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ABSTRACT

This study investigates the impacts of the main instruments of the National Policy for Regional
Development (PNDR) — the FNE, FDNE, and Sudene's tax incentives — on the economic
growth of municipalities in the Brazilian Northeast between 2003 and 2019. To this end,
spatial econometrics applied to panel data is employed to analyze the direct, indirect, and total
effects of these policies on the growth rate of per capita GDP, Sectoral Gross Value Added, and
municipal tax revenue. The results indicate positive impacts for all instruments, with FDNE and
tax incentives standing out due to their significant effects on industrial GVA and tax collection.
The spatial analysis reveals patterns of spatial dependence among municipalities, indicating
the occurrence of regional spillovers. This underscores the relevance of regional policies in
fostering development and suggests the need for strategic coordination in the use of these
instruments and the allocation of resources.
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1. INTRODUCTION

Regional inequality remains one of the main challenges to Brazil's economic develo-
pment. In particular, the Northeast faces structural disparities in relation to other regions of
the country, resulting from a historical process of economic concentration and adverse socio-
economic factors (Furtado, 1959; Cano, 1977; Baer, 2003). These inequalities are reflected in
indicators such as GDP per capita, education, and infrastructure, limiting the region's growth
potential. In this context, public policies aimed at promoting regional development have been
implemented over the decades, seeking to mitigate these disparities and foster more balanced
economic growth.

Data from the Brazilian Institute of Geography and Statistics (IBGE) indicate that, betwe-
en 2002 and 2020, the Northeast recorded an average annual growth in gross domestic product
(GDP) of 2.2%, exceeding the national average of 2.0% and the rates observed in the South
and Southeast regions (1.7%) (Brazil, 2023). This performance increased the Northeast's share
of the national GDP from 12.8% in 2003 to 14.5% in 2017. However, the region still has the
lowest levels of GDP per capita and the highest rates of poverty and inequality in the country.
The northeastern states are among the ten with the lowest GDP per capita in the country, and the
region accounts for 43.79% of the population vulnerable to poverty, in addition to exhibiting a
Gini Index of 0.536 (Brazil, 2023).

To address these disparities, the federal government instituted the National Regional De-
velopment Policy (PNDR) through Decree No. 6,047 of 2007, aiming to articulate and coor-
dinate public actions aimed at reducing regional inequalities. The PNDR relies on instruments
such as the Constitutional Financing Funds for the Northeast (FNE), the Midwest (FCO), and
the Amazon (FNO), the Development Funds for the Northeast (FDNE), the Midwest (FDCO),
and the Amazon (FDA), in addition to tax incentives granted by the Superintendences for the
Development of the Northeast (Sudene), the Midwest (Sudeco), and the Amazon (Sudam).
These mechanisms aim to stimulate productive investments, strengthen local economic chains,
and boost job and income generation in the region.

In the Northeast region of Brazil, the FNE disbursed more than R$ 270 billion between
2002 and 2019, supporting sectors such as agriculture, industry, and infrastructure (Banco do
Nordeste, 2020). The FDNE, in turn, financed strategic projects in the Sudene area, especially
in the energy and transportation segments, with investments exceeding R$ 40 billion during the

period. Tax incentives provided an important stimulus to the productive sector in the Northeast,4
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attracting new companies to the region and strengthening the local economy (Sudene, 2023).

Empirical studies point to the positive impacts of funds and tax incentives on per capita
GDP growth, job creation, and tax collection (Resende, 2012; Linhares et al., 2014; Oliveira
and Silveira Neto, 2016; Carneiro et al., 2024). However, there is still a gap in the joint analysis
of these instruments and their spatial interactions, especially with regard to direct and indirect
effects on neighboring municipalities (Ferreira, Irffi, and Carneiro, 2024).

Given this scenario, this study seeks to assess the simultaneous impacts, identify patterns
of spatial dependence, and verify the existence of regional spillovers from the FNE, FDNE, and
Sudene tax incentives on GDP per capita growth rates and sectoral Gross Value Added (GVA)
in northeastern municipalities between 2003 and 2019. To this end, spatial econometrics is used
in panel data, through the specification and estimation of the Generalized Spatial Dependency
Model (GNR).

The results indicate that the three instruments analyzed have positive effects on the re-
gion's economic growth, although with different impacts across sectors. The FNE showed po-
sitive effects in agriculture and the service sector, while the FDNE had a greater impact on
industry, especially in municipalities that received infrastructure investments. Tax incentives, in
turn, had a significant influence on municipal tax collection and the creation of formal jobs. The
spatial analysis revealed patterns of spatial dependence, showing that the effects of the policies
extend beyond the municipalities that directly benefited, generating positive spillovers for nei-
ghboring localities and highlighting the importance of regional coordination in the allocation
of resources.

The article is structured in four sections, in addition to this introduction. In the second
section, a literature review, the theoretical foundations of regional policies and a survey of
empirical studies will be addressed in subsections. The third section presents the econometric
strategy used in the analysis. In the fourth section, the results are presented and discussed. Fi-
nally, the fifth section presents the final considerations, highlighting the main conclusions and

implications of the study.



- Q
TeESoOuRONACIONAL

2. LITERATURE REVIEW

2.1 Theoretical Framework

Regional inequality in Brazil has historical roots dating back to the colonial period, when
the economy of the Northeast was based on sugar production for export. With the decline of this
activity and the rise of the coffee economy in the Southeast, the concentration of investments
and infrastructure favored the industrialization of the latter region, widening economic dispa-
rities in the country (Furtado, 1959; Cano, 1977). This process resulted in the persistence of
a fragile productive structure in the Northeast, characterized by low economic diversification,
high levels of informality, and less access to credit and infrastructure (Baer, 2003).

