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Abstract
Despite being the second most populated region in Brazil,
the Northeast has persistently accounted for a small share
of national income. A well-known attempt to develop the
region was made in 1959 with the creation of SUDENE, a
big push type of place-based policy resulting in an intensification of industrial investments. Historical data sets
are used to make comparable input–output tables at a 31
sector level for 1959 and 1980, and input–output analysis
is applied to appraise transformations. Developments in
the following decades are also discussed. The main focus
is on changes in the interdependence among sectors in
the region, the sectors' dependency on the rest of Brazil,
and the sectors' contributions to the regional economy in
terms of value added. From the first decades, the main
finding is an unintended trade-off between production
growth and employment performance. Over the 1990s
and turn of the century, although the economy diversified, dependence on inputs from the rest of Brazil also increased. Also, manufacturing sectors continued to be less
capable of generating value added. Given persistent regional inequalities, levelling up attempts require a more
encompassing approach including investing in human
capital and addressing differential access to power.
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I N T RO DU CT ION

Despite being one of the largest emerging economies, Brazil is also one of the most polarized
societies in terms of the income distribution. This polarization is especially visible at a regional
level, with the Northeast providing the most striking contrast when compared to the rest of
Brazil, particularly the affluent South and Southeast (see, e.g. Amann, 2017; Azzoni, 2001;
Azzoni & Haddad, 2018; Rands Barros, 2018).1 Even though the Northeast is the second most
populated, surpassed only by the Southeast, it has persistently accounted for a small share of
national income (Rands Barros, 2018). For example, in 1940, its population share was 35% while
the Southeast's was 44% (Baer, 2014).2 In stark contrast, in 1949, the Northeast accounted for
14.1% of national income, while the Southeast accounted for 66.5%; a decade later, it continued to account for only 14.1% of national income (Baer, 2014). Regional disparities have been
persistent throughout the second half of the 20th century up to this day, making it an ever-
present development challenge (Amann, 2021; Araújo, 2004; Azzoni & Haddad, 2018; Rands
Barros, 2018; Rocha, 1997, 2019).
Even though regional equity as a policy goal has usually not been a top priority of the
Brazilian government, there was a well-known attempt of levelling up via a “big push” place-
based policy in 1959 with the creation of the Superintendency for the Development of the
Northeast (SUDENE—Superintendência do Desenvolvimento do Nordeste). This governmental
agency promoted industrial development in the Northeast through a special tax incentive law
(known as Law 34/18) during the 1960s–1970s, which permitted firms to use up to 50% of
taxes due to the Federal government for investment in the region (Kutcher & Scandizzo, 1981).
The largest investments from 1960 to 1978 targeted what were considered high-growth sectors,
such as metallurgy, machinery, electrical goods, and transport equipment, which accounted
for around 26% of investments; other large investments (around 33%) went to chemical products and pharmaceuticals, while others (around 21%) went to the more traditional sectors
such as textiles, clothing, and leather products (Edwards, 1983; Goldsmith & Wilson, 1991;
SUDENE, 1980).3
The main objective was to transform the Northeast from a lagging region into an autonomous
industrial centre that would create sources of employment and encourage regional economic
growth (Araújo, 2004; Baer, 2014; SUDENE, 1980).4 Did this big push initiative result in significant transformations in the region during this important historical period and decades that
followed? There is limited empirical research on this, reflecting that the efficacy of place-based
policies is particularly challenging to evaluate, such as difficulties in establishing counterfactuals and causal inference (cf. Duranton & Venables, 2021; Neumark & Simpson, 2015). Despite
challenges, as such policies often require significant investments, it is germane to examine if
they had the intended effect or could be put to better use in future endeavours to tackle regional
inequalities (Duranton & Venables, 2021).
To appraise the effectiveness of this large-scale regional policy, this paper investigates whether
sectors within the region became more interdependent or reliant on the rest of Brazil as well as
whether sectors contributed more (or less) to the regional economy in terms of value added. The
former is relevant since one of the main aims of the intensification of industrial investments was
to help the Northeast become more self-sufficient, while the latter is argued to be a more encompassing measure of performance than total output generation.5 The empirical method applied
is input–output (I–O) analysis, which was possible due to previous research and historical data
sets from 1959 to 1980 (cf. Barros & Guilhoto, 2009, 2014; Silva, 1992). For this purpose, these
are made into comparable I–O tables at a 31 sector level. First, so-called backward and forward
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linkages are quantified, providing evidence on how the interdependence of the sectors evolved.
Import multipliers are also calculated indicating the reliance on the rest of Brazil as well as
value-added multipliers to appraise the broader performance. For developments in the following
decades, insights from Guilhoto et al. (2010) are also discussed.
The rest of this paper is organized as follows. First, the methodology used to appraise the effectiveness of the place-based policy in Northeast Brazil is outlined. Then, the original data sets
in Section 3 are described, including work carried out to make them comparable between the
years. With this essential latter step enabling us to proceed to the empirical analysis, Section 4
presents and discusses the results, followed by concluding thoughts.

2

|

M ET H ODOLOGY

I–O analysis is a framework to analyze the flows of products from each of the sectors as a seller/
producer to each of the sectors as a buyer/purchaser in an economy (Leontief, 1941; Miller &
Blair, 2009). The method has both well-known advantages and limitations. It is a demand-driven
model,6 and two main assumptions are constant returns to scale in production and a fixed input
structure in each sector.7 Despite these limitations, there are also valuable aspects in this context.
Interregional linkages are made specific by sector in the supplying regional economy and by sector in the receiving regional economy (cf. Miller & Blair, 2009). This in turn allows to calculate
different metrics, such as import multipliers, to empirically appraise the questions raised vis-à-
vis the regional policy effects.
In I–O analysis, the Leontief quantity model is given, in matrix notation, by x = Ax + f.8
Gross output x is the sum of all intermediate demand Ax and final demand f. The reduced
form of the model is x = Lf, where L = (I − A)−1 is the Leontief inverse and I is the identity matrix.9 Its typical element lij denotes the output in sector i that is required, directly and indirectly,
to satisfy one unit of final demand in sector j. As aforementioned, the model is demand driven,
and the direct effects measure an increase in the output of a product as a response to an increase
in final demand for that product. Indirect effects arise from changes in the activity of suppliers;
as producers increase their output, an increase in demand on their suppliers occurs and causes a
ripple effect in the economy.
This paper analyzes backward linkages based on the Leontief model and forward linkages
based on Ghosh's (1958) supply-driven IO model. In the former, dependency has a backward
nature; for example sector j depends on sector i when its input requirements rely on sector i. To
capture the direct and indirect linkages, L = (I − A)−1 is used; the column sums of the Leontief
inverse are the total backward linkage measures, that is output multipliers. For example, if there
is a stimulus of one dollar in final demand for product j, this generates an increase in the total
output of all the production sectors by ∑i lij. In matrix notation, the row vector of output multipliers is defined as m(o) = i′L, where i′ is the summation vector of ones.
As total output generation does not provide a full picture of a sector's contribution to an economy, value added (v) and import multipliers are also analyzed, that is the extra value of one
dollar of value added (or imports) as required for one extra dollar of final demands in a particular sector. For measuring forward linkages, it has been suggested to use the Ghosh model. To
account for both direct and indirect effects, the row sums of the Ghosh inverse G = (I − B)−1
provide a measure of total forward linkages, where B is the direct output coefficients matrix.10
Element gij denotes the increase in gross output in sector j by gij dollars as a result of a price or
cost change (e.g. a wage increase) in sector i, thus reflecting seller's dependence.11
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DATA

