, ** p < 0.05, " p < 0.01
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B.5 Heterogeneity

B.5.1 Industries

The impact of BNDES support on firm output is likely to be heterogeneous across indus-

tries. Production functions may differ across industries. Bartelme, Costinot, et al. (2024)

demonstrate that the impact of industrial policy varies across industries, as different in-

dustries exhibit different scale elasticities.

Table 31: Impact of BNDES Support by Industry

Sample Specification Respective Industry (only Stayers)
Dep. Variable % Changes in Sales w.r.t. Base Year (Long-Diff)
Industry Estimator t+1 t+2 t+3 t+4 t+5 t+6
Foodstuffs OLS .043 .074 13 A1 .075 13
2SLS 41 48 .89 -.18 A7 -2
Weak F-stat  1.739 1.769 1.095 9.092 0.426 0.242
Observations 21,742 18,936 16,400 14,026 11,925 10,048
Beverages OLS .019 -.016 .015 .073 -.066 44
2SLS -6.2 -4.8 -1.8 -2 -3.3 -5.2
Weak F-stat  0.439 0.469 0.676 0.834 0.848 1.398
Observations 2,382 2,093 1,829 1,576 1,361 1,156
Textiles OLS .067 -.031 -.036 .034 .061 -.028
2SLS 1.6 6.3 16 -36 -40 29
Weak F-stat  0.0552  0.0920 0.00252 0.00215 0.00229 0.0114
Observations 7,323 6,509 5,732 4,992 4,324 3,700
Clothing and OLS -076%*F  J13F*FF _096** - 16%** -11 S 27K
Accessories
2SLS 2 6 8.4 8.6 16 4.2
Weak F-stat  0.262 0.421 0.216 0.250 0.345 0.148
Observations 12,041 10,323 8,769 7,360 6,154 5,081
Leather and Footwear ~ OLS -.092 -.12 -.082 12 .048 .00088
2SLS -125 -105 -288 -255 -97 -112
Weak F-stat  0.0118  0.0292 0.0105 0.0127 0.164 0.167
Observations 5,606 4,818 4,084 3429 2907 2,446
Wood Products OLS 9FRE S GeRR RqEHR gk Rk ] Q%X
2SLS -1.1 1.4%%% 1 pRkx ] gRRx QFFH 1.8%%*
Weak F-stat  2.248 2.525 3.752 7.485 3.545 7.330
Observations 3,833 3,396 2,984 2,619 2,274 1,965
Pulp, Paper, and Paper OLS O7F* 4% -.097  26%FF  3THRE .16

Products
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Table 31 — continued from previous page

Sample Specification Respective Industry (only Stayers)
Dep. Variable % Changes in Sales w.r.t. Base Year (Long-Diff)
Industry Estimator t+1 t+2 t+3 t+4 t+5 t+6
2SLS -.69 -1 =97 -1.8 -1.2 -1.2
Weak F-stat  3.642 4.104 3.733 2.854 2.679 2.618
Observations 4,629 4,084 3,598 3,139 2,740 2,340
Coke, Refining and OLS .25 L3QHFH .25 .034 -.046 =17
Alcohol
2SLS -3.2 -2.4 -1 -.67 -.8 -7.3
Weak F-stat  5.754 5.600 4.689 2.057 1.167 0.312
Observations 877 753 640 539 451 372
Chemicals OLS -.064 -.03 -.01 -.003 -.04 - 17k
2SLS -.69 1.5 1 1.8 1.4 3.8
Weak F-stat  3.321 4.431 4.920 3.777 3.413 4.162
Observations 9,305 8,224 7,229 6,269 5,389 4,578
Pharmaceuticals OLS I R 3¢ I ¥ S 13 SN ¥/
2SLS .87 .26 .39 1 2 b7
Weak F-stat 1.924 1.888 1.629 1.442 1.276 1.001
Observations 1,800 1,633 1,474 1,321 1,173 1,027
Rubber and Plastics OLS S 13%F J28%F  _022 -.026 13 -.13
2SLS .26 1.1 .69 -4.7 -11 -11
Weak F-stat  3.677 4.558 4.409 4.052 3.509 2.775
Observations 12,491 11,027 9,663 8,366 7,187 6,096
Non-Metallic Mineral OLS -.017 .018 .072 11 .16 25%*
Products
2SLS A7 3 6.2 5.2 5.7 4.7
Weak F-stat 1.790 2.184 0.982 1.518 1.287 1.197
Observations 9,926 8,784 7,736 6,703 5,740 4,851
Metal Products OLS 18 Rioa .28 18 A1 -.034
2SLS .029 23 50 -15 -18 -3.9
Weak F-stat  0.168 0.0412 0.0252 0.0143 0.0625 1.114
Observations 3,528 3,115 2,721 2350 2,013 1,698
Metallurgy OLS -.05 .082 .037 23FHE gqHHk gRHAk
2SLS -.34 .71 -3.2 18 72 72
Weak F-stat  1.850 1.642 0.121 0.0843 0.00346 0.00465
Observations 11,335 10,020 8,751 7,547 6,446 5,429
IT, Electronic and OLS A1 .14 21 .43 .22 17

Optical Equipment
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Table 31 — continued from previous page

Sample Specification Respective Industry (only Stayers)
Dep. Variable % Changes in Sales w.r.t. Base Year (Long-Diff)
Industry Estimator t+1 t+2 t+3 t+4 t+5 t+6
2SLS 1.3 -20 -21 -455 -60 -33

Weak F-stat  0.217 0.218 0.227  0.0004 0.0402 0.0940
Observations 2,482 2,167 1,861 1,565 1,304 1,062

Electronic Equipment OLS .052 .057 -.28 -.36 -.32 .06
2SLS -88 -78 -75 -80 -46 -45
Weak F-stat  0.424 0.406 1.141 1.048 2.083 2.060
Observations 4,147 3,661 3,192 2,750 2,343 1,962

Machinery OLS -.036 -.084 -.15 .044 .049
2SLS 45 18 16 37 21
Weak F-stat  2.929 2.803 2.646 1.889 0.830
Observations 9,299 8,033 6,797 5,607 4,486

Motor Vehicles OLS .065 .053 .094 Migoa J13%* .13*
2SLS DOXEER L aRRR QRkR ROk ] gxkk ] gakx
Weak F-stat 17.30 16.15 13.97 19.08 16.27 18.72
Observations 6,022 5,398 4,803 4,243 3,732 3,235

Other Transport OLS - 48FHK -.26 -.11 I A ¢ Sl N
Equipment
2SLS 2.6 2 -3.3 -2.1 .68 4
Weak F-stat  1.732 0.564 0.687 1.186 1.256 1.296
Observations 907 795 690 589 495 415

Other Manufacturing OLS Q4% -0085  -.034 .022 .089 -.015
2SLS -9.9 -24 -23 -36 -20 -23
Weak F-stat  0.240 0.405 0.412 0.437 0.376 0.739
Observations 3,903 3,363 2,839 2,342 1,912 1,534

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p<0.10, ** p < 0.05, *** p < 0.01

Table 31 reports the results for the main specification in equation 1 by industry, estimated
using OLS and 2SLS, respectively. For the vast majority of industries, the Kleibergen—
Paap weak-instrument F-statistic indicates that the 2SLS estimates are affected by weak
instruments, likely reflecting the combination of a substantially reduced sample size (i.e.,
using only observations from a single industry) and the inclusion of high-dimensional fixed
effects. Nevertheless, there is substantial heterogeneity across industries, and both OLS
and 2SLS coefficients are statistically significant in several cases. In some specifications,

the Kleibergen—Paap weak-instrument F-statistic is also sufficiently large, indicating ad-
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equate instrument strength.