Economic literature presents several theories to explain regional inequalities. The theory
of economies of location, based on the work of Marshall (1890), suggests that geographical pro-
ximity between companies generates positive externalities, such as the sharing of skilled labor,
the dissemination of knowledge, and the development of infrastructure. This phenomenon fa-
vors the concentration of economic activity in certain regions, creating competitive advantages
that perpetuate spatial disparities.

Myrdal (1957) and Hirschman (1958) emphasize cumulative causation and chain effects,
whereby richer regions attract investment and human resources, thereby deepening regional
inequalities. While Myrdal (1957) highlights the feedback effects that favor developed areas,
Hirschman (1958) suggests that investments can generate positive and indirect impacts in less
developed regions, provided they are accompanied by appropriate public policies.

Krugman (1991), expanding on this theory with New Economic Geography, argues that
increasing returns to scale and transportation costs encourage industrial concentration in a few
regional hubs. This process results in the polarization of development, with central regions at-
tracting investment and skilled labor, while peripheral regions remain marginalized.

Another determining factor of regional disparities is the failure of the credit market, hi-
ghlighted by Stiglitz and Weiss (1981). In peripheral economies such as the Northeast, the scar-
city of collateral and the high perception of risk limit access to financing, hindering productive
investment and the modernization of the local economy. In response, public policies that offer
subsidized credit and tax incentives become essential instruments for correcting these failures
and stimulating regional development (Crocco et al., 2006; Além and Madeira, 2015).

The financing funds and tax incentives analyzed in this study are directly related to these



P Q
TeESOURONACIONAL

theories. The FNE and FDNE seek to correct credit market failures by ensuring long-term fi-
nancing for strategic sectors. Tax incentives, on the other hand, act to reduce the cost of capital
and attract investment to less developed areas. Thus, these instruments not only promote econo-
mic growth but also have a significant social impact by generating jobs, reducing poverty, and

strengthening regional productive capacity (Garsous et al., 2017; Carneiro et al., 2023).
2.2 PNDR Instruments

The PNDR was created with the aim of reducing socioeconomic disparities between re-
gions in Brazil, promoting more equitable development. The Northeast, historically marked by
adverse conditions, is one of the main target regions of this policy. Among the main instruments
of the PNDR are the FNE, the FDNE, and the tax incentives granted by Sudene. These mecha-
nisms aim to stimulate productive investments, strengthen local economic chains, and boost job
and income generation in the region (Brazil, 2007).

Sudene's tax incentives aim to attract and expand productive investments in the Northe-
ast, reducing regional inequalities. The main mechanism is a 75% reduction in Corporate In-
come Tax (IRPJ) for companies that implement, modernize, or expand activities in the region.
This benefit is granted to companies under the real profit regime that operate in priority sectors
defined by Sudene. To access the incentive, the company must present an investment project
that proves its contribution to regional development, ensuring, among other factors, job crea-
tion and the efficient use of natural resources (Sudene, 2023).

Empirical evidence indicates that Sudene's tax incentives have a positive impact on eco-
nomic growth and the labor market in the Northeast. Garsous et al. (2017) assessed the impact
of Sudene's tax incentives on the tourism sector and identified significant employment growth,
ranging from 30% to 39%, reinforcing the potential of these benefits to boost strategic sectors.

Carneiro et al. (2023) analyzed the efficiency of companies benefiting from the 75%
reduction in corporate income tax, finding that, although the policy has achieved its goal of
attracting investment, many companies operate below the efficiency frontier. Braz and Irffi
(2023) found evidence that the tax incentive resulted in a 3.2% increase in formal jobs and a
1.2% increase in municipal average income, with more pronounced effects in more developed
municipalities. Ferreira, Irffi, and Carneiro (2024) demonstrated that tax incentives contributed
to a reduction in infant mortality and an increase in GDP per capita, with positive spillovers for

neighboring municipalities. However, there are challenges in the spatial distribution of beneﬁts,7
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as incentives tend to concentrate in more structured areas, reinforcing intraregional inequalities.

The FDNE is a fund aimed at financing large structural projects in the region, such as
infrastructure projects and basic industries. Financing can cover up to 80% of the total in-
vestment, with payment terms of up to 20 years, depending on the sector and location of the
project. Priority is given to sectors such as energy, transportation, and sanitation, seeking t te
investments with high regional impact. Studies indicate that the FDNE has positive effects on
GDP growth and the creation of formal jobs (Carneiro et al. 2024, Ferreira, Irffi, and Carneiro,
2024, Irffi et al., 2025).

The FNE, managed by the BNB, is the main long-term financing mechanism for produc-
tive activities in the Northeast. Although it also finances large projects, its priority is to support
small producers and micro and small businesses. The FNE operates with subsidized interest
rates, long terms, and flexible conditions, allowing companies and rural producers to access
capital for the expansion and modernization of their activities (Banco do Nordeste, 2020).

Several studies have assessed the impacts of the FNE on the economy of the Northeast. In
general, there is consensus that the fund contributes to job creation and economic growth, with
the most evident effects in the agricultural and service sectors (Linhares et al., 2014). Resende
(2012, 2014) identified positive impacts on job creation and income, although with limited ef-
fects on per capita GDP growth. Cravo, Resende, and Carvalho (2014) used spatial models and
pointed out that the effects of the FNE may depend on specific regional characteristics, such as
infrastructure and available human capital.