The construction method for the 1959 data is discussed in Barros and Guilhoto (2009, 2014)
based on Van Rijckeghem (1967) and the 1980 data based on Silva (1992).12 The formats are interregional I–O (1959) and Supply and Use (1980) tables (SUTs). Since the main aim is to analyze
the evolution of the interdependence in the structure of production of the region, it is pertinent
to make them comparable. Figure 1 provides a flowchart summarizing the steps to obtain comparable I–O tables, with details on the data and process in the Appendix.
In the interregional table (see Figure 2), the elements of the matrix Zrr represent the intraregional flows (e.g. from Northeast sector i to Northeast sector j). The Rest of Brazil (RoB) is
expressed as regions s with intraregional flows denoted Zss. The other components of the table
include Zrs, whose elements are the interregional flows from region r to region s, and Zsr (interregional flows from s to r). The total gross output for region r includes the sum of three components: intermediate demand of region r (intraregional interindustry sales), intermediate demand
of region s (interregional interindustry sales), and the final demand for output produced in the
region.13 For comparability, the tables are at the 31 sector level (see Table A1) and considering
the aim of the paper, the Zsr matrix is treated as imports from the RoB to the Northeast and the
Zrs matrix as exports from the Northeast to the RoB.
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R E S U LTS

Before presenting and discussing the results, it is notable to observe the transformations that
occurred in the share of sectors' total output. The large shifts in agriculture, construction, transportation, and services over just two decades are notable. In 1959, agriculture accounted for
around 27.7% of the total output of the regional economy; however, in 1980, this declined to
around 11.8% (see Table 1). This decrease reflects industrialization trends as when a region is

FIGURE 1

Obtaining comparable data sets
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Structure of interregional I–O table

developing, the contribution of agriculture to output usually decreases, while manufacturing
and service sectors eventually tend to account for a larger share of total output (see, e.g. Martin
& Warr, 1990, 1993; Ray, 1998; Todaro & Smith, 2012). Although more gradual, it also emerges
that some manufacturing sectors such as metallurgy and electrical goods experienced a small
increase in their output shares. Other manufacturing sectors such as non-metallic minerals and
chemical products also experienced slightly increased shares of total output over this period.
Since value added has been argued to be a better measure of a sector's contribution to the
economy capturing the difference between total output and cost of intermediate inputs, sectors'
shares are reported in the last two columns (cf. ten Raa, 2005). The agricultural sector also experienced a drastic decline in its share of value added, from 38.6% to around 16%. Services also
experienced a large change, but unlike agriculture, a positive one from around 20.6% to 31.8%
and its share in total output also rose. The other large shifts occurred in the construction and
transportation sectors. The former rose from 6.8% to approximately 14.8%, while the latter decreased from 11.8% to 3.4%.
Although the increasing prominence of the construction sector is expected due to the industrialization during the period, the large decline in transportation is most likely related to the oil
shocks during the period (1973–1974 and 1979).14 Comparing the changes in sectoral percentage
distributions of output and value added, they show a similar pattern. The Wastes and Fuels sector
have zero values for 1959 due to the compilation of the original data; these inherent limitations
due primarily to data availability are discussed in detail in Barros and Guilhoto (2009, 2014). In
decades that followed up to the early turn of the century, the service sector became the most relevant in terms of share of value added; the manufacturing sector also played an important role
reflecting ongoing industrialization but continued to account for a smaller share in total output
and value added compared to the rest of Brazil (cf. Guilhoto et al., 2010).15 Despite agriculture
being the main source of income for a large share of the population, the sector continued to have
low value-added shares of <8% in most of the states (Guilhoto et al., 2010).
From the large shifts in output and value-added shares presented above, it is evident that
the regional economy of the Northeast went through significant changes. However, the main
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TABLE 1

Sectors' shares of output and value added
Output

Agriculture

Value added

1959

1980

1959

1980

%

%

%

%

27.67

11.77

38.60

15.97

Extractive industry

1.53

1.04

2.20

1.39

Nonmetallic minerals

1.28

1.69

1.20

1.51

Metallurgy (iron and steel)

0.17

1.00

0.10

0.09

Metallurgy (others)

0.34

1.43

0.30

0.07

Machinery

0.04

0.45

0.02

0.22

Electrical goods

0.03

0.53

0.02

0.50

Transport equipment

0.16

0.16

0.12

0.09

Wood

0.35

0.41

0.25

0.35

Furniture

0.31

0.47

0.24

0.45

Paper

0.39

0.47

0.25

0.34

Publishing

0.32

0.20

0.27

0.14

Rubber

0.08

0.16

0.05

0.06

Chemical products

3.49

3.18

2.34

1.97

Fuels

3.80

5.81

0.00

3.07

Pharmaceuticals

0.06

0.09

0.04

0.07

Perfumery

0.45

0.21

0.19

0.10

Plastics

0.01

0.49

0.00

0.40

Textiles

6.87

3.27

3.95

1.97

Clothing

0.48

1.02

0.33

0.91

Leather

0.45

0.15

0.34

0.04

Food

8.50

7.28

4.15

3.63

Tobacco

0.66

0.25

0.49

0.18

Beverages

0.54

0.52

0.42

0.32

Miscellaneous

0.06

0.16

0.06

0.17

Electric energy

0.40

1.43

0.38

0.40

Wastes

0.07

0.22

0.00

0.26

Construction

6.80

14.82

2.88

15.76

Commerce

7.20

9.94

9.01

14.54

Transportation

11.81

3.35

11.16

3.19

Services

15.67

28.02

20.64

31.82

Note: The contribution of each sector to the Northeast's total output and value added is calculated from the comparable data
sets described in Section 3.

questions raised in this paper have yet to be answered, which are the following: (1) did sectors in
the region become more interdependent (i.e. develop stronger linkages) or become more reliant
on the rest of Brazil? and (2) did sectors contribute more (or less) to the regional economy in
terms of value added? To answer the first part of question one, the measurements outlined in

HALLECK VEGA

  

|

7

the Methodology section for backward and forward linkages yields the results in Figures 3 and 4.
These are also called output multipliers, and to distinguish between them, the terminology suggested by Dietzenbacher (2002) will be used: backward and forward output multipliers.
The sectors that showed the largest increases in their backward output multipliers were from
greatest to least: electric energy, leather, metallurgy, tobacco, textiles, publishing, services, chemical products, perfumery, food, and agriculture. This indicates that these sectors became more dependent on inputs sold by sectors within the region. Furthermore, in addition to accounting for
the greatest increases, these sectors also have some of the largest multipliers (many above two)
meaning that if there were a one cruzeiro increase in the final demand for the products of these
sectors, this would increase the total output value of all production sectors by more than two cruzeiros. It is noteworthy that many of the sectors that were targeted by investments in the 1960s–
1970s are among those with both stronger backward linkages and those whose linkages increased
the most from 1959 to 1980, such as metallurgy, chemical products, textiles, and leather.
A surprising result is that agriculture also has a higher backward output multiplier as
during this period it was not of ultimate importance in the development agenda (Baer, 2014).
Additionally, agriculture particularly subsistence agriculture, which is prominent in the region,
has been characterized by a scarcity of linkage effects (see, e.g. Hirschman, 1958). The implication is that agriculture may have been underestimated as an important sector to stimulate growth
in the regional economy (Araújo, 2004; Damiani, 1999). This reflects a critique of the ‘big push
model’ concept from development economics focussing more on industrialization than the often
vital agricultural sector in less-developed regions (e.g. see Azzoni & Haddad, 2018; Furtado, 1964;
Rands Barros, 2018). Challenges vis-à-vis semi-arid conditions and recurrent droughts could
have been a factor, with droughts in 1952 and 1958 also serving as a catalyst for the formation of
SUDENE (Brooks, 1973, 1982; Campos, 2015; de Andrade Correia, 1977). Nevertheless, it is also
relevant to highlight the lack of agrarian reform despite proposals during the 1960s and following decades, exacerbating problems of land concentration throughout especially rural areas and