According to the OLS estimates, on the one hand, firms in the wood products, pulp and
paper, pharmaceuticals, metallurgy, and motor vehicles industries are associated with
significant increases in output for the majority of time horizons following BNDES take-
up, often with coefficients exceeding those in the main specification. On the other hand,
the clothing and accessories industry stands out as one in which the take-up of subsidized
BNDES credit is associated with a subsequent decline in sales growth. According to the
2SLS estimates, firms in the wood products and motor vehicles industries are associated
with significant accelerations in cumulative sales growth. However, only for firms in the
motor vehicles industry does the Kleibergen-Paap weak-instrument F-statistic exceed the
conventional threshold in the majority of time horizons. In contrast, no industry appears

to exhibit a subsequent decline in sales growth following BNDES take-up.

B.6 Robustness
B.6.1 Treatment Groups

Refining the treatment group may improve the robustness of the analysis, as any mean-
ingful comparison must account for potential differences beyond treatment status that
could bias the results. In what follows, I examine various factors that could potentially
affect the composition and size of the treatment group.

Certain firms might have benefited simultaneously from additional government programs
or interventions beyond the BNDES subsidized credit. To address this issue, regressions
including industry fixed effects should, in general, be robust to the large majority of other
government programs. Conceptualizing the firm within a production function framework,
this statement can be justified as follows. Capital subsidies in Brazil are primarily firm-
specific but are administered through BNDES, which is controlled for in the following
results. Labor subsidies, such as those studied in Lobel (2024), which were the quan-
titatively most important labor subsidies during the observation period, had eligibility
defined at the product and industry level. Industry fixed effects should also account for
this, at least approximately. Intermediate input subsidies—most frequently implemented
as exemptions from the IPI tax (tax on industrialized products)—occurred primarily at
the product level during the observation period as well. The only type of policy that is
highly firm-specific consists of R&D subsidies, most notably studied in De Souza (2023),
for which I unfortunately lack data access. Concerning the intensive margin of additional
government programs, I follow the assumption of Lage de Sousa and Ottaviano (2018)
that BNDES support constitutes the primary policy instrument influencing firms’ pro-
ductive investment and, consequently, output. This assumption is justified by the fact
that, as noted by Lage de Sousa and Ottaviano (2018), the BNDES is the largest financial

institution providing loans for long-term investment projects in Brazil.
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There may be a delay before the effects of BNDES loans become observable, as outcomes
often do not materialize immediately after funds are disbursed—or even before project
implementation is complete. Since some investment projects span at least five years, it is
necessary to consider a period beyond this horizon to evaluate their impacts both during
and after implementation. Given that the BNDES loan records span the period from
2002 to 2023, this extended timeframe allows for a comprehensive long-term evaluation
of all granted loans. I continue to focus on the sample of surviving firms, among which
517 received BNDES support at least once. I do not further refine the treated groups
by distinguishing firms based on the number of times they received BNDES support, as
Lage de Sousa and Ottaviano (2018) do, since this paper focuses on the extensive margin

and leaves the intensive margin for future research.

B.6.2 Control Groups

As previously discussed, the goal is to assess what would have happened to the treated
firms had they not received BNDES support. This raises the key question: how can
one construct a credible counterfactual for these groups of treated firms? In the absence
of a natural experiment or randomized control trial, identifying such a counterfactual is
inherently challenging and requires careful methodological considerations. Following Lage
de Sousa and Ottaviano (2018), I explore several alternative strategies to construct control
groups that most closely resemble the treated groups in terms of their pre-treatment
characteristics. Clearly, for the specific purpose of this investigation using propensity
score matching, depreciation shocks and credit constraints should be excluded from the set
of pre-treatment characteristics used to define control groups. This exclusion is justified
by the fact that eligibility for BNDES funding does not require firms to demonstrate the
existence of prior depreciation shocks or credit constraints. This approach allows for an ex
post comparison of treated and non-treated firms that were ex ante similar across several

key dimensions—except for their experienced depreciation shocks.

B.6.3 "Naive" Control Group

The first, so-called “naive” control group (Group A), includes all Brazilian manufacturing
firms with more than 29 employees that did not receive any BNDES support throughout
the observation period. The instrumental variable strategy addresses the non-random
selection of firms into BNDES support. Nonetheless, systematic differences due to resid-
ual heterogeneity may persist within the “naive” groups of treated and untreated firms,
highlighting the need for alternative group definitions to test the robustness of the results.
For a general overview, Table 32 summarizes key pre-treatment characteristics of treated

and untreated firms prior to receiving BNDES support.
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Table 32: Average of Treated and Untreated Firms Before Matching

Groups Non-Treated Firms  Treated Firms

Variables All Stayers
depr _shock gyt 0.0068 -0,0039
(Mean Deviations)
Labor Productivity 98,816 197,415
(Sales per Worker in R$)
Labor Productivity Growth -146.8 5.51
Number of Employees 172 1979
Labor not in Prod. 38 600
Investment/Capital 0.055 0.043
Cash Flow/Capital -33.1 -0.5
Exporter Status 0,28 0,74
OECD Classification
Medium-High Tech 0.25 0.37
Medium-Low Tech 0.63 0.61
Number of Firm Observations 312,483 5486

Treated firms appear to experience stronger depreciation shocks, as negative mean devia-
tions indicate shocks that could not be repaired and instead required investment to renew
depreciated capital. This finding aligns with the instrumental variable strategy, which as-
sumes that firms experiencing greater past depreciation shocks are more likely to take up
BNDES investment—provided they can absorb the associated fixed cost. Likewise, consis-
tent with the IV strategy, treated firms tend to employ a larger number of non-production
(administrative) workers, which better equips them to manage the bureaucratic fixed costs
associated with accessing BNDES support.

Next, treated firms seem to face more binding credit constraints than their non-treated
counterparts. This is evidenced by a lower cash flow-to-capital ratio among treated firms.
Interestingly, treated firms also exhibit a lower investment-to-capital ratio than non-
treated firms. On the one hand, this pattern is consistent with tighter credit constraints
among treated firms—i.e., they have less cash available to finance their investments. On
the other hand, the low investment-to-capital ratio could also reflect a form of Ashen-
felter dip, whereby firms invest little prior to selecting into treatment, after which they
undertake substantial investment. Furthermore, it could also reflect sectoral differences.
In particular, treated firms tend to operate more frequently in higher-risk industries, as
categorized by the OECD technological classification.