Carneiro (2018) analyzed the efficiency of municipalities in the use of FNE resources and
found that those with higher levels of human capital have greater economic returns. Do Monte
et al. (2024) found that the allocation of FNE resources to companies resulted in significant
increases in the wage bill and GDP per capita, especially when financing represented a substan-
tial portion of total investment. However, some studies indicate that the effects of the FNE may
be heterogeneous and more limited in municipalities with less economic dynamism (Resende,
Silva, and Silva Filho, 2017).

Ferreira, Irffi, and Carneiro (2024) and Carneiro et al. (2024) conduct a joint analysis of
PNDR instruments. Ferreira, Irffi, and Carneiro (2024) assess the effects of tax incentives and
the FDNE, managed by Sudene, on the economic development of municipalities in the Nor-
theast. The methodology combines the construction of a Municipal Development Index (IDM)
with spatial econometric analyses to capture both local economic development and the impacts

of these instruments on neighboring municipalities. The results indicate that tax incentives con-
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tributed significantly to economic development, reducing infant mortality and increasing GDP
per capita, with spillovers to neighboring municipalities, while the FDNE had an impact limited
only to the income subindex.

Carneiro et al. (2024) analyzed the impact of the three main PNDR instruments on the
economy of municipalities in the Northeast: FNE (Industry and Infrastructure), FDNE, and Tax
Incentives. The study uses the two-stage difference-in-differences method (Gardner, 2021) and
the estimator by Callaway and Sant’Anna (2021). The results indicated that a 10% increase in
the contracted value of FNE Industry and Infrastructure raises municipal GDP per capita by
approximately 7%, while the same increase in FDNE would generate a 23% increase in this
indicator. As for tax incentives, the results were inconclusive, with some models indicating
positive effects and others not.

In this sense, this study represents an extension of the latter two, as it jointly analyzes the
effects of PNDR instruments on the growth rates of municipalities in the Sudene area, but takes
spatial effects into account, unlike Carneiro et al. (2024), and by using panel data, it advances

on the approach of Ferreira, Irffi, and Carneiro (2024).
3. METHODOLOGY

To assess the impact on the local economy of having enterprises supported by at least one
of the regional policy instruments, we started from the Two-Way Fixed Effects (TWFE) model,
taking as the treatment group the municipalities with companies benefiting from Tax Incentives,
FNE, and/or FDNE. The control group considers the other municipalities in the Sudene area,
similar to Carneiro et al. (2024), but which do not have companies covered by PNDR instru-
ments. However, unlike these authors, we sought to adapt the model to consider the presence
of spatial effects.

This is relevant because, as Ferreira, Irffi, and Carneiro (2024) showed, the distribution
of beneficiaries of development policy is not homogeneous across space, but concentrated in
regions with a higher degree of development. Furthermore, interaction between neighboring re-
gions can cause the effects of the policy to spill over into neighboring municipalities. Such inte-
raction may result from the movement of goods, people, or information through space (Odland,
1988). Therefore, disregarding this phenomenon can lead to misguided conclusions about the

effects of the policy.
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3.1 Econometric Strategy

Like Carneiro et al. (2024), we used the fixed effects model with time dummies, known
as TWFE, as a starting point to estimate the causal effect of regional policy instruments on
economic growth. Under certain conditions, this method provides an extension of the standard
difference-in-differences model considering several periods, allowing us to obtain the average

treatment effect on the treated (ATT), expressed by:
¥
y. =B+ +P "+8 +c+e [1]

Where D, takes on a value of one from the moment unit i begins to receive the treatment;
the term 6, represents temporal shocks common to all units, represented by dummies for each
year. While the term ¢, represents individual heterogeneity, potentially correlated with D, that
is, the unobserved individual characteristics, fixed in time, that may affect the receipt of treat-
ment. And X, is a set of observed characteristics of the units (time-varying variables).

Equation 1 can be estimated using the Ordinary Least Squares (OLS) method after sub-
tracting each variable by its respective time average, a process that eliminates ¢, (Wooldridge,
2010). In this case, the parameter captures the ATT if: (i) the treatment is homogeneous be-
tween the treated units and over time; and (ii) the parallel trajectories hypothesis is respected
(Ruttenauer and Aksoy, 2024). However, in the presence of spatial effects, the Gauss-Markov
hypotheses and OLS assumptions are violated, making the estimators biased and inefficient
(Almeida, 2012).

To verify the existence of such effects, the presence of spatial autocorrelation was inves-
tigated using Moran's I diagram and coefficient of the dependent variable (Anselin, 1996). To
this end, a spatial weight matrix (W) is used, which measures the degree of connection between
regions based on some criterion of contiguity or proximity, defined by neighborhood, geogra-

phical and/or socioeconomic distance, or a combination of both (Almeida, 2012)'.

1 In the present study, a second-order “tower” matrix was used, i.e., the possibility of interaction between
immediate neighbors and neighbors of neighbors was considered, ignoring the vertices of the map. The choice
of this matrix followed the procedure of Baumont (2004), which consisted of testing the presence of spatial
autocorrelation of the residuals of an auxiliary OLS regression for different matrices and choosing the one with
the highest Moran's value. First- and second-order “tower” and “queen” matrices were tested, as can be seen in

Appendix A.
pp X 10
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3.2 Specification of the Spatial Model

Once spatial effects have been identified, they must be adequately considered in the esti-
mation of the econometric model. This can be done by including spatial lags of the dependent
variable (Wy), the explanatory variables (WX), and/or the error terms (We) (Almeida, 2012).
The different combinations of these lags will give rise to different spatial models. The most
flexible approach to spatial models, and the starting point for other specifications, is the GNR
Model, proposed by Manski (1993).