F I G U R E 3 Sectors' backward output multipliers. Note: These are also known as backward linkages, and the
calculations are based on the Leontief model outlined in Section 2 for 1959 and 1980
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F I G U R E 4 Sectors' forward output multipliers. Note: These are also known as forward linkages, and the
calculations are based on the Ghosh model outlined in Section 2 for 1959 and 1980

ingrained inequalities since the region's early colonization in the 16th century (Araújo, 2004;
Rands Barros, 2018).
The forward output multipliers for 1959 and 1980 are presented in Figure 4. They show greater
variation ranging from 1.04 (clothing) to 2.52 (paper) in 1959 and 1.06 (clothing) to 2.67 (electric
energy) in 1980. Among those sectors that demonstrated the largest increases in forward output
multipliers are plastics, publishing, electrical goods, machinery, agriculture, food, beverages, and
transportation. This signifies that they became more dependent on sectors within the region as
buyers of their output. The fact that there are several higher output multipliers in 1980 reflects
greater interdependence among sectors (stronger links), which was one of SUDENE's main objectives, that is to transform the Northeast's economy into an autonomous industrial centre.
However, there is variation between the backward and forward linkage measures. Only four
sectors demonstrate decreased dependence on other sectors as buyers of their products, whereas
12 sectors show decreased dependence on other sectors for inputs. This indicates that increased
industrial investments in the region also resulted in capital flowing out due to firms purchasing
imported intermediate inputs. For example, sectors such as electrical goods and machinery had
weaker backward linkages. From the import multiplier columns in Table 2, it can be observed
that these sectors did, in fact, become more dependent on external sources for inputs in their
production processes, which is reflected by the import multipliers. Since the second part of the
first key question regards the Northeast's dependency on the rest of the country, the import multipliers are presented separately as imports from the rest of Brazil (RoB) and imports from the
rest of the world (RoW). The import multiplier (RoB) for machinery, for example increased from
around 0.13 in 1959 to 0.32 in 1980 meaning that in 1980, each additional cruzeiro of final demand implied that imports from the RoB increase by 0.32 cruzeiro. The electrical goods sector's
import multiplier increased from 0.12 to 0.20.
Other sectors in the Northeast that became more dependent on the rest of the country
were both of the metallurgy sectors, transport equipment, paper, rubber, chemical products,
pharmaceuticals, clothing, and leather. It is interesting that metallurgy (iron and steel) has a
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Value-added and import multipliers
Value added

Imports RoB

Imports RoW

Imports RoB

1959

Imports RoW

1959

1980

1980

Agriculture

0.950

0.925

0.040

0.010

0.056

0.019

Extractive industry

0.945

0.867

0.030

0.025

0.095

0.038

Nonmetallic minerals

0.839

0.833

0.110

0.051

0.154

0.012

Metallurgy (iron and
steel)

0.693

0.462

0.107

0.200

0.420

0.118

Metallurgy (others)

0.772

0.310

0.146

0.081

0.591

0.098

Machinery

0.711

0.619

0.135

0.154

0.322

0.060

Electrical goods

0.798

0.673

0.122

0.080

0.202

0.125

Transport equipment

0.768

0.661

0.168

0.065

0.272

0.067

Wood

0.863

0.711

0.067

0.070

0.282

0.007

Furniture

0.756

0.818

0.172

0.072

0.168

0.014

Paper

0.792

0.735

0.151

0.057

0.253

0.012

Publishing

0.769

0.758

0.198

0.033

0.200

0.042

Rubber

0.847

0.625

0.105

0.049

0.280

0.095

Chemical products

0.720

0.684

0.133

0.147

0.163

0.153

Fuels

0.516

0.525

0.296

0.189

0.309

0.166

Pharmaceuticals

0.775

0.771

0.108

0.118

0.172

0.057

Perfumery

0.678

0.698

0.165

0.156

0.216

0.085

Plastics

0.750

0.764

0.094

0.156

0.169

0.067

Textiles

0.798

0.857

0.165

0.038

0.121

0.022

Clothing

0.849

0.813

0.129

0.022

0.172

0.015

Leather

0.869

0.676

0.090

0.041

0.293

0.031

Food

0.818

0.745

0.151

0.032

0.134

0.120

Tobacco

0.780

0.902

0.210

0.010

0.084

0.014

Beverages

0.862

0.823

0.108

0.031

0.121

0.055

Miscellaneous

0.822

0.867

0.119

0.059

0.115

0.018

Electric energy

0.911

0.816

0.064

0.025

0.145

0.039

Wastes

0.373

0.886

0.488

0.139

0.085

0.030

Construction

0.625

0.837

0.336

0.039

0.141

0.022

Commerce

0.962

0.932

0.032

0.005

0.044

0.024

Transportation

0.726

0.778

0.242

0.032

0.174

0.048

Services

0.918

0.907

0.076

0.006

0.082

0.011

Note: These multipliers indicate the extra value of imports or value added as required for one extra cruzeiro of final demands in
a particular sector.