Turning to productivity and size indicators, treated firms are, on average, larger and
exhibit higher productivity than non-treated firms. This pattern holds for labor produc-
tivity (measured as sales per worker) and for its growth rate, which is also higher among

treated firms.
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B.6.4 Balancing Treated and Non-Treated Groups

As discussed earlier, differences between treated and non-treated groups reflect the pres-
ence of selection bias. To verify the robustness of the baseline results to selection bias
arising from observables, this section minimizes the differences between treated and non-
treated groups in terms of the observable characteristics presented in Table 32. Following
Lage de Sousa and Ottaviano (2018), I employ a propensity score matching (PSM) proce-
dure that combines caliper matching with one-to-one matching. Under one-to-one match-
ing, each treated firm is paired with the control firm whose propensity score is closest
in value (Caliendo and Kopeinig, 2005). When using pure caliper matching, a tolerance
level is imposed on the maximum allowable propensity score distance, thereby avoiding
poor matches that may arise under nearest-neighbor matching when the closest neighbors
are still far apart (Caliendo and Kopeinig, 2005). Combining both approaches mitigates
the weaknesses of each: pure one-to-one matching may produce poor matches, while pure
caliper matching reduces the number of matches and thus increases the variance of es-
timates. Following Lage de Sousa and Ottaviano (2018), I implement matching without

replacement but set a stricter caliper of 0.001.

The choice of variables on which the matching strategy is based must take several con-
siderations into account. First, the most appropriate comparison to avoid selection bias
in this context, is between treated and non-treated firms that are both eligible for non-
automatically approved BNDES-subsidized credit. Second, other observable characteris-
tics may influence firms’ cumulative sales growth. Indeed, omitting relevant variables can
be a significant source of bias (Heckman et al., 1997). Third, selection bias arising from
unobservables can also be problematic. Lage de Sousa and Ottaviano (2018) mitigate
this issue in line with common practice in the PSM literature, by increasing the number
of covariates included in the propensity score estimation (Caliendo and Kopeinig, 2005).
To enhance the comparability between the treatment and control groups, both selection
based on eligibility (point 1) and selection based on observables (point 2) are important
considerations for choosing variables in the matching procedure. Selection based on unob-
servables (point 3), however, is addressed by the instrumental variable strategy developed
in this paper and therefore does not need to be considered when choosing covariates for

the propensity score estimation.

Regarding eligibility, the included covariates unsurprisingly relate to how banks address
their basic principal-agent problem with a borrower, namely, assessing the borrower’s
ability to repay the loan. One key indicator of a firm’s ability to repay is the availability
of collateral. Since firms typically collateralize tangible assets, I proxy collateral avail-

ability using the firm’s capital stock. A second set of indicators reflects the availability of
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cash flow, which I measure using: net profits; the ratio of financial costs minus financial
revenue to total revenue (a measure of “solvency”); and proxies for firm size. To proxy for
firm size, I use: the number of employees and intermediate input expenditures. 1 devi-
ate from Lage de Sousa and Ottaviano (2018) by including net profits instead of profits
over total sales, since sales revenue is not included as it serves as my outcome variable.
However, I also include labor productivity (one of the outcomes in Lage de Sousa and
Ottaviano (2018)) as additional proxy for a firm’s ability to generate cash flow. According
to Lage de Sousa and Ottaviano (2018), other indicators considered by BNDES include:
firms’ market share, multinational status, and geographic location, specifically whether
firms are situated in Brazil’s most developed (“rich”) regions. These correspond to the
South and Southeast, which together account for nearly 85% of Brazilian manufacturing
production (Lage de Sousa and Ottaviano, 2018). Multinational status is not observed.
Nevertheless, to capture firms’ integration into the global economy, I include an export
indicator variable. Whether a firm is located in the South or Southeast is represented
by an indicator variable. Finally, a two-digit sectoral dummy is included to capture the
sectoral structure of BNDES operations. In addition, I include an indicator variable for
whether a three-digit sector is classified as high-tech. To account for pre-treatment time
trends, the growth rates of labor productivity (revenue in Lage de Sousa and Ottaviano

(2018)), profits (calculated as in Davis et al. (1996)), and employment are also included.
To identify which of these indicators are most strongly associated with BNDES-subsidized

credit take-up, I estimate a probit model and, for robustness, also report the results of a

logit model. Table 33 presents the results of these estimations.
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Table 33: Propensity Score Estimation

Estimator Probit Logit
Dep. Variable BNDES Dummy
Total Assets 1.8e-11%*** 3.5e-11
(5.4e-12)  (2.6e-11)
Net Profits -3.7e-10%**  -7.4e-10*
(3.9e-11)  (4.1e-10)
(DHS) Profit Growth .0055 .016
(.0052) (.014)
Solvency -.000038 -.000024
(.00016) (.00028)
Number of Employees (Levels) .0002%** .00054***
(.000019)  (.000045)
Number of Employees (Growth) - 11 - 1Rk
(.023) (.052)
Intermediate Inputs 3.8e-10***  6.6e-10***
(3.5e-11)  (7.0e-11)
Exporter Status LG3FH* 1.5%%*
(.016) (.041)
Market Share .022%* .022
(.011) (.026)
Labor Productivity (Levels) 1.6e-08 3.1e-08
(1.1e-08)  (2.3¢-08)
Labor Productivity (Growth) -2.3e-07 -4.4e-07
(1.7e-07) (2.8e-07)
Rich Region .012 .047
(.021) (.05)
Observations 244,401 244,401
Sector Dummies (2-digit) YES YES
OECD High-Tech Dummies (3-digit) YES YES
Pseudo-R-squared 0.238 0.231
Hosmer and Lemeshow Statistic (p-value) 0 0
Concordance rate (cutoff=0.5) 97.95 97.96

Column (1) reports the results of the probit estimation, while Column (2) presents the
results of the logit estimation. Qualitatively, both regressions yield analogous results. The
percentage of concordance and the Hosmer—Lemeshow statistic suggest that the model
provides a reasonable fit. Several estimated coefficients are significantly different from
zero and display the expected sign. Accordingly, firms with more employees, higher in-
termediate input expenditures, export status, a larger market share (i.e., larger firms),
and a location in the South or Southeast are more likely to receive non-automatically
approved subsidized credit. The negative and statistically significant association with the
growth rate of employment suggests an Ashenfelter-type dip: it is reasonable that firms
do not expand their workforce before obtaining subsidized credit to finance investment,
but rather increase hiring once the investment is underway or completed. The statistically
significant negative associations with net profits also appear reasonable. Firms with lower

net profits may face tighter financial constraints, making subsidized credit particularly at-
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tractive.

Next, treated and non-treated firms can be paired based on their similar ex-ante prob-
ability of receiving non-automatically approved BNDES subsidized credit, as estimated
through PSM. Table 34 reports the number of firms matched. At least 85% of treated

firms are successfully matched to non-treated firms with similar characteristics.

Table 34: Number of Matched Firms

Firm Type Number of Firms
Treated Matched 444
Treated Not Matched 73
Treated 517
Percentage Matched 85.9%

After matching the treated group with its corresponding control group, the next step is
to analyze the similarity of the two groups in terms of observable characteristics.®® To as-
sess whether differences in observable characteristics between the groups are statistically
significant, I calculate the mean for each group and perform T-tests, reporting the corre-
sponding p-values. Table 35 reports the group means in levels for the treated group. The
treated group displayed here, whose firms may receive treatment multiple times during
the observation period, constitutes the refined treated group with the largest number of
observations and is therefore likely the most relevant for estimating the average overall
effect. The treated group is compared with its corresponding matched control group, and
the table also reports T-values and p-values testing whether the differences are statistically

significant.