The GNR incorporates the three types of spatial lag of the dependent variable through the
spatial autoregressive factor (py), the explanatory variables (0//.X) and the error term (AWu),

as described in Equation 2.
y=pWy+BX+0WX+u
[2]

u=AWu+eg

Starting from the GNR and eliminating each of the three spatial lag parameters in all pos-

sible permutations, different spatial econometric models are created, as described in Figure 1.

Figure 1 — Different situations in Spatial Econometrics.
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Source: Seifi, Ebrahim, and Ahmadi (2020). Note: SDM: Spatial Durbin Model; SDEM:

Spatial Durbin Error Model; SAR: Spatial Autoregressive Model; SEM: Spatial Error Model;
OLS: Ordinary Least Squares Model; SLX: Spatial Lag of X Model; SAC: Spatial Autoregres-
sive Combined; GNS: General Nesting Spatial Model.
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To choose which lags to include in the model, the following strategy was employed: all
specifications were estimated and a series of focused tests were performed to verify the signifi-
cance of the spatial parameters, p, 6 e A. Specifically, the Wald and Likelihood Ratio (LR) tests
were used for the spatial terms. The Wald test has as its null hypothesis the absence of spatial
effects, which would indicate that OLS is the most appropriate for each model. The lower the
value of this statistic, the less likely it is that the null hypothesis is true. The LR test tests the
significance of spatial terms based on the most complete models and compares them with the
most restrictive specifications, with the null hypothesis that the restrictions are true’.

Finally, it should be noted that the interpretation of coefficients in the presence of spatial
autocorrelation differs from traditional models. The effects are decomposed into direct effects,
which measure the impact of an explanatory variable on the dependent variable in the same
spatial unit, and indirect effects, which capture the impact of that variable on neighboring units,
known as spatial spillovers (Elhorst, 2014; LeSage and Pace, 2009). In the case of panel data
with spatial effects, LeSage et al. (2009) propose impact measures such as average effects over
time, whose expression will depend on the chosen spatial specification. Instead of using only
the neighborhood matrix W, , the panel structure requires the introduction of the block-diagonal
matrix W'." =i r @ W_ | considering spatial dependence over time. Thus, considering a gene-
ral spatial model, the impact matrix in the panel context is adjusted to obtain direct and indirect

effects in the same way as in cross-section models.
3.3 Empirical Model

To assess the effect of regional policy instruments on economic growth, a strategy similar
to Linhares et al. (2014) was used, based on the growth models of Sala-i-Martin (1996). Ac-
cording to this specification, the growth rate of output between two periods is a function of the
values in the initial period, in order to avoid simultaneity in the results derived from possible
reverse causality. Thus, when considering the TWFE equation and inserting all spatial lags as

in the GNR, the general spatial model of unobserved effects would have the following confi-

guration:
V=Wt PWy, + 1D, +BX, HOW(X,, +D, )0, +u,
u,= xw”n tete,
2 The results, available in Appendices C and D, indicated that the GNR model was the most appropriate.

12
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Where y,_ is the growth rate of per capita output of municipality i between periods t-1
and t; the variables y _, D, e X,  represent per capita output, treatment status, and observable
characteristics at the beginning of each period (t-1); and Wy, , W(X, , + D, ) and Wu, are the
weighted averages of these variables in neighboring municipalities. The parameters were esti-
mated using the Quasi-Maximum Likelihood (QML) method proposed by Lee and Yu (2010)
for spatial fixed-effects panels.

Specifically, in the case at hand, three treatment variables were considered: two post-tre-
atment dummies for the first receipt of tax incentives and FDNE; and for the FNE, the total
value of financing divided by GDP was considered. This last variable was due to the fact that
the FNE has great capillarity, so that every year there are operations in all municipalities in the
Sudene region, therefore, it would not be possible to establish a starting point for the treatment.
Thus, while the coefficients for Tax Incentives and FDNE report the effect of having at least
one company benefiting from these instruments, the FNE will report the effect of a proportional

increase in GDP from fund disbursements on the growth rate.
3.4 Data

To estimate the econometric model, a panel of the 2,074 municipalities in the Sudene area
of operation was constructed®, which includes, in addition to the states of the Northeast, munici-
palities in the north of the states of Minas Gerais and Espirito Santo. The time frame considered
the period from 2003 to 2019, although the joint analysis of the three instruments was based on
data from 2008 onwards, due to the availability of public data on tax incentives and because this
was the year of the FDNE's first operation.

The municipal GDP per capita growth rate was used as a result indicator. Control varia-
bles were also used to cover characteristics of the municipalities that could explain both their
level of output and the possibility of having a business that benefited from regional policy ins-
truments, following Carneiro et al. (2024). Thus, the variables chosen were the average level
of education of workers, the degree of formalization, the number of companies, and population
density.

In addition to GDP per capita, a sectoral analysis of GVA in agriculture, industry, ser-

vices, and public administration was performed to measure the impact of the instruments on

3 Thirty municipalities (~1.4%) were removed from the sample because they had missing information in
some of the years analyzed.

13
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municipal production levels. Table 1 details the variables used in the study.

Table 1 - Variables explained in the analysis and their respective data sources.