high backward output multiplier (2.25) and also a high value for its import multiplier (0.42).
Therefore, it had both a strong capacity of generating output in the region and also a strong
dependence on imports from the rest of Brazil. In fact, most of the sectors that received a large
share of investments are characterized by strong linkages within the Northeast and also by an
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increased dependency on the rest of the country. Alternatively, this interdependence could be
due to increased connections with the rest of Brazil resulting from, for example improved road
networks.16 The notable exceptions in terms of higher import multipliers are textiles and the construction sector; for the former, this decreased from 0.16 to 0.12, and for the latter, the decrease
was larger, from 0.34 to 0.14.
The lower import multipliers, in turn, means that textiles and especially construction had
greater value-added multipliers, which are presented in the first columns of Table 2. This means
that these sectors had a stronger buyer's dependence on, for example labour. This is why it is
thought to be a better measure of a sector's contribution to the economy, capturing the actual
value that is added by a sector in engaging in production (i.e. the difference between a sector's
total output and the cost of its intermediate inputs). As can be observed, most sectors' value-
added multipliers decreased meaning that less labour, for example, was required for one extra
cruzeiro of final demands. The largest decreases were in the metallurgy sectors, machinery, electrical goods, transport equipment, wood, rubber, chemical products, and leather.
Most revealing is that sectors allocated more investments, such as metallurgy and electrical
goods, exhibited the largest decreases in their value-added multipliers from 1959 to 1980, with
the exception being the more traditional textiles sector and pharmaceuticals. Therefore, despite
the overall stronger linkages (both forward and backward), the value added (including labour and
other primary inputs) generated in the region by these (and most) sectors did not change much
and even decreased. One of the expected outcomes of sectoral investments was the creation of
new sources of employment in the Northeast. However, these findings corroborate earlier studies (see, e.g. Araújo, 2004; Baer, 2014; Goldsmith & Wilson, 1991; World Bank, 1987) concluding
little was done to solve this region's long-standing employment problem, and relatedly, poverty
and inequality.
It should be noted, however, that evaluating all direct and indirect effects of a place-based
policy is challenging and generally infeasible (cf. Duranton & Venables, 2021; Neumark &
Simpson, 2015). Though the I–O analysis using data from 1959 and 1980 provides interesting
insights, several factors of economic growth, such as research and development, adoption and
diffusion of different technologies and production methods, and new access to markets, are long-
term processes. Given these aspects of capital accumulation, also encompassing depreciation
and replacement of capital goods, the two time points are not able to capture the full effects of
the investments in those years in Northeast Brazil.17
Over the 1990s and turn of the century, Guilhoto et al. (2010) find that while the Northeast
economy became more diversified as some sectors consumed more inputs from the region itself, dependence on inputs from outside the region also increased.18 In particular, the regional
economy remained relatively less developed in the production of industrialized goods such as
machines, chemical products, electronics, and transport equipment from 1990 to 2004 (Guilhoto
et al., 2010). For example, even though the automobile sector had a strong demand for inputs,
these mostly came from firms located in the Southeast; thus, the reliance on the rest of Brazil still
remained during these later years (Guilhoto et al., 2010). Even in sectors related to agricultural
activities, there was also overall dependence on the rest of Brazil, except for sectors related to
services and commerce (Guilhoto et al., 2010). This long-standing lack of self-sufficiency entails
the risk that potential benefits of inward investments are not being sufficiently internalized by
the region (Amann et al., 2017; Azzoni & Haddad, 2018).
In terms of value-added generation in these following decades, commerce comprised of
wholesale and retail trades had the highest multipliers.19 Also of increasing importance in this
respect was the tourism industry including food, real estate and services, as well as construction
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that is highly dependent on labour (Guilhoto et al., 2010). Construction was also particularly one
of the sectors where the value-added multiplier increased in the span of two decades after the
creation of SUDENE. Regarding textiles, which also emerged as such a sector from the analysis of
earlier decades, the manufacture of leather goods and textile products continued to be important
in the capacity to generate jobs (Guilhoto et al., 2010). Conversely, manufacturing sectors such as
machinery, electrical goods, food processing, metallurgy and chemical products continued to be
less capable of generating value added as in the previous decades. A related finding is highlighted
in a study focusing on regional impacts of structural change in the automotive industry in Brazil
since the 1990s, where plant installation and operation in other regions results in a significant
portion of value added going to the state of São Paulo with a higher concentration of automotive
components production (Amann et al., 2017).20
Although regional policies such as SUDENE result in transformations, it is necessary to have
complementary policies in order to mitigate benefits escaping the targeted areas. This calls to
go beyond fiscal incentives and strengthen capacity building, including investing in and retaining human capital (see, e.g. Amann et al., 2017; Azzoni & Haddad, 2018; Ferreira, 2004; Rands
Barros, 2018; Resende, 2013). It is evident from the findings of this study that tax incentives do
not suffice. A particular issue is the continued reliance on the rest of Brazil, especially the more
affluent Southeast and South regions, and a strategy could have been to further develop those
sectors with the most potential in terms of forward linkages. A more integrated approach covering sustained investment in infrastructure, planning, land, and building regulations has also
been raised regarding a more effective design and implementation of place-based policies (e.g.
see Amann et al., 2017; Duranton & Venables, 2021).
The dire imbalances in investment in human capital is also a key issue, including inclusive educational policy and skills training programs (Duranton & Venables, 2021; Azzoni &
Haddad, 2018; Rands Barros, 2018). The lack of attention on social inequalities has been criticized (see, e.g. Resende, 2013), with questions raised on people-based versus place-based policies
in the context of Brazil (cf. Azzoni & Haddad, 2018). Given persistent regional inequalities despite more people-based policies over the recent decade, the issue remains contested (Azzoni &
Haddad, 2018). This study shows that there are some positive aspects of such a big push regional
policy, but it is clear that levelling up attempts require a more encompassing approach to prevent
unintended consequences such as in terms of value added, investing in human capital, and more
generally tackling ingrained inequalities.

5

|

CO N C LUSION

The Northeast has persistently lagged behind the rest of Brazil. A major attempt to develop
the region was made in 1959 with the creation of the governmental agency SUDENE. This was
an important example of a big push type of place-based policy. The result was an intensification of industrial investments in the region in the following decades. This paper appraises
whether significant transformations occurred in the Northeast's economy during and after
this historical planning era. The main focus is on changes in the interdependence among sectors in the region, the sectors' dependency on the rest of Brazil, and the sectoral contributions
of value added. The effectiveness of these kinds of policies are difficult to evaluate but can be
valuable to do since lessons can be learned from the past and reducing regional disparities in
Brazil is still an important and unsolved challenge (see, e.g. Azzoni & Haddad, 2018; Rands
Barros, 2018).
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To address the challenge, historical data sets are used to make comparable I–O tables at a
31 sector level for 1959 and 1980. This allows us to apply I–O analysis, where interdependence
is measured by calculating backward and forward linkages. Due to inherent limitations of capturing the full effects of the investments from these two time points, insights from Guilhoto
et al. (2010) on developments over the following decades are also incorporated in the discussion.
From the first decade, it is found that many of the sectors targeted by investments in the 1960s–
1970s had both stronger backward linkages and the largest increases in these linkages from 1959
to 1980, such as metallurgy, chemical products, leather, and textiles. The sectors that demonstrated the largest increases in forward linkages also included those targeted by investments such
as electrical goods and machinery. Therefore, overall, sectors became more dependent on inputs
sold by production sectors within the region as well as more dependent on production sectors
within the region as buyers of their output.
However, sectors also became more dependent on the rest of Brazil as was observed from the
results of the import multipliers. This could also be a reflection of improved, for example, road
connections and it would be germane to further explore the implications of infrastructure connectivity over time. A revealing result was that sectors allocated more investments had the largest
decreases in their value added multipliers from 1959 to 1980, with the exception of textiles and
pharmaceuticals. From a policy perspective, this is interesting since it depends on what the government wants to accomplish. Over the 1990s and turn of the century, although the Northeast's
economy diversified, dependence on inputs from the rest of Brazil also increased (Guilhoto
et al., 2010). Manufacturing sectors also continued to be less capable of generating value added,
although there were positive developements vis-à-vis commerce and service sectors. Overall, the
findings point towards a lack of self-sufficiency, and thus concerns of the intended benefits flowing out of the region (cf. Amann et al., 2017; Azzoni & Haddad, 2018; Guilhoto et al., 2010).
In terms of place-based policies, government efforts are usually aimed at enhancing the economic performance of specific areas. Since underperforming regions are often also those areas
experiencing high unemployment, improving employment is generally a priority. In the case of
this planning period, encouraging both regional economic growth and creating sources of employment was an objective (see, e.g. Amora, 1994; Baer, 2014; Garmany, 2011; SUDENE, 1980).
However, as observed from the results, there is a trade-off between those sectors (e.g. metallurgy)
with high output multipliers but low value-added multipliers. Northeast industrial development
could have also generated relatively few jobs in the wider region due to firms and investments
being concentrated in larger cities such as Salvador and Recife, thus reinforcing unequal distributions of production growth within the region itself (cf. Baer, 2014). Guilhoto et al. (2010) also
note that for industrial activities in general, these are concentrated in the metropolitan regions of
Recife, Salvador, and Fortaleza.
It is incumbent to critically appraise how these types of regional policies can potentially result
in unintended consequences. Further in-depth analyses on the potential for more encompassing approaches merging elements of place-based and people-based policies would be germane.
In addition to Brazil, other Latin American countries experience persistent inequalities often
starkly visible at the regional level, and a comparison with other experiences could also be insightful (e.g. Plan Belgrano in Argentina; cf. Duranton & Venables, 2021). It is also important to
acknowledge that both place-based and people-based policies generally build on existing frameworks, which includes systems that have caused or maintained inequalities such as unjust or inadequate public policies and laws (cf. Arnold et al., 2021; Long & Rice, 2019). It is thus crucial to
address issues of social vulnerability and differential access to power, knowledge, and resources
which can have a big impact on policy agendas (see, e.g. Matin et al., 2018; Rands Barros, 2018).
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ENDNOTES
1

Brazil consists of five macro-regions: North, Northeast, South, Southeast, and Centre-West; see, e.g. the Brazilian
Institute of Geography and Statistics (IBGE—Instituto Brasileiro de Geografia e Estatistica).