881 now proceed with PSM matching based on the probit model, as the results from the logit model in
Table 33 are similar in both statistical significance and coefficient signs.
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Table 35: Comparing Firms after Matching (Treated Group 1)

Groups Non-Treated (Stayers) Treated (Stayers) Testing Matched Firms
Not-Matched =~ Matched Matched Not-Matched T-Value P-Value

Sales (in Mio. R$) 52 331 1,442 1,313 -10.26 0
Total Assets (in Mio. R$) 59 404 2,708 2,160 -6.48 0
Number of Employees 152 587 1603 2483 -25 0
Solvency (in %) 23 6 8 11 -2.35 0.02
Net Profits (in Mio. R$) 2.5 22 100 20 -3.35 0.0008
(DHS) Profit Growth (in %) -0.004 0.017 0.03 0.05 -0.86 0.39
Employment Growth (in %) 1.9 2.9 4.8 3.1 -2.94 0.003
Sales Growth (in %) 3.7 3.9 5.7 6.1 -3.19 0.001
Exporter Status (in %) 26 71 4 68 -4.18 0
Labor Productivity Growth (in %) -159 163 16 58 0.97 0.33
Cash Flow/K -34.46 -0.06 0.61 -0.27 -0.88 0.38
Invest/K 0.06 0.05 0.05 0.04 0.04 0.97
Labor not in Prod. 32 178 485 627 -20.7 0
Labor Productivity 0.09 0.2 0.2 0.2 0.65 0.52
(in Mio. R$ per Worker)
High & Medium-High Tech (in %) 24 42 41 29 1.38 0.17
Low & Medium-Low Tech 64 58 59 51 -1 0.32
Gross Margin (in %) 320 20 5 5 1.21 0.23
Capital Productivity 1139 3 2.6 14 0.48 0.63
(in R$ per R$ of Total Assets)
Number of firms 18,933 546 444 73

All in all, treated and non-treated firms exhibit a higher level in similarity in Table 35 than
they did in Table 32. Importantly, at the 5% significance level, the trends in group means
of profits and labor productivity do not exhibit any statistically significant differences.
Group means in levels exhibit some statistically significant differences, although certain
indirect measures of firm size, such as labor and capital productivity, no longer show any
significant differences. Most notably, this pattern holds not only for eligibility-related
variables selected through the probit model, but also for additional variables (gross mar-
gin) excluded from the model due to their irrelevance for eligibility. Since my goal is to
measure the impact of non-automatically approved BNDES loans on the cumulative sales
growth of treated firms, it is crucial that matched firms display similar trends. This also
applies to the ratio of cash flow to capital. In this regard, although treated firms still in-
vest more and appear larger than non-treated firms, their capacity to finance investments

has become more similar after PSM.

B.6.5 Baseline Analysis using a Matched Sample

Finally, the baseline analysis can be conducted on the matched sample to assess the
robustness of the main results. Rather than replicating the specification used by Lage de
Sousa and Ottaviano (2018) with a different outcome (my outcome being cumulative sales
growth, unlike productivity for them), I re-estimate the 2SLS specification from section
3 for several reasons. Unlike Lage de Sousa and Ottaviano (2018), I do not observe
disaggregated data on domestic and imported capital, and therefore cannot include these
as control variables. However, this limitation does not compromise the identification
strategy, as the instrumental variable approach addresses potential confounding related

to variation in capital composition. Importantly, my instrumental variable approach does
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not require the parallel-trend assumption inherent to common difference-in-differences
methods, such as that used by Lage de Sousa and Ottaviano (2018), an assumption likely
stronger than those underlying the identification strategy employed here. Estimating
equation (1) with different time lags in the outcome variable allows me to assess not only
whether BNDES support affects firm performance, but also when this impact materializes.
Table 36 reports the estimation results for the matched sample. The control group is
Group D (the PSM-matched firms, ‘Paired’) for Table 36.

Table 36: Impact of BNDES Support on Sales over Time in a Matched Sample

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) () 3) (4) (©) (6)
Panel A: 2SLS
Sub. Credit (0/1) ITE L IVE S WL B Wt 1.3% 2.5%%

(63)  (:59) (.5) (61) (71 (L)

Weak F-test (27¢ Stage)  3.350  13.20  14.30 1450 1541  8.881

(CV 10%) (16.38)  (16.38) (16.38) (16.38) (16.38)  (16.38)
Panel B: OLS
Sub. Credit (0/1) .003 .049 .00043 -.01 .012 -.26%*
(.06) (.074) (.087) (.096) (:13) (.15)
Obs. 2,576 2,327 2,008 1,880 1,667 1,466
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p<0.10, ** p < 0.05, *** p < 0.01

All reported regression results are estimated in long differences with industry and mesore-
gion fixed effects that capture their respective linear trends, consistent with the preferred
specification in the baseline results. Panel A presents the 2SLS estimates, while Panel
B reports the OLS estimates. Regarding the parameter of interest, the evidence re-
mains partly inconclusive. When restricting the sample to matched firms, the instrument
comes close to failing to predict BNDES-subsidized credit take-up with sufficient sta-
tistical confidence, as indicated by the Kleibergen—Paap weak-IV F-statistic, which falls
slightly below the conventional threshold. The 2SLS results suggest a positive associa-
tion between BNDES-subsidized credit and cumulative sales growth that is statistically
significant and larger than the OLS coefficients—an outcome that is difficult to interpret,
likely due to instrument weakness arising from the smaller sample size combined with the
high-dimensional fixed effects. The OLS results indicate that the effect of BNDES support
is, at best, slightly above zero—similar to earlier findings—but declines over longer time

horizons.

Overall, refining the treatment and control groups via propensity score matching results in
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a sample in which the instrument becomes close to weak, likely due to the smaller sample
size and the high-dimensional fixed effects in the structural equation. The OLS coefficients
in this exercise suggest as well that BNDES-subsidized loans do not substantially enhance
the relative performance of treated firms in the years following treatment. Since the more
refined comparison between treated Group 1 and control Group D (paired) shows no
strong differential effect of the treatment—mneither in OLS nor in 2SLS with a comfortably
strong instrument—I conclude that there is no strong evidence in my sample that BNDES

support has a transformative impact on firms’ cumulative sales growth.

B.6.6 Omitted Variables

Table 37: First Stage Analysis

Dep. Variable Sub. Credit (0/1)
Sample Stayers
Estimated in Long-Differences
274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6
(1) () (3) (4) (5) (6)
depr _shockyirs—2 S25%HK gk poeiek gk gk gk
(.038) (.042) (.045) (.043) (.05) (.061)
R-squared (1% Stage) .0019 .0025 .0024 .0029 .0028 .003
Weak F-test (2"¢ Stage) 43.71 46.41 41.13 63.98 35.39 25.62
(CV 10%) (16.38) (16.38) (16.38) (16.38)  (16.38)  (16.38)
Obs. 162,114 142,815 124,961 108,061 92,896 78,863
# (Control) Lags 3 3 3 3 3 3
Industry x Year FE Yes Yes Yes Yes Yes Yes
Mesoregion x Year FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p<0.10, ** p < 0.05, *** p < 0.01

Table 38: Impact of BNDES Support on Sales

Sample Stayers
Estimated in Long-Differences
Outcome Timing t+1 t+2 t+3 t+4 t+5 t+6

(1) (2) ®3) (4) (5) (6)

Panel A: 2SLS
Sub. Credit (0/1) .038 17 .14 .085 13 21
(.27) (.22) (.26) (.25) (.3) (.37)

Weak F-test (2¢ Stage) 43.71 46.41 41.13 63.98 35.39 25.62

(CV 10%) (16.38) (16.38) (16.38) (16.38)  (16.38)  (16.38)
Panel B: OLS
Sub. Credit (0/1) S ST RN B Rt N Dt N P/ S 1 S