Variable Description Source

Municipal GDP per capita Municipal GDP per capita growth rate, at constant 2019 prices IBGE

growth

Agricultural GVA per capita Growth rate of Gross Value Added in the agriculture sector, per IBGE
capita, at constant 2019 prices

Per capita industrial GVA Growth rate of Gross Value Added in the industry sector, per capi- | IBGE
ta, at constant 2019 prices.

GVA Services per capita Growth rate of Gross Value Added in the services sector, per capita, | IBGE
at constant 2019 prices.

GVA Public Administration Growth rate of Gross Value Added in the public administration IBGE

per capita sector, per capita, at constant 2019 prices

Taxes per capita Growth rate of total taxes collected, per capita, at constant 2019 IBGE
prices.

FNE/PIB Value of disbursements as a proportion of municipal GDP BNB

FDNE Dummy variable that assumes a value of one after the first contract | Sudene
with the FDNE

IF Dummy that assumes a value of one after receiving the first tax Sudene
incentive

Education Average education level of formal workers (median for the class) RAIS

Employment contracts Number of formal employment relationships / population RAIS

Number of companies Number of companies RAIS

Population density Population density IBGE

Sources: Prepared by the authors

4. ANALYSIS OF RESULTS

4.1 Descriptive Analysis and AEDE

First, it is necessary to conduct a preliminary descriptive analysis of the economic indi-
cators of the municipalities and the resources allocated to projects in the region covered by SU-
DENE between 2003 and 2019. According to Table 1, the analysis of the data reveals a growth
trajectory in investments by the Constitutional Fund for Financing the Northeast (FNE) over
the years, with a notable sharp increase in 2018. The Northeast Development Fund (FDNE), in
turn, shows irregular values, being non-existent in some years and with greater contributions in
2009 and 2013. The number of companies receiving incentives began to be recorded in 2008
and grew significantly until 2018, indicating greater adherence to tax incentives. The real GDP

of the municipalities in the Sudene area shows continuous growth until 2014, with a decline

14
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from 2015 onwards, both for GDP and GDP per capita, possibly reflecting the impacts of the

national economic recession that occurred during the period.

Table 1 — Output and quantities of FNE, FDNE, and Tax Incentives in the Sudene area

- F.NE Al.'n_nunl FOME .‘n.-"*-.alua lncentiviz_eu Feal GDF-‘ GDF*_,:}Er’
(RS million) (RS million) Companies (F% million) capita
2003 4,5309 0 - 948,43 17,540,333
2004 11,766.4 0.0 - 957,29 18,235.34
2005 15,8483 0.0 - 1,040.04 18.805.85
2006 16,9466 0.0 - 1,093.19 19,549.78
2007 14 458 5 0.0 - 1,140 45 20424 53
2008 23 5078 E758.6 1 118273 20,732 14
200 28,5897 53,7862 2 1,.221.09 21,034 .56
2010 29 844 2 0 24 1,293.47 2250287
2011 29.197.5 61.7 20 1.328.03 2292614
2012 290439 0 174 1,370.81 2349217
2012 29.173.2 30762 223 1.400.55 23, 176,79
2014 29.713.5 208.7 17f 1.431.54 23,526,894
2015 22,7018 42.5 219 1,394.10 2276419
2016 20,5983 192.8 256 1.354.05 2197388
2017 28,7354 4.0 237 1,281.55 22.288.75
2018 ol 5672 0 292 1.282.01 22,657 .34
20149 46,132.4 170.5 253 1,390 .49 22.510.06

Source: Prepared by the authors based on data from IBGE/Sudene/BNB. Note: FNE and
FDNE deflated by the IGP-M for average values for 2019.

The municipal distribution of GDP per capita for 2019 can be seen in Figure 2, which
highlights some development patterns. In addition to the traditional metropolitan regions of the
capitals of the northeastern states, it is possible to find municipalities with extremely high le-
vels of GDP per capita throughout western Bahia, southwestern Piaui, and southern Maranhao,
a region known as Matopiba (Maranhao, Tocantins, Piaui, and Bahia), which stands out as an
expanding agricultural frontier. Not as large as these, but still relevant, there are municipalities
with values between R$ 27,000.00 and R$ 43,000.00 in the Submédio do Sao Francisco region,
along the northeastern coast, in northern Espirito Santo, and in Minas Gerais, such as the Jequi-
tinhonha and Vale do Mucuri regions. One interesting thing to note is that, despite the apparent
dispersion of municipalities with high GDP per capita values, most of them have few neighbors
in their surroundings that show the same trend.

In addition, the same figure shows the distribution of the annual average disbursements15
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from the FNE and FDNE as proportions of municipal GDP, and the total number of projects
supported per municipality. It can be seen that the FNE is present in practically the entire ter-
ritory, demonstrating its high capillarity, although some municipalities have large credit absor-
bers and others less so. This situation is reversed with the FDNE, whose resources are present
in very few municipalities, notably in southeastern and southwestern Piaui; the Pernambuco
hinterland; and south-central, hinterland, and coastal Ceara. This is due to the size of the pro-
jects, especially in the industry and infrastructure sectors, which, because they require large
investments, are less distributed in space. Tax incentives, although more widely distributed
than FDNE resources, are still less dispersed than those of the FNE. Their presence is notable,
especially in some capitals and metropolitan regions, as well as in locations that stand out as
important production hubs, such as the irrigated agriculture hub of Petrolina-Juazeiro. They are
also present in municipalities with greater economic diversification, located in mesoregions
such as northern Espirito Santo, northern Minas Gerais, south-central Bahia, eastern Maranhao,
Jaguaribe and northwestern Ceard, western Rio Grande do Norte, among others.