2

The total population of Brazil in 1940 was around 41,236,000 (Baer, 2014). The other regions account for a small
share, especially the North. Notably, the South has accounted for higher shares of national income than the
Northeast despite its much smaller population.

3

This data are only available as percentage shares. However, there is evidence that from 1962 to 1970, there was
a total projected investment of US$1.4 billion, in 1961 prices (Baer, 2014).

4

During the period, there was the 1964 coup and military dictatorship; public investments continued to be directed towards the Northeast's economy (see e.g., Araújo, 2004). See also e.g., Baer (2014) for more political
background.

5

Hirschman (1973) characterized the Northeast as a dependent “poor relative” and stated that this situation was
only likely to change if regional growth became an urgent policy goal of the government.

6

There are also alternatives such as the Ghosh model, to be discussed.

7

This fixed input structure is described by fixed technical coefficients (see Appendix). Regarding material input
requirements, these tend to change slowly, but this can be less the case for other factors of production such as
labour, more details in McLennan (1995) and Miller and Blair (2009).

8

See Appendix for details. Although the model is based on quantity changes, results can be interpreted in
money terms since prices of the products are assumed fixed. In fact, accounts are generally kept in monetary
terms since there are measurement problems in recording sales and purchases in physical terms (Miller and
Blair, 2009).

9

The identity matrix contains ones on the main diagonal and zeros elsewhere.

10

Further details are in the Appendix.

11

Note that these forward linkages are also like the output multipliers (backward linkages) in that they also result
in an increased output value, with the exception that it is due to an increase in the primary costs. The terminology can be confusing and in the Results section, the terms “backward output multipliers” and “forward output
multipliers” suggested by Dietzenbacher (2002) will be used.

12

Acknowledgement to Joaquim Guilhoto and Gustavo Barros for providing this data for both years.

13

For example, fr includes Northeast household consumption of the Northeast's sector i products, the RoB's
household consumption of the Northeast's sector i products, as well as exports of the Northeast's sector i products to the rest of the world.

14

The 1970s energy crisis—in particular, the 1973 oil shock and 1979 energy crisis—in which petroleum prices
peaked substantially had wide-ranging impacts and compared to previous recessions was marked by stagflation. As major shocks tend to have longstanding effects, in the wake of the 1970s crises came the early 1980s
recession.

15

In particular, public administration, health, and education which in itself accounted for over 20% in most states
(Guilhoto et al., 2010).
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Thanks to the reviewer for this observation, among other relevant ones throughout the paper. It would be interesting to combine different methods and data in another study to explore the implications of (improvements)
in transportation networks and other changes in modes of connections within and between regions in the
Northeast and the rest of Brazil.

17

Thanks to the reviewer for raising these points that are germane to keep in mind.

18

Details are in Guilhoto et al. (2010, p. 77, 115).

19

See in particular, Guilhoto et al. (2010, p. 84).

20

For example, it is shown that in the phase when the production plant is implemented, if it is located in the
Northeast, almost half of the value added goes to the state of São Paulo; in the operation phase, around a quarter
(Amann et al., 2017).

21

The construction of I–O tables is challenging due to the detailed data that are needed. Usually, the basic data are
derived from social accounting data compiled in the form of a system of national or regional economic information collected by means of a period census. For a comprehensive overview, see Miller and Blair (2009, ch. 4).

22

i is a column vector of 1s. Post-multiplication by i results in a column vector whose elements are the row sums
of the matrix.

REFERENCES

Amann, E. (2017). Brazil and its development challenges: A personal view. Inaugural lecture, Leiden University.
Amann, E. (2021). The Brazilian economy: Confronting structural challenges. Routledge.
Amann, E., Haddad, E. A., Perobelli, F., & Guilhoto, J. (2007). Structural change in the Brazilian automotive industry and its regional impacts. Latin American Business Review, 7(3–4), 97–119.
Amora, Z. B. (1994). Aspectos Históricos da Industrialização no Ceará. In S. Souza (Ed.), História do Ceará (2nd
ed., pp. 121–128). Fundação Demócrito Rocha.
Araújo, T. B. (2004). Northeast, northeasts: What northeast? Latin American Perspectives, 31(2), 16–41. https://doi.
org/10.1177/0094582X03261184
Arnold, C. A., Williams, R. D., Pederson, H., Schuhmann, A., Ernstberger, A., de Melo Cartaxo, T., Cafferty, C.,
Gore, T., Mains, J., Mattingly, K., & Banda-Cruz, L. (2021). Resilience justice and community-based green and
blue infrastructure. William & Mary Environmental Law and Policy Review, 45 (3), 665–737.
Azzoni, C. (2001). Economic growth and regional income inequality in Brazil. The Annals of Regional Science, 35,
133–152. https://doi.org/10.1007/s001680000038
Azzoni, C., & Haddad, E. A. (2018). Regional disparities. In E. Amann, C. Azzoni, & W. Baer (Eds.), The Oxford
handbook on the Brazilian economy (pp. 1–27). Oxford University Press.
Baer, W. (2014). The Brazilian economy: Growth and development (7th ed.). Lynne Rienner Publishers.
Barros, G., & Guilhoto, J. (2009). An Interstate Input-Output Matrix for Brazil 1959. Economics Department,
University of São Paulo.
Barros, G., & Guilhoto, J. (2014). The regional economic structure of Brazil in 1959: An overview based on an
interstate input-output matrix. Revista Brasileira de Economia, 68(3), 317–335. https://doi.org/10.1590/S0034
-71402014000300002
Brooks, R. H. (1973). Drought and public policy in northeastern Brazil: Alternatives to Starvation. The Professional
Geographer, 25(4), 338–346. https://doi.org/10.1111/j.0033-0124.1973.00338.x
Brooks, R. H. (1982). The adversity of Brazilian drought. GeoJournal, 6(2), 121–128.
Campos, J. N. B. (2015). Paradigms and public policies on drought in Northeast Brazil: A historical perspective.
Environmental Management, 55(5), 1052–1063. https://doi.org/10.1007/s00267-015-0444-x
Damiani, O. (1999). Beyond market failures: Irrigation, the state, and non-traditional agricultural in Northeast
Brazil. PhD thesis, MIT.
de Andrade Correia, M. (1977). The Process of Industrialization in Recife, Brazil. GeoJournal, 1(4), 25–28. https://
doi.org/10.1007/BF00845198
Dietzenbacher, E. (1997). In vindication of the Ghosh model: A reinterpretation as a price model. Journal of
Regional Science, 37, 629–651. https://doi.org/10.1111/0022-4146.00073