(021)  (.028)  (.031)  (.037)  (.043)  (.041)

Obs. 162,114 142,815 124,961 108,061 92,896 78,863
Firm FE Yes Yes Yes Yes Yes Yes
Ind x Year FE Yes Yes Yes Yes Yes Yes
Mesoreg x Year FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p<0.10, ** p < 0.05, *** p < 0.01
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B.6.7 Outliers
Without Largest 0.01% Firms -

Table 39: Impact of BNDES Support on Sales

Sample Stayers
Estimated in Long-Differences
274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6

(1) (2) 3) (4) (5) (6)

Panel A: Second Stage
Sub. Credit (0/1) .091 .33 21 .097 .094 -.0077
(.39) (.34) (.44) (A1) (.59) (.68)

Weak F-test (274 Stage)  20.58 21.46 16.51 30.51 11.26  10.13
(CV 10%) (16.38)  (16.38)  (16.38)  (16.38)  (16.38)  (16.38)

Panel B: First Stage
depr _shockyiri_2 S 18FFE kR - 2HHH S2p¥HE gk gk
(.04) (.045) (.048) (.045) (.058) (.07)

R-squared (1% Stage) .0014 .0022 .0017 .0024 .0022 .0026
Obs. 162,177 142,880 125,026 108,127 92,956 78,922
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.

* p<0.10, ** p < 0.05, *** p < 0.01

Without Largest 0.1% Firms -
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Table 40: Impact of BNDES Support on Sales

Sample Stayers
Estimated in Long-Differences
274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6

(1) (2) 3) (4) (©) (6)

Panel A: Second Stage
Sub. Credit (0/1) 21 081 -.36 54 72 1.1
(.58) (.53) (.66) (.66) (.77) (1.1)

Weak F-test (27 Stage)  38.35 33.33 27.16 28.39  20.87  16.92
(CV 10%) (16.38)  (16.38)  (16.38)  (16.38)  (16.38)  (16.38)

Panel B: First Stage
depr _shockyiri—o O S Sl NN B St N 2 St TN s Sl AN P/ Sl N P St
(02)  (.022)  (025)  (.028)  (.031)  (.033)

R-squared (15t Stage) .00099 .0011 .00089 .0011 .0012 .0013
Obs. 161,979 142,704 124,875 108,001 92,850 78,835
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p<0.10, ** p < 0.05, *** p < 0.01

Without Largest 0.5% Firms -
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Table 41: Impact of BNDES Support on Sales

Sample Stayers
Estimated in Long-Differences
274 Stage Timing t+1 t+2 t+3 t+4 t+5 t+6

1) (2) 3) (4) (5) (6)

Panel A: Second Stage

Sub. Credit (0/1) 23 -.23 -.49 -.94 -1.3 -1.3
(.79) (.94) (1.1) (1.1) (1.4) (1.6)

Weak F-test (2% Stage)  29.84 31.14 28.46 27.32 17.24 17.19

(CV 10%) (16.38)  (16.38)  (16.38)  (16.38)  (16.38)  (16.38)

Panel B: First Stage
depr _shock firs—2 SQTIRRR L QT4RR L QTTRRR 081K QT2¥¥* L QTTH*F
(.013) (.013) (.014) (.015) (.017) (.019)

R-squared (15t Stage) .00047 .00055 .00038 .00047 .00039 .00047
Obs. 161,116 141,935 124,191 107,401 92,337 78,400
# (Control) Lags 3 3 3 3 3 3
Firm FE Yes Yes Yes Yes Yes Yes
Industry Trends FE Yes Yes Yes Yes Yes Yes
Mesoregion Trends FE Yes Yes Yes Yes Yes Yes

Standard errors in parentheses.

Data: Brazil (2002-2019). All observations are at the firm-year-level.
All regressions are estimated using firm sales as analytical weights.
*p <0.10, ** p < 0.05, *** p < 0.01

B.7 Decomposition of EES Level

The following section undertakes a few auxiliary algebraic transformations of the Alog(L;;)
term. To start, notice that log changes can be approximated with %-changes when changes

are not too large. In the case of changes in industry-employment, this seems reasonable:

Lit - Litfl

Alog(th) = L't 1

(62)

Using the distributive law, I first separate the nominator and then extend the first term

Wlth —Li,,«t & +Lirt:

Liy — Ly + Ly, L
S g

Parts of the first term on the RHS can be summed up as L; — L;+ = L;_., that is

employment in industry ¢ net of region r. Moreover, the second term can be summed up

Lt .
as: Tj =1:
Li—r Lir
Alog(Ly) = ==ttt g, (64)
Litfl
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Still focusing on the first term on the RHS, one can extend it with the lagged terms
—Li—yi—1 & +Li_py_q:

Li vt — Li—pp—1 + Li—pp—1 + Lipy

Alog(Ly) = -1 (65)
Lt
Continuing with rewriting the first term, I split up the sum and I multiply parts of it by
Lifrtf .
Lifrtfi '
Liovtv  Licgt — Licpe—1 | Licpe—1+ Ligg
Alog(Ly) = X + -1 66
A Lios Lis (66)
This expression can be rearranged as:
Liovi1v  Licgt — Licpe—1 | Licpe—1 + L
Alog(L;) = X + -1, 67
9(La) Lit— Liyi Lit 4 (67)
and expressed as:
Li—'r — Li—r — Lir
Alog(Ly) = 20« Alog(Li_pe) + Szt bty (68)
L4 Lit1

Having obtained the log-changes expression of L;_,;, that is employment in industry i net
of region r, I turn to the second term. Following the same algebraic strategy as for the
first term, I augment it by —L;; & +Lj:

Li—r - Lir - Lir — Lir - Li—r -
Alog(Ly) = L Alog(Li_yg) + =22 1 R i (69)
Lit 1 Lit 1
I split up the term in question and multiply parts of it by %
Li—viq Lirt—1  Lipg — Lipg—1 Lipg—1 + Li—ys—1
Alog(L;) = X Alog(L;_+) + X + —1, (70
o) =77 R O Lt 70)
such that I can rearrange the product as LLi_’“t‘l X L"’"{Lm‘l and write it as:
it—1 irt—1
Li—r — Lir — Lir - Li—r —
Alog(Li) = Z="1 5 Alog(Li i) + =21 x Alog(Lyg) + —r=LE2orl (71
Lit 4 Lit 4 Lis 4

The third term can be simplified too. Noticing that the sum of employment of industry

i in region r at time ¢t — 1 (L;4_1) and employment of industry i net of region r at time

t —1 (Li_r4—1) equals simply the employment of industry ¢ at time ¢t — 1 (L;_1), one can

write:

Li—r - Lir - Lz —
L Alog(Lioye) + 2221 % Alog(Lin) + Lt !

it—1 Lit—l it—1

Alog(Li) = -1, (72)
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and:

L i L
Alog(Lix) = === x Alog(Li—r) + = x Alog(Lir). (73)

it—1 it—1

Finally, one can replace Alog(L;;) in (25) with the expression in (73) to obtain (26):

L L
Aeitza( SrL s Alog(Li ) + 20 xAlog(Lm) + BAg(S SieLire).

it—1 Lit—l
reR
C Theory and Quantification

C.1 Housing Market

In the following, I derive the conditions characterizing the housing market in a given re-

gion r, keeping the subscript r for consistency with the rest of the paper.