Table 02, in turn, reveals the sectoral distribution of investments, indicating a strong fo-
cus of tax incentives on industry (71.3% of requests), while the FDNE is mainly allocated to
infrastructure (73.4%). The FNE, in turn, has a higher concentration of resources in agriculture
(38.8%), followed by services (24.0%), indicating an effort to strengthen productive and struc-
turing activities in the region. The low participation of agriculture and services in tax incentives
and the FDNE suggests that these sectors depend more on FNE credit, while industry, even
though it is the most fiscally incentivized sector, receives a smaller share of direct financing.
This may indicate a strategy of stimulation via tax relief, while infrastructure is strengthened
by direct investments.

Therefore, there is a certain complementarity between the instruments, with the FNE,
which has greater capillarity, playing a more comprehensive role in supporting the agricultural
and service sectors, while the FDNE focuses on large-scale projects, mainly aimed at infrastruc-
ture. Tax incentives, on the other hand, function as a strategic mechanism to stimulate industria-

lization and the consolidation of specific productive hubs.
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Figure 2 - Municipal distribution of GDP per capita in the SUDENE region in 2019.
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Source: Prepared by the authors based on IBGE data.

Table 2 - Sectoral distribution of PNDR instruments.

Tax Incentives FOME FNE
Sector

{% of requests) (% RS) (% R$)
Industry 7.3 26.6 18.5
Infrastructure 199 734 188
Sernvices 6.1 0 24.0

Agriculture and 27

livestock ) 0.0 38.8

Source: Prepared by the authors based on data from SUDENE and BNB.

To verify whether GDP per capita growth rates and FNE values as a proportion of muni-

cipal GDP follow any systematic pattern across space, the presence of spatial autocorrelation
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was tested using Moran's Index (1948), global and local for FNE and FDNE values as a propor-
tion of municipal GDP, and the number of incentive claims.

To consider the entire period analyzed, the AEDE was performed using the annual ave-
rage of the respective values. In addition, the bivariate spatial correlation was calculated to
verify whether the GDP per capita values of a municipality vary according to the presence of
projects supported by the instruments in neighboring municipalities. The spatial weight matrix
chosen was the one that obtained the highest Moran's I for the MQO model residuals, according
to Baumont's (2004) procedure, with the second-order tower neighborhood criterion adopted.

The results of the AEDE can be seen in Graphs 04 and 05. All Moran values were po-
sitive and statistically significant at the 5% level. In the case of the univariate global Moran
for GDP per capita growth rates, the moderate value of 0.217 indicates the presence of spatial
autocorrelation, evidenced by the predominance of observations in the first and third quadrants
of the scatter plot (High-High and Low-Low). This means that municipalities with high average
growth rates tend to be close to other municipalities with high average growth rates, while mu-
nicipalities with low average growth rates tend to cluster with other low-growth municipalities.

However, when analyzing the Moran Bivariate scatter plots, this configuration remains,
but with less magnitude. When it comes to the influence of the FNE and FDNE on GDP per
capita growth rates, this correlation becomes relatively weaker. Still, in general, municipalities
with high GDP growth tend to be geographically close to other municipalities that also have
large proportions of FNE or FDNE loans in relation to GDP, and vice versa. On the other hand,
this relationship is not observed for tax incentives, since municipalities with high average GDP
per capita growth rates tend to be surrounded by municipalities with low numbers of incentive

claims, and vice versa.
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Figure 3 — Global Moran's Dispersion and Local Cluster Map (LISA), univariate, 2003-
2019.
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Figure 3 — Global Moran's I and Local (LISA) Cluster Map, univariate, 2003-2019.
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Considering the Local Spatial Association Indicators, an extension of the global Moran's19
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I that allows the identification of spatial association clusters, it was possible to confirm the pre-
sence of positive clusters of municipalities with high GDP per capita growth rates in much of
the state of Piaui, in the north of Minas Gerais, in the south-central region of Bahia, in eastern
Rio Grande do Norte, in the Agreste region of Pernambuco, and in southern Maranhao. Nega-
tive growth clusters are observed in the mesoregions of northern Espirito Santo; Vale do Rio
Doce, Pernambuco Forest, Paraiba Agreste, western Rio Grande do Norte, southern Bahia, and

a portion of the northern coast of Bahia, passing through Sergipe and Alagoas.
4.2 Impact Assessment

The following are the results of the assessment of the effects of the FNE, FDNE, and
tax incentives on the economic growth of municipalities between 2003 and 2019. Preliminary
panel specification and unit root tests were performed, available in Appendix B, which attest to
the stability of the series and the adequacy of the fixed effects approach. The incorporation of
spatial dependence followed the GNR Model. The complete results of all estimates, as well as
the tests performed, are also available in Appendices C and D.

Thus, Table 3 presents the direct, indirect, and total effects of regional policy instruments,
FNE, FDNE, and Tax Incentives, on the growth rate of the beneficiary municipalities and their
neighbors. The three instruments had positive effects on the increase in average municipal ou-
tput. The estimation shows, for example, that a 10 percentage point increase in the ratio of FNE
values to GDP raises the per capita GDP growth rate by 0.0112%.

In addition, no indirect effects of this financing were identified, suggesting that these
lines of credit have a moderate impact, possibly conditioned by the presence of complementary
factors, such as infrastructure and workforce skills. This finding is in line with the studies by
Cravo, Resende, and Carvalho (2014), which pointed out that the impact of the FNE may be
limited in regions with less economic dynamism. On the other hand, it differs from the results
of Resende, Silva, and Silva Filho (2017), who identified more significant direct and indirect
effects, possibly due to the economic typology of the municipalities analyzed.