HALLECK VEGA

  

|

15

Dietzenbacher, E. (2002). Interregional multipliers: looking backward, looking forward. Regional Studies, 36(2),
125–136. https://doi.org/10.1080/00343400220121918
Dietzenbacher, E., Albino, V., & Kühtz, S. (2005). The fallacy of using US-type input-output tables. Paper Presented
at The 15th International Conference on Input-Output Techniques, Beijing China, June 27-July 1, 2005.
www.iioa.org
Duranton, G., & Venables, A. (2021). Place-based policies: Principles and developing country applications. In M.
Fischer & P. Nijkamp (Eds.), Handbook of regional science (pp. 1009–1030). Springer.
Edwards, A. (1983). The structure of industrial change: Regional incentives to the textile industry of Northeast
Brazil. In F. E. I. Hamilton & G. J. R. Linge (Eds.), Spatial analysis, industry and the industrial environment.
Vol. 3: Regional economics and industrial systems (pp. 485–508). John Wiley and Sons.
Ferreira, P. C. (2004). Regional policy in Brazil: A review. Unpublished manuscript.
Furtado, C. (1964). Development and underdevelopment: A structural view of the problems of developed and underdeveloped countries (Trans. R. Augiar & C. Drysdale). University of California Press.
Garmany, J. (2011). Situating fortaleza: Urban space and uneven development in northeastern Brazil. Cities, 28,
45–52. https://doi.org/10.1016/j.cities.2010.08.004
Ghosh, A. (1958). Input-
output approach in an allocation system. Economica, 25, 58–
64. https://doi.
org/10.2307/2550694
Goldsmith, W. W., & Wilson, R. (1991). Poverty and distorted industrialization in the Brazilian Northeast. World
Development, 19(5), 435–455. https://doi.org/10.1016/0305-750X(91)90187-M
Guilhoto, J. J. M., Azzoni, C. R., Ichihara, S. M., Kadota, D. K., & Haddad, E. A. (2010). Matriz de Insumo-Produto
do Nordeste e Estados: Metodologia e Resultados” (Input-Output Matrix of the Brazilian Northeast Region:
Methodology and Results). Banco do Nordeste do Brasil. ISBN: 978.85.7791.110.3
Hirschman, A. O. (1958). The strategy of economic development. Yale University Press.
Hirschman, A. O. (1973). Journeys toward progress. W.W. Norton and Co.
Kutcher, G. P., & Scandizzo, P. L. (1981). The agricultural economy of Northeast Brazil. World Bank Research
Publication, Johns Hopkins University Press.
Leontief, W. (1941). The structure of American economy 1919–1939. Oxford University Press.
Long, J., & Rice, J. L. (2019). From sustainable urbanism to climate urbanism. Urban Studies, 56(5), 992–1008.
https://doi.org/10.1177/0042098018770846
Martin, W., & Warr, P. G. (1990). The declining economic importance of agriculture. National Centre for Development
Studies and Department of Economies, Research School of Pacific Studies, Australian National University.
Martin, W., & Warr, P. G. (1993). Explaining the relative decline of agriculture: A supply-side analysis for Indonesia.
The World Bank Economic Review, 7(3), 381–401. https://doi.org/10.1093/wber/7.3.381
Matin, N., Forrester, J., & Ensor, J. (2018). What is equitable resilience? World Development, 109, 197–205. https://
doi.org/10.1016/j.worlddev.2018.04.020
McLennan, W. (1995). Information paper: Australian National Accounts: Introduction to input-output multipliers
(Catalogue No.5246.0). Australian Bureau of Statistics.
Miller, R. E., & Blair, P. D. (2009). Input-output analysis: Frontiers and extensions (2nd ed.). Cambridge University
Press.
Neumark, D., & Simpson, H. (2015). Place-based policies. In G. Duranton, J. V. Henderson, & W. C. Strange (Eds.),
Handbook of regional and urban economics, volume 5B. (pp. 1197–1287). Elsevier.
Oosterhaven, J. (1988). On the plausibility of the supply-driven input-output model. Journal of Regional Science,
28, 203–217. https://doi.org/10.1111/j.1467-9787.1988.tb01208.x
Rands Barros, A. (2018). Brazil's northeast. In E. Amann, C. Azzoni, & W. Baer (Eds.), The Oxford handbook on the
Brazilian economy (pp. 446–467). Oxford University Press.
Ray, D. (1998). Development economics. Princeton University Press.
Resende, G. M. (2013). Regional development policy in Brazil: A review of evaluation literature. REDES (Revista
do Desenvolvimento Regional), 18(3), 202–225.
Rocha, S. (1997). Desigualdade Regional e Pobreza no Brasil: A Evolução 1981–1995. Nova Economia, 7(2), 85–108.
Rocha, S. (2019). Poverty upsurge in 2015 and the rising trend in regional and age inequality among the poor in
Brazil. Nova Economia, 29(1), 249–275. https://doi.org/10.1590/0103-6351/3992
Silva, A. B. O. (1992). Matriz de Insumo-Produto Nordeste 1980 e 1985 –Metodologia e Resultados. Banco do
Nordeste -BNB.

16

|

  

HALLECK VEGA

SUDENE (1980). Assessoria de Industria e Comercio. Posicao dos Projectos Aprovados Industriais e Agropecuarios:
Situacao em 1978. SUDENE.
ten Raa, T. (2005). The economics of input-output analysis. Cambridge University Press.
Todaro, M. P., & Smith, S. C. (2012). Economic development (11th ed.). Addison-Wesley.
van Rijckeghem, W. (1967) Tabela de Insumo-Produto, Brasil –1959. Texto para discussão do IPEA, with the collaboration of Sérgio Alípio de Oliveira Camargo.
World Bank. (1987). Brazil: industrial development issues of the northeast. World Bank Economic and Sector
Report. World Bank.

How to cite this article: Halleck Vega, S. (2021). Revisiting a place-based policy:
Transformations in Northeast Brazil. Growth and Change, 00, 1–25. https://doi.
org/10.1111/grow.12567

APPENDIX

I N P UT– O UT PU T ANALY SIS DETAILS
In Input–Output (IO) analysis, interindustry transactions are measured for a specific time period, usually a year, and in monetary terms for a specific region.21 They are denoted as zij, which
represent the intermediate deliveries from sector i to sector j (including itself when j = i). In addition, sectors also sell to purchasers that are exogenous to the production process (e.g. households
and government) comprising final demand. Therefore, the total output of sector i is equal to the
sum of total intermediate deliveries and final demands. In matrix notation, this is represented as
x = Zi + f, where x is the n × 1 endogenous vector of gross outputs of n sectors, Z is the n-square
matrix containing elements zij, and f is the n × 1 exogenous vector of the final demands (including consumption, investments, government expenditures, and exports).22
In addition to paying for industrial inputs, sectors also pay for primary inputs, which together
comprise value added (e.g. salaries, capital depreciation, indirect taxes). Imports are another
input and usually recorded as a row vector above the value-added items. The magnitudes of all
the flows described are recorded in an I–O table illustrated in Figure A1. The input coefficient
aij gives the number of inputs from sector i that is required for one unit of gross output in sector
j (i.e. aij = zij ∕xj), also known as a technical coefficient assumed to be fixed. In matrix notation,
−1
x , where ̂
the technical coefficients are expressed as A = Ẑ
x denotes the diagonal matrix with
the elements of the vector x on its main diagonal and zeros elsewhere. Also note that zij = aijxj or
−1
x. Using x = Zi + f and A = Ẑ
x results in the Leontief quantity model given by x = Ax + f.
Z = Â
The measurement of sectoral linkages has a long tradition within the field of I–O analysis,
which defines dependence from the buyer's and seller's perspectives. One way they are measured
is from the input matrix A—for example, to measure the backward linkage of sector j, this is
given by the sum of the elements in the jth column of A. However, it is noteworthy that this only
reflects the direct effects and thus denoted the direct backward linkage. The other way, described
in the main text, is using the Leontief inverse.
Value-added and import multipliers are derived by using the sectoral value-added and import
coefficients. Imports and value-added items (e.g. labour, capital depreciation, and indirect taxes
minus subsidies) are the “non-industrial” inputs a sector also has to purchase, that is primary inputs. The primary input coefficients can be denoted kmj, which reflects the dependence of sector
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The basic structure of I–O table

j on primary input m and is defined as kmj = vmj/xj, where vmj is the use of primary input m in
sector j. In matrix notation, the row vector of, for example, value added is denoted v′ and k′ =
v′̂
x−1. To obtain the value-added multipliers, k′ is multiplied by the Leontief inverse, that is k′L.
Similar to output multipliers, these linkages also have a backward nature since the direction of
causation is demand driven; that is they measure the buyer's dependence of the sectors on primary inputs.