Housing per Worker - First, note that the first-order conditions of the household’s util-
ity maximization problem with Cobb—Douglas preferences imply that a constant share—here
1 — 9—is spent on housing (b7 (L) = (1 — ¥)w,(L,)). This expression can be solved for

housing per worker as:

(1 - ’(9)’LUT(LT)

Pl = S0 (74
Second, as there are L, identical workers in the city, total housing consumption is
H(L,) = L, h(L,). (75)

Third, multiplying the individual housing demand condition (74) by L, yields aggregate
housing expenditure:

Fourth, housing is produced competitively by atomistic landowners using land and labor.
The Cobb-Douglas form of the housing production function implies that labor’s revenue

share is (1 — b). Hence, total labor payments in housing satisfy
w(Ly) L (L;) = (1= b) B H(Ly), (77)
Fifth, substituting aggregate housing expenditure in (77) with (76) gives:
w(Ly) L (Ly) = (1= b)(L = n) w(Ly) L. (78)
Sixth, cancelling out the wages allows to write:

L(L;) = (1 =0)(1=n) L. (79)
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Seventh, each city has a fixed land endowment normalized to one, with atomistic landown-
ers each owning a land share 7. Aggregating housing production in equation (29) across

landowners yields total housing production:

ey = (HE) (50

Eighth, one can substitute L7 (L,) with the expression in (79):

(L) = (UEES0E) @ (51)

Ninth, one can finally divide total housing by the regional population L, to obtain housing

per worker:
H(I,) (1=pL0)™"

h(L,) = /A 7 =(1—-nttL™? (82)

Wage Compensation for Congestion Costs - First, recall the worker’s problem where

workers in a given region choose consumption C' and housing H to maximize utility:
o (¢ Vo Y
W) \1-9 ’

st. P% 4 Poh =w,.(L,)

(83)

Second, taking the respective first-order conditions with respect to ¢ and h, dividing one
by the other, and substituting in the budget constraint yields the well-known result under
Cobb-Douglas preferences that optimal demands for the respective goods are constant

shares of income, in this case:

wy (L)
pC

w(L,)

c=19 -

hr(Lr) = (1 - 19)

(84)

Third, one can substitute back the optimal demands obtained in (84) into the utility
function which yields the indirect utility:

Fourth, solving the optimal demand for housing in (84) for P# and replacing H,(L,) with
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its equilibrium value in (30) gives:
= w,(L,)(1 = 9)"L;. (86)

Fifth, indirect utility needs to be equalized across regions since workers are freely mobile:

wy (L)

U= potpyis (87)
Sixth, one can solve (87) for w,(L,):
w,(L,) = U PY[PH]'77, (88)
Seventh, one can plug in the expression for PZ obtained in (86)
B 1-9
w,(L,) = U PY <wT(LT)(1 — ﬁ)bLb> : (89)

Eighth, one can rearrange the expression in (89) via dissolving the expression in the
bracket
w,(Ly) = U PPw, (L) 77 (1 — 9)?3=9 [20-9), (90)

Ninth, one can divide both sides of (90) by w,(L,)*?,
w, (L) = U P?(1 — )b0=9) [p0=9), (91)

Tenth, take equation (91) to the power of 1/,

b(1—9) _ b(1—¥)
9 5l

wy (L) = UV P(1 — ) (92)

Eleventh, as in Gaubert (2018), define w = U'/? P and plug it into equation (92) to obtain

the equilibrium wage schedule that compensates workers’ for the congestion costs:

b(1—9)

Landowner Profits - First, recall the housing production function under which landown-
ers combine land 7 and local labor ¢ to produce housing hg (29). Accordingly, one can
write the landowners’ profit-maximization problem, taking the local housing price PX

r

and wage w(L,) as given.
max (7, L) = PT hg(0) —w(L,) ¢ = PF AP0 —w(L,) L. (93)

>0

Second, the first-order condition with respect to ¢ characterizes the wage rate up to which
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landowners are willing to hire an additional unit of labor:

om(v; Lr)
ol
—  w(L,) = (1-0b)PTAbr? (95)

= P01 —b)" —w(L,) =0 (94)

Third, solving for ¢ yields the landowner’s labor demand:

_ HN\ /b
i) = (Vo) o (%)

Importantly, labor hired is proportional to owned land 7. Multiplying equation (95)
by ¢ and substituting the housing production function (29) in implies that labor costs

constitute a constant share of revenue, equal to (1 — b):
w(Ly) = (1= b) P40 = (1= 0) P hs(y,0). (97)

Fifth, for notational convenience, define housing revenue for a landowner as Ry (L,) =
PH hg(¢). Then the identity is

Sixth, using equation (98) and the definition of housing revenue for a landowner, it follows

that landowner profits are a constant share of revenue:

m(v, L) = Ry (L) — w(Ly) ¢ (99)
= Ry (Ly) = (1 =b) Ru(Ly) = b Ry (L) (100)
=bP" hg(0). (101)

Seventh, due to workers’ Cobb—Douglas preferences with housing expenditure share (1—1)
in equation (83), each worker spends a fraction (1 — ) of wage income on housing,
ie. PAR(L,) = (1 —9)w(L,). Consequently, aggregate housing expenditure—and thus

housing revenue—is given by:
PR H(L,) =1 —9)w(L,) L, (102)

Eighth, since land is normalized to one in a given region ([~ dG(y) = 1), aggregate

landowner profits are obtained by integrating individual landowner profits in equation (101)

130



and substituting aggregate housing revenue from equation (102):

(L) = / 7(7, L) dG(7)

= b/Pf’ hs(v,€) dG(7) (103)
=boP" H(L,)
=b(1—9)w(L,)L,.

Labor in Housing Sector - First, recall the individual landowner’s labor demand in
equation (96), derived from the landowner’s profit-maximization problem (93) via the
first-order condition with respect to housing-sector labor (95). Given that total land in
a region is normalized to one, [vydG(y) = 1, one can integrate equation (96) across

landowners to obtain total labor demand in the housing sector in a given region:

N 1/b
M) . (104)

bulLe) = ( w(L)

Second, combining equation (98) with the definition of a landowner’s housing revenue,
Ry(L,) = PH hg(f), and aggregating over landowners’ housing supply, H(L,) = >_ hs({),

aggregate labor payments in the housing sector are given by
w(L,) by (L,) = (1 —b) PP H(L,). (105)

Third, substituting aggregate housing revenue from equation (102) into equation (105)
and subsequently dividing both sides by w,(L,) shows that labor employed in the housing

sector is a constant share of the overall regional labor force:

w(Lr) £H<Lr) = - b) (1 - 77) w(Lr) L,

a (106)
— (L) =(1-b)(1—1n)L.

C.2 Sectors

Optimal Demands - The firm’s optimal demand @) ;, is obtained by solving the following

revenue maximization problem of a given firm f, where (); in the value function is replaced
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¢—1

<
-1
by {Zf Q iy } and the associated first-order condition is solved for @ ;,:

PQ;
g 19
F;

f

e
Qi = [ZQﬁi]

At the sector level, optimal demand (Q; is obtained by solving the profit maximization

problem of the competitive firm producing the final good for a given industry ¢, where

n—1

n—1 n-1
C in the value function is replaced by fol Q." di) , and the associated first-order

(]

condition for industry 7 is solved for Q);:
max P°C
Q.