The FDNE had a more significant impact on municipal economic growth. The presence
of FDNE-supported projects increased average output growth by 3.5%. The indirect effects
were only significant at the 10% level, indicating the possible presence of spillovers to neighbo-
ring municipalities. This is in line with the findings of Ferreira, Irffi, and Carneiro (2024), who

demonstrated that the FDNE had a positive impact on the income subindex in the beneﬁciary20
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municipalities, albeit with a lesser effect on other development indicators.

Table 3 - Direct and indirect effects of regional policy instruments — GNR model

Dependent variable: GDP per capita growth rate

Standard p-valu I Min Max Cl

Treatment Effect Coeff Error Z Stat E (95%) (95%)
Diract 000122 1.55a4-06 F 50 0.000 9_20e-06 0000153
FMEMNGDP Indiract -1.01e-08 X 83a-06 028 0782 -8 12e-06 g.11e-06
Total 0000112  4.05e-08 278 0006 3.30e06  .0000192
Direct  .0098703 0077449 127 0203 -.ungzu*a 0250501
FONE  |ndirect 0251877 0136879 184  0.066 '-”“éﬂ"” 0520155
Tolal 0350574 0153251 2.2 0,022 D050213 JOES0045

Diract 213117 0038742 5. 50 0,000 137184 028005
1= indirect 0163558  0QTBS57 208 0037 0009580 0317527
Tevlal ATEErS OOES201 q X2 0.000 D20 e49 0551 02

Source: Research results. Note: *p-value < 0.05.

Sudene's tax incentives had the greatest overall impact on economic growth, both directly
and indirectly, reinforcing their effectiveness in attracting productive investments and boosting
the local economy. Having incentivized enterprises accelerates growth by 3.8%. The indirect
effects were also significant, indicating that the benefits of the incentives spread to nearby
regions. These findings are consistent with the results of Garsous et al. (2017), who identified
significant employment growth in the tourism sector in regions benefiting from tax incentives,
as well as with the studies by Carneiro et al. (2023), who highlighted the improvement in the
productive efficiency of the beneficiary companies.

However, unlike the study by Carneiro et al. (2024), which presented inconclusive results
on tax incentives, the present analysis suggests a robust positive effect. This difference can be
attributed to the incorporation of spatial effects in the modeling used in this study, which better

captures the interactions between municipalities.

4.3 Robustness Analysis

Since the choice of the most appropriate spatial model specification is subject to uncer-
tainty, we decided to compare the results of the main estimation with those produced by the
other specifications in order to check for possible inconsistencies between them. In general, the

results, available in Table 4, seem to corroborate the main estimation, especially regarding the
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effects on the FNE and Tax Incentives. They also seem to support the existence of only indirect
effects of the FDNE. The magnitude of the effects varies slightly between specifications, with
the chosen approach, the GNR Model, being more conservative in most cases.

In addition to the specifications, we chose to use a second-order “tower” type spatial con-
tiguity weight matrix, which considers the links between immediate neighbors and neighbors
of neighbors. Thus, to capture possible global effects beyond these boundaries, we re-estimated
the model considering the inverse distance matrix. This matrix uses the distance between units
as a weighting factor for the spatial connection between units, allowing interactions between all
municipalities in the sample.

The results with this new matrix, for all spatial model specifications, can be seen in Table
5. Once again, the positive effects of the FNE and Tax Incentives are confirmed, in particular the
direct effects. Still in the FNE, the global specifications also suggest the existence of positive
indirect effects of the FNE. On the other hand, the FDNE has no significant effect for most of
the specifications tested. Therefore, the use of an alternative spatial weight matrix largely cor-
roborates the results of the main estimation.

The checks performed show that the model results are robust to variations in the specifi-
cation of spatial effects and in the range considered by the weighting matrix. In particular, the
effects of Tax Incentives and, especially, the FNE are consistent across all specifications tested,
reinforcing their relevance in regional economic dynamics. These results are in line with the li-
terature on the role of financial incentives in local development, which points to the importance
of targeted credit mechanisms and fiscal policies in promoting economic growth.

In addition, the persistence of the positive effects of the FNE, both direct and indirect,
suggests that this instrument can play a structuring role in reducing regional inequalities by sti-
mulating investments in municipalities that might otherwise have difficulty accessing produc-
tive financing. Thus, the findings of this study corroborate the view that well-targeted regional
development policies can generate positive externalities, influencing not only the municipalities

that benefit directly, but also neighboring municipalities.
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4.4 Sectoral Analysis

To understand the transmission mechanisms of regional development instruments, we

chose to disaggregate municipal GDP into its different components in order to identify which23
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one accounts for the majority of the observed effect.

The results shown in Table 6 for the growth rates of sectoral GVA per capita reveal that
the effects of the FNE cover the agriculture, services, and industry sectors, which is consistent
with the sectoral scope of this instrument. On the other hand, both the FDNE and Tax Incentives
seem to act predominantly in the industrial sector, which is also consistent with the guidelines
for the use of these instruments. In all cases, the sectoral effects appear to be only direct, which
leads to the conclusion that the indirect effects observed for some instruments in the main esti-
mation are due to diffuse links between sectors, which spill over to municipalities surrounding
those benefiting from the policy.