GHO S H M O DE L DETAILS
Whereas the Leontief model relates sectoral gross outputs to the amount of final demand, the
model presented by Ghosh in 1958 relates sectoral gross production to the primary inputs. That
is, the Leontief inverse allows for examining where the required inputs in the production process
come from (i.e. buyer's dependence), whereas the Ghosh inverse allows for examining where the
sector's output goes to (i.e. seller's dependence). Though forward linkages have been measured
based on the Leontief IO model using A and L, taking the row sums of A for direct forward linkages and L for total forward linkages, this technique has been largely criticized in the literature
since they are generated by a simultaneous increase of one unit in, for example the final demands
of every sector in the case of the row sums of L (cf. Miller & Blair, 2009).
For this reason, the Ghosh model has been proposed as an alternative. Though this model was
demonstrated to be implausible (see, e.g. Oosterhaven, 1988), Dietzenbacher (1997) showed that
if it is interpreted as a price model instead of a quantity model, the problem is no longer present.
In the Ghosh model, instead of dividing each column of Z by the gross output of the sector asx), each row of Z is divided by the gross
sociated with that column (recall that zij = aijxj or Z = Â
output of the sector associated with that row. B is commonly used to denote this resulting matrix,
known as the direct output coefficients matrix (instead of direct input matrix A) and expressed as
−1
xB (i.e. bij = zij/xi), which makes clear the dependence of selling sector
B=̂
x Z. Note that Z = ̂
i on buying sector j. In a similar way to the calculation of backward linkages, the row sums of B
measure direct forward linkages. The other way, described in the main text, is using the Ghosh
inverse.
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DATA DETA I LS
Description of data

The data for 1980 is in a commodity-by-industry format, composed of two tables from which
I–O tables are constructed: Make and Use tables, also known as Supply and Use tables (SUTs).
The Supply table contains information on sector production of commodities, whereas the Use
table provides information on the sector and final demand consumption of commodities (see
Figure A2). The 1980 SUT comprises 82 sectors and 129 commodities, which was the largest
amount available and expressed in millions of cruzeiro (currency of Brazil during this period)
in current prices. Additionally, the Use table has separate final demand items including exports
from Northeast Brazil to the rest of the country and the exterior; there are also imports rows
before value added which includes imports from the rest of the country and the exterior as well.
To describe, it is best to recall the original I–O table with n sectors, where element zij of the
n × n transactions matrix Z represents the value of purchases of sector i output by sector j. In
the commodity-by-industry approach, matrix Z is initially replaced by the Use matrix U, where
element uij represents the value of purchases of commodity i by sector j (i.e. the “inputs” of products into each sector's production process). The Supply matrix is denoted as V, where element
vijrepresents the value of the output of commodity j that is produced by sector i. Recall that v′
indicates the row vector of value-added elements in the ordinary IO model but should not lead
to confusion. It is standard in the IO literature to use V to denote the Supply matrix. The 1959
data is a two-region interregional I–O table made up of the Northeast region and the rest of Brazil
(RoB) with 33 sectors and expressed in current prices (format in the main text).

Data work

Since the 1959 data is an extension of the single-region IO model, to compare the two datasets it
was essential to construct an I–O table from the 1980 SUT. Since the 1959 data is sector-by-sector,
choosing a sector-by-sector instead of a commodity-by-commodity structure was most appropriate. To outline the construction of the sector-by-sector I–O table, recall U (the Use matrix).
Similar to the technical coefficients aij (found by zij/xj) from the ordinary IO model, dividing

FIGURE A2

The basic structure of consolidated SUTs
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elements uij by the total sector output x generates B = Û
x , where element bijgives the value of
inputs of each commodity per cruzeiro's worth of sector j's output. Recall that the notation B = bij
is also used for the coefficients matrix in the Ghosh model. The reason it is also used here is due
to the fact that it is also widely used in the commodity-by-industry literature. At first glance, this
−1
x that forms part of the basic equation of the standard Leontief model:
seems parallel to A = Ẑ
x = Ax + f and its reduced form x = Lf. However, it is key to note that in the SUTs, q = Ui + e
x into
where q is total commodity output and e is commodity final demand. Substituting U = B̂
the former equation results in q = Bx + e. A problem is that the total requirements matrix L
cannot be generated since there is q (commodity output) on the left and x (sector output) on the
right-hand side of the equation.
To address this problem, q was transformed into sector terms. The Supply table provides the
data needed (cf. Figure A2), where its column sums are q and its row sums are x. A new matrix
−1
D = V̂
q is created where elements dij = vij/qj are the fraction of total commodity j output proq = V and D̂
qi = Vi.
duced by sector i. Note that the previous equation can also be expressed as D̂
Since x = Vi, it follows that Dq = x. The parallel to the direct requirements matrix A from the
ordinary IO model can be denoted as AI = DB where DB shows inputs from sectors per dollar's
worth of sector production. It follows that the parallel to the Leontief inverse is expressed as follows: LI = (I − AI )−1. Total sector output can thus be expressed as x = LIf. Note f is not given in
the SUTs, only e, i.e. commodity final demand. As in the commodity to sector transformation of
output where x = Dq, the assumption can also be applied to final demand so that f = De (Miller
& Blair, 2009). This was applied to all final demand items in the Use table, which included total
consumption, Gross Fixed Capital Formation (GFCF), inventory changes, exports to the RoB and
the RoW.
Another issue is which type of technology to use: industry or commodity. In the former, all
commodities produced by sector i are assumed to have the same input structure as is given by
sector i's column in matrix B, and a non-square commodity-industry system does not create
any problems. Commodity technology models pose problems in generating a plausible direct
requirements matrix in the case of more commodities than sectors (Miller & Blair, 2009). Due to
this practical consideration, industry technology was chosen. Finally, the data still had 82 sectors, which were aggregated to make them as comparable as possible to those in the 1959 data.
The production of automobiles, buses, trucks, motors, and other vehicles were combined in the
transportation goods sector. The agriculture sector was originally separated into vegetable product and animal product in the 1959 data and was joined since there was no information for these
separately for 1980. In addition, construction and packaging were merged after consulting the researchers that compiled the data since they are closely related and there was no packaging sector
for 1980. The aggregation of sectors was carried out in the original SUTs, and then the procedure
using the industry technology approach was used to construct the I–O table at the 31 sector level.
Regarding the interregional 1959 table, data work was also required. Typically, final demand is
comprised of household consumption, investments, government expenditures, and exports and
imports included as a row vector or an import matrix above the value-added items. A row vector
is more common since an import matrix requires having information on the total value of, for
example agriculture imports, but also the value of agriculture imports to each individual sector.
However, imports from the RoW were included as a negative entry in final demand, that is were
embedded within the interindustry transactions, creating an issue because Zrr does not represent
domestic production (see also Section 3). That is, inputs record both the sum of imported and
domestically produced goods, which will cause overestimation in the empirical analyses (see
e.g. Dietzenbacher et al., 2005 for a discussion vis-à-vis the US I–O tables). It was hence crucial
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to adjust the data so that the transformations in the regional (i.e. domestic) economy could be
appraised. Moreover, this adjustment enabled comparability since the I–O table for 1980 reflects
domestic production.
There are two widely used methods: the first assumes that there are no imports consumed
directly by final demand and the second takes into account both the fact that imports are consumed by sectors and final demand (Miller & Blair, 2009). The latter is more realistic and was
thus applied to the data. After using scaling factor ρ = [m/(IC NE + c NE + g NE + i NE)],
it was discovered that for the extractive sector, the imports are greater than the Northeast's
total IC + c + i + g; m = imports from RoW; IC NE = Northeast intermediate consumption; c
NE = Northeast household consumption; g NE = government expenditure; i NE = Northeast
investments; for adjusted ρ, similarly for rest of Brazil (RoB). This implies that imports to the
Northeast include at least some re-exports to the RoB, that is products that enter the Northeast
(e.g. in some port) from the RoW immediately exported to the RoB. Taking this on board, the
scaling factor was adjusted accordingly to ρ = [m/(IC NE + c NE + g NE + i NE + IC RoB + c
RoB + g RoB + i RoB)]. Then, the domestic matrix Zrr is found by subtracting ρZrr from Zrr,
which can be expressed as Zrr dom = (I − ̂
𝜌)Zrr, where I is the identity matrix. Finally, it was also
essential to domesticate the final demand items c, g, and i for the Northeast and RoB, which was
calculated in the way outlined for the interindustry transactions matrix.