(108)

1 n—1 a—1
o ([ a7
0
C.3 Firms

Firms Inverse Demand Constraints - The inverse demand constraint faced by firms
in the profit-maximization problem (39) can be derived in two steps. First, the opti-
mal sector- and firm-level demand functions in (37) and (36) are solved for P; and Py;,

respectively:

(109)

Second, substitute the expression for P; obtained in Step 1 into the inverse firm-level
Drir
PC -

demand function Py, and solve for Together, these steps yield equation (40).

Market Share Accounting Identity - The convenient accounting identity for market

share as a function of quantities given in equation (41) can be derived in four steps. First,
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recall the constraint (40) in the firm’s profit maximization problem:

Pfir_ sz'r _% % _%
PC_(Qi) (C) | (110)

Second, multiply the constraint (40) by P and then by Q;:

1

1 1/0.\
PrinQrir = PCinCr Qic (%) : (111)

Third, sum the relationship in (111) over the firms F; within an industry i such that:

d N A=
> PrQpir = POQF (61) > Q- (112)
f f
Fourth, divide (111) by (112) to obtain (41):

=1
_ Pfierir o szgr
= 7 — ¢—1°
P i . F ~"7
Zf fi szr Zf fofr

my (113)

Another convenient accounting identity is the market share as a function of prices. First,

recall the inverse demand constraint faced by firms (109) and solve it for Qs
Qpir = QiP{ Py (114)
Second, multiply (114) by Pj;, to derive nominal expenditure on firm f’s variety:

Third, sum over all firms within an industry ¢ in (115) to obtain total industry expenditure:

> PrQpie = > QPSP = QP> P (116)
f f f
Fourth, recall the market share definition:
P ir ir
R (117)
Zfl Pfierir

into which one substitutes (115) for expenditure on firm f’s variety in the numerator and
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(116) for total industry expenditure in the denominator:

¢ pl=¢
QiP; Py,
- — (118)
QZP Zf szr

my =

Fifth and finally, notice that the term QZPZC cancels out and one obtains the definition of
the market share in terms of prices:
P ¢

fzr
my = —— (119)
Zf szr

Optimal Price - Deriving the optimal price faced by a firm requires combining informa-
tion from the firm’s profit-maximization problem (39), its inverse demand constraint (40),

and the market share accounting identity (113). First, the inverse demand constraint (40)

(%) ()

Second, using equation (120) to substitute for Pp;, in the firm’s profit-maximization prob-
lem (39) yields:

is solved for Py;,, yielding:

=

1 1= 11
POCTQ,  Qit T — Qpin MCy (121)

where MC; denotes the marginal cost of firm f. Third, one can take the first order

conditions with respect to );, using the product and the chain rule to recover:

oIl
anir

00, 11
=0= PCC" |:C C Qflf"Qliii szr aQszr (Z - %) QiC ! 1:| = MCf (122)

<
-1 1

-1
Fourth, recall that ); = {Z? Q ffr } from equation (32). It follows that the partial

0Qi

90 for a given firm f is given by:

derivative

0Q; (-1t ¢ [F ]
Qs ~ ¢ UmCd ;Qf"
arE, et 123
o |2an | 2
f
= Q.

Fifth, multiplying the right-hand side of equation (123) by gf  allows the expression to
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be rearranged as:
0Q;
anZT‘

¢=1
= sz’cr Q’L_CQ;l]’}‘ (124)

¢
o1 (Sl )
Sixth, note that the term Z? @y, can be written as the product of [Z? Qi } and

1
(S
{Z?’ Q ffr ] , by standard exponent rules:
Fi o, Fi o % B -5
S =|Yer] T Yer]
f f f
> Qrir
_ { res (125)
- 1
1] ¢t
F;
|:Zf szcr
Q
Q¢
Seventh, using equation (125), it is straightforward to show that Q;C = % Substi-
S Qs
tuting this expression into equation (124) yields a formulation that implicitly incorporates
market share: -
9Q: Qpir _
are = 2 ) 20
Zf inr
i . 00, Ot il .
ighth, using (126) to replace oy and (120) to replace P*Cn Q) Q;¢~ 7, one can sim-
plify (122):
¢—1
oIl —1 i 11
30, :O:><Tpfir+<L<_1)(Z——>Pfir:Mcf' (127)
for Z? szcr 7

Ninth, one can substitute the implicit expression of the market share with (113) such
that:

—1 1 1
¢ c Pfir + <z — 5)mfPfir = MCf. (128)
Tenth, one can solve the previous equation (128) for Py;,:
¢—1 1 1 !
Py = —C + Z - E myg|  MCy. (129)

Eleventh, the expression in brackets can be simplified by multiplying the numerator and
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denominator by ¢ and 7, respectively:

n(¢—1)+ms(n—¢)
¢n

Py — [ rMcf. (130)

Twelfth, the expression in brackets can be further simplified by rearranging terms:

n¢ — ([1 —myln + ¢my)
n

Py = { ]lMcf. (131)

Thirteenth, recall that the demand elasticity € is a function of the firm’s market share

mf:

e(my) = E(l —my) + %mf] o {(1 - mfg):; - Cmf} R (132)

Fourteenth, the expression in brackets in equation (131) can be extended by multiplying

both the numerator and denominator by ([1 — m¢|n + (my):

nC([L —myln +¢my) (1 —myln + Cmy)?
Cn([L = myln+Cmy) ([l — myln + ¢my)

Py — [ rMcf. (133)

Fifteenth, several terms in the expression in brackets cancel out, and substituting the

inverse of the expression in (132) for e(my) yields, finally:

Ppoy — :1 (- mfc]z + (mf)} _1MCf

S (= ﬁf% ) | e

_ |- (%f)} My (134)
Ppiy — G(Zg’;”—)f_)lmf.

Effective Demand Elasticity - Deriving the effective demand elasticity faced by a firm
relies on the intermediate condition in the derivation of the optimal price, given in equa-
tion (129), which combines information from the firm’s profit-maximization problem (39),
the inverse demand constraint (40), and the market share accounting identity (113). First,

recall equation (129), which displays a relationship between the price, the substitution
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elasticities ¢ and 7, and marginal costs:

—1 1 1 -1
Pf"%%*(&‘ﬁ)mf} ME; (135)

Second, divide equation (135) by M C and expand the bracketed terms:

Pyiy { 11 1 }‘1
=|l1—=+4+-my——-m . 136
MC, crom T ™ (136)

Third, factor out % to simplify the right-hand side:

Pyiy { 1 1 r
—— =14+ =(=1+my) ——m . 137
MC, C( 7) ] (137)
Fourth, collect all terms on the right-hand side in (137) into a single bracket and factor

out the minus sign for notational convenience and ease of interpretation, in line with
Atkeson and Burstein (2008):

= [1- (o ma e )]

—1—(=(1=mp)+-m : 138

M, C( 7) ] (138)

Fifth, recall that the expression on the left-hand side in (138) corresponds to the markup,
= Lrir .

defined as p = e

1 1 -

Hy = 1-— —(1—mf)—|——mf . (139)
¢ U

Sixth, to facilitate comparison with the literature—particularly on monopolistic compe-

€
e—1

tition—define the markup as a function of the effective demand elasticity u = and

substitute it for the left-hand side of equation (139):

. - [~ {1 - (%(1 —my) + %mf)]_l- (140)

Seventh, take the inverse of equation (140):

R G| o

Eighth, using the identity % =1- % allows the constant terms on both sides of equa-
tion (141) to cancel:

—% = - [%(1 —my) + %mf} : (142)

Ninth, multiplying both sides by —1 and taking both sides to the power —1 yields the
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final expression, with € expressed as a function of my:

}—1. _ {(1_mf)7]+cmf _1_ (143)

1 1
e(my) = Z(l —my) + Ul o

The effective demand elasticity e(my) represents a harmonic mean of the within-industry
elasticity ¢ and the across-industry elasticity n, with weights given by the firm’s market
share. As my — 0, e(my) — (, corresponding to a small firm that does not internalize its
impact on the industry price index. As my — 1, €(my) — n, reflecting a dominant firm

whose pricing affects aggregate industry demand.