The zero effects on public sector spending can be understood as a placebo test, since this
sector does not directly benefit from any of the regional policy instruments. However, there is
a noticeable increase in tax collection, particularly for the FNE and Tax Incentives, which may
derive from the greater economic dynamism caused by these instruments.

PNDR instruments contribute to municipal economic growth not only by generating em-
ployment and income, as demonstrated by several studies on the FNE and tax incentives, but
also by strengthening production in key sectors of the economy. These findings corroborate the
results of Carneiro et al. (2024), who identified an association between economic growth and
FNE and FDNE resources. However, they diverge partially with regard to tax incentives, for

which the results found in this study indicate more robust positive effects.
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Table 6 - Results of the GNR model for sectoral per capita GVA growth.
Dependent variable: Per capita GVA growth rate
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Source: Research results. Note: Standard errors in parentheses. * p-value < 5%; ** p-value

<10%.
5. CONCLUSION

Regional inequality in Brazil, especially in the Northeast, persists as a historical and
structural challenge (Furtado, 1959; Cano, 1977). Factors such as the concentration of invest-
ments in more developed regions (Krugman, 1991), infrastructure limitations (Baer, 2003), and
unequal access to credit (Stiglitz and Weiss, 1981) have contributed to the reproduction of these
disparities. Given this scenario, public policies aimed at financing and encouraging productive
activities in less developed regions emerge as fundamental instruments for promoting regional
economic growth (Crocco et al., 2006; Além and Madeira, 2015).

The literature suggests that mechanisms such as subsidized financing and tax incentives
can stimulate investment and boost regional economic growth (Linhares et al., 2014; Resende,
2012). However, the joint evaluation of these instruments and their spatial impacts still has
gaps (Ferreira, Irffi, and Carneiro, 2024). There are positive effects of funds and incentives on
economic growth and tax collection (Carneiro et al., 2023; Garsous et al., 2017), but they often

neglect the spillover dynamics between municipalities (Resende, Silva, and Silva Filho, 2017).
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The results of the main estimation indicated that all the instruments analyzed had posi-
tive and significant impacts on municipal economic growth. The FNE had direct and indirect
positive effects, with impacts distributed across the agricultural, service, and industrial sectors.
The FDNE showed significant effects, especially in industry, suggesting that investments in
infrastructure and industrial transformation play a crucial role in regional economic growth.
Tax incentives, in turn, had a significant influence on agriculture, indicating that tax relief may
have driven the sector's expansion. Robustness tests confirmed the consistency of the results,
highlighting the persistence of the positive effects of the FNE and tax incentives in different
specifications.

The sectoral analysis reinforced the differentiated scope of the instruments. The FNE
had more significant impacts on agriculture and services, while the FDNE and tax incentives
proved to be more relevant for industrial growth. In addition, spatial spillovers were identified,
especially for tax incentives and the FDNE, indicating that their effects extend beyond the mu-
nicipalities directly benefited, generating economic externalities for neighboring regions.

The study's findings have important implications for public policy formulation. First, they
reinforce the need for strategic targeting of resources to regions with lower economic dyna-
mism in order to maximize their impact. In addition, they highlight the importance of regional
coordination in the allocation of investments, optimizing spillover effects. The distinction be-
tween sectoral impacts suggests that policies more tailored to local characteristics may be more
effective in promoting growth.

Although this study has made relevant contributions, some issues could be improved
in future research. The analysis covers the period from 2003 to 2019, enabling a detailed as-
sessment of the impacts of PNDR instruments, but does not consider more recent structural
changes. In addition, the spatial approach used was effective in capturing spillover effects (),
although causal identification could be complemented by alternative methods, such as approa-
ches based on instrumental variables. Future studies could expand this analysis to other regions
of the country and explore new regional development instruments, allowing for an even deeper

understanding of the effectiveness of public policies in reducing regional inequalities.
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APPENDIX

Appendix A - Choice of spatial weight matrix

Type Tower Tower Queen Queen
Neighbors 1 2 1 2
I-Moran 5829 6569 a0.62 63,098
p-galue 00000 ~ 0.0000 0.0000 0.0000
Source: Research results. Note: "p-value < 0.05,
Appendix B — Diagnostics of the panel data model.
Test Statistic p-value Conclusion
Hausman (1978) 4368.13 0.0000 Fixed Effects
Levin-Lin-Chu (2002) -906.325 00000 ‘Dsenceof ”;g:’a‘m'” Dependent
I-Moran (1948) 14417  0.0000 Spatal depenceris (Spakal

autocorrelation) exists

Source: Research rasults. Note: *p-value < (.05,

Appendix C - LR test for comparing spatial models.

Restricted Maodel (HO)

OLS  SAR  SEM  SLX _ SAC _ SDM _ SDEM
(R 2368
SAR 1
pvalue 0000
- L;t 2637.16
ouT p-value  0.000°
LR TiT.64
s gl g
pvalue  0.000"
Custo LR 336138 00238 B2422
Uvest Tt 921
eted ' pualie  0000" 0000  0.000
Mode! 18182
LR 25858 2269 5874 '
SOM &
gl 9 g g 1
pvalue  0.000° 0000 0000 0000
LR 2584 94 al . T8 18073
o= 9 8 1
M pvae  0.000° 0.000° __ 0.000
LR 526,32 122?.3 1*]\5“3.1 2&-133.5 264.54 11]321].4 1|.'HB|.3
GNR
g 10 9 o 2 g g 1
pvalve  0000° 0000 0000 0000 0000 0000  0.000°

Source: Prepared by the authors, Mote: “p-valug < (.05,
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