C.4 Optimal Policy

C.5 Equilibrium
C.5.1 Market Clearing

Final, industry-level composite, firm-level good market clears:

o-(f

A N L
(ﬁ> C = {Z Qi df} Viel. (144)
i
P ir -
(%) Q= AsEyL;  VfeF

Labor markets clear in each region:
LM+ L =1, VreR. (145)
Housing market clears in each region:

C.5.2 Constructing the Equilibrium

The equilibrium is constructed in various consecutive steps. Each step builds on the pre-
ceding ones and on the equilibrium values of the respective variables pinned down in those
steps. In short, the procedure described below allows one to construct a system of equa-
tions in which all equilibrium prices and quantities can be expressed as functions of L,
and exogenous fundamentals b and ¢, the equilibrium constant w, and elasticities p and 7.

As such, taking w as the numeraire and for an arbitrarily chosen geographic distribution
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of economic activity {L, },er, equilibrium values can be computed and compared to their

empirical counterparts to assess the optimality of the policy in question.

First, by region 7, solve for the quantity of housing within a region H? as a function of

regional labor L, as in equation (81) in Appendix C.1

1-b

H(L,) = ((1 - U)LT) (147)

Second, by region 7, solve for the regional wage w, as a function of regional labor L, as
in equation (31):
b(1—9)
wy(L,) =w((1 =9)L,) 7 . (148)
Third, by region r € R, solve for the price of housing P¥ as in equation (86) in Appendix
C.1:

PH = w.(L,)(1 —9)°Lt. (149)

T

Fourth, for each industry-region pair, solve for the optimal level of externalities Ej,., de-
fined as the level that maximizes productivity-enhancing externalities across the economy.

Therefore, one needs to solve the following externalities maximization problem:

s.t. Z L; = Z L,=1L (150)

Next, derive the first-order conditions with respect to L; (1) and L, (2), and divide (1)
by (2) to characterize the optimal choice of L; as a function of L,, o, and . Under the

Cobb—Douglas functional form, this relationship is well known:
Li=—=L, (151)

Fifth, for each firm f € F', characterize the optimal subsidy 7y, by comparing marginal
product conditions in a hypothetical decentralized economy and a centralized economy,
and choosing 7;, such that the two allocations coincide, following Bartelme, Costinot, et
al. (2019). Accordingly, firms do not internalize that their labor choice L; contributes to
industry-level labor L; and regional labor L,., which leads them to perceive their marginal
product as too low and, consequently, to hire too little labor. To derive the marginal
product conditions, substitute the production function for ()¢ in the firm’s profit max-
imization problem and take the first-order condition with respect to firm labor L;. To
induce firms to internalize the externality and hire more labor, the optimal subsidy in

the decentralized economy must replicate the externality term present in the centralized
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economy’s marginal product condition:

Tfir = (152)

LB
I

h|g

Sixth, by firm f € F, jointly determine the price the firm charges as in equation (42)
and the market share. Note that the market share m; can equivalently be written as
a function of prices as in (119). Consequently, solving for the price Pp; boils down to
finding a fixed point of the simultaneous system of equations (42) and (119): Importantly,
following Atkeson and Burstein (2008), firms treat 7., w,, E;-, and competitors’ prices

P45 as given, while taking their own productivity Ay as known:

-1

e(my) (1 —7)w, 1 1
Py = where e(m¢) = |—=(1 —m¢) + —m
T e(my) =1 AfE, my) p( /) n

(153)
1

Pfierir _ szrc
Z]Zj Pfi"‘inT Zf 1 P]}zrc

mf:

Seventh, for each industry ¢ € I, the price P; of the industry-level composite good is given

by equation (33):

1

[ZF%ﬂ” (154)

Eighth, the price of the final good P is given by equation (35):

1 =
pe = ( / P}”di) ! (155)
0

Ninth, the quantity of the final good C as a function of L, is obtained from the market-
clearing condition that aggregate demand in the economy equals total spending on the
final good by workers across regions, where the spending share follows from the first-order

conditions of the workers’ utility maximization problem, by summing over all regions:

PeC =) w, (L,) =C= ]fc (L) L, (156)

Tenth, for each industry i € I, the quantity of the composite industrial good @); is obtained
by solving equation (109) in Appendix C.3 for Q);:

@:(R>”c (157)

PC’

Eleventh, by firm f € F', solve for the quantity the firm ;. produces based on equation
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(109) in Appendix C.3:

N\ ¢
= (") @ (158)

Twelfth, for each firm f € F, solve for the firm’s labor demand. Since labor is the sole

input in production, total variable cost equals the wage bill w,(L,) L;. Equivalently, it

can be expressed as marginal cost M C times output:
U}r(Lr) X Lf = MCf X inr (159)

Next, operating profits are:

mr = (Ppir — MCy)Qyir (160)

where I substitute the pricing rule Py, = p MCYy, i.e., the firm-level price is a variable

markup py over marginal cost M C}:

mr = (uyMCy — MCy)Q iy

(161)
= (ur = DMCyQysin

Subsequently, recall that the markup satisfies puy = %, and substitute this expression

into (161):
T = (—E(mf) — 1)MCyQys,

e(my) —1
) { e (162)
BT

This relationship implies that variable costs can be expressed as a function of firm profits.
MC’foir = (e(mf) - l)ﬂ'f (163)

Consequently, combining (159) with (163) yields:

(L) x Ly = (emp) = 1)y (164)

Finally, solve (164) for L; and substitute the profit expression 7y = Py;, Qi — wy(Ly) Ly

to characterize the equilibrium labor demand at the firm level:

1= () =1) 5705

_ elmy) =1 PrinQyir
e(my)  we(Ly)

(165)

141



C.6 Counterfactual

The expression in (49) can be derived in several steps. First, recall the expression for the

optimal price, which consists of the markup, pis;, = G(Erf;ff ")Tzl, and marginal cost:
(1 - Tfir)wr
Prip = ppir——7——7— 166
! = AfirEiT ( )
Multiplying (166) by Ay E;, and extending the left-hand side by % yields:
Lfir
PfirAfirEir_ = ,ufzr(l - Tfir)wr (167)

Lfir

Recall the production function Qg = Ay Eiy Ly and substitute for @)y, accordingly,

yielding: P
# = pyir(1 = Tpir )y (168)
and solve for L g;:
Ly — PrirQ gir (169)

prir Wy (1 — T )
Taking the partial derivative with respect to 7¢;, in (169) using the chain rule yields the
expression in (49):

Ly = D00 Qtin (g o) (170)
M fir Wy
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