Aggregation of sectors

Animal product

Electric energy

Commerce

Services

Wastes

Fuels

Packaging

Extractive industry

Nonmetallic minerals

Metallurgy (iron and
steel)

Metallurgy (others)

Machine tools

Electrical goods

Transportation goods

Wood

Furniture

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Vegetable product

1

1959 sectors

TABLE A1

10

9

8

7

6

5

4

3

2

28

15

27

31

29

26

1

1

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Fabricação de condutores e outros materiais elétricos
exclusive para veículos

Fabricação de equipamentos para produção e
distribuição de energia elétrica

Fabricação de tratores e maquinas rodoviárias,
inclusive peças e acessórios

Fabricação de maquinas, equipamentos e instalações,
inclusive peças e acessórios

Fabricação de outros produtos metalúrgicos

Fabricação de fundidos e forjados de aço

Metalurgia dos não-ferrosos

Siderurgia

Fabricação de outros produtos de minerais
não-metálicos

Fabricação de vidro e artigos de vidro

Fabricação de peças e estruturas de cimento, e
fibrocimento

Fabricação de cimento e clinquer

Extração de carvão mineral e outros combustíveis
minerais

Extração de petróleo e gás natural

Extração de minerais não-metalicos

Extração de minerais metálicos

Agropecuária, extração vegetal. Silvicultura, caça e
pesca

1980 sectors

7

7

6

6

5

4

5

4

3

3

3

3

2

2

2

2

1

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Perfumery

Pharmaceuticals

Fuels

(Continues)

Chemical industry

Rubber

Publishing

Paper

Furniture

Wood

Transportation goods

Electrical goods

Machine tools

Metallurgy (others)

Metallurgy (iron and steel)

Nonmetallic minerals

Extractive industry

Agriculture

Final grouping of sectors
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(Continued)

Tobacco

Publishing

Miscellaneous

Construction

Transportation

29

31

32

33

Beverages

28

30

Clothing

Food

26

27

Plastics

Textiles

24

Perfumery

23

25

Chemical industry

Pharmaceuticals

Leather

20

21

Rubber

19

22

Paper

18

30

28

25

12

23

24

22

20

19

18

17

16

14

21

12

11

refino de petróleo
petroquímica básica e intermediária
fabricação de resinas, fibras artificiais e sintéticas e
elastômeros

34
35
36

destilação de álcool

produção de elementos químicos não-petroquímicos
ou carboquímicos

Industria da borracha

Industria editorial e gráfica

Fabricação de papel, papelão e artefatos de papel

Fabricação de celulose e pasta mecânica

Industria do mobiliário

Industria da madeira

Fabricação de outros veículos

Fabricação e reparação de veículos ferroviários

Industria naval, inclusive reparação

Fabricação de motores e peças para veículos

Fabricação de automóveis, caminhões e ônibus

Fabricação de receptores de TV, rádio e
equipamentos de som

Fabricação de material e aparelhas eletrônicos e de
comunicação

Fabricação de aparelhos e equipamentos elétricos,
inclusive eletrodomesticos. Máq. e utensílios para
escritórios, peças e acessórios

33

32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

1980 sectors

31

30

29

28

27

26

25

24

23

22

21

20

19

18

Services

Transportation

Commerce

Construction

Wastes

Electric energy

Miscellaneous

Beverages

Tobacco

Food

Leather

Clothing

Textiles

Plastics

(Continues)

  

14

14

15

24

14

13

12

11

11

10

9

8

8

8

8

8

7

7

7

Final grouping of sectors

|

1959 sectors

TABLE A1

22
HALLECK VEGA

(Continued)

1959 sectors

TABLE A1

moagem de trigo
preparação de conservas de frutas e legumes
inclusive sucos e condimentos
Beneficiamento de outros produtos de origem vegetal
para alimentação
industria do fumo
abate de animais (exceto aves) e preparação de
carnes

51

53
54
55

Beneficiamento de arroz

50
52

fabricação de calçados
industria do café

48
49

fabricação de artigos do vestuário e acessórios

outras industrias têxteis

45
industria de couro e peles e fabricação de artigos de
viagem

fiação e tecelagem de fibras têxteis artificiais ou
sintéticas

44

46

Beneficiamento, fiação e tecelagem de fibras têxteis
naturais

43

47

fabricação de laminados plásticos
fabricação de artigos de material plástico

41

industria de perfumaria. Sabões e velas

40
42

fabricação de produtos químicos
industria farmacêutica

38
39

fabricação de adubos, fertilizantes e corretivos do
solo

37

1980 sectors

22

23

22

22

22

22

22

20

21

20

19

19

19

18

18

17

16

14

14

(Continues)
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(Continued)

educação mercantil
Aluguel de bens móveis

78

saúde mercantil

75

Serviços prestados às emppresas

serviços prestados as famílias

74
76

serviços de reparação. Exclusive de equipamentos
industriais

73

31

31

31

31

31

31

31

31

31

30

29

28

27

26

25

24

22

22

22

22

22

22

22

(Continues)

Final grouping of sectors

  

77

instituições de seguro
serviços de alojamento e alimentação

71

comunicações

70
72

Comércio
transporte

68

construção civil

67
69

produção e distribuição de energia elétrica
Saneamento e abastecimento d'água

65
66

industria de bebidas

outras industrias alimentares

62
fabricação de produtos diversos

preparação de alimentos para animais

61
63

refino de óleo vegetais e fabricação de gorduras para
alimentação

60

64

Industria do açúcar
Fabricação de óleos vegetais em bruto

58

Resfriamento e preparação do leite e laticínios

57
59

Abate e preparação de aves

56

1980 sectors
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(Continued)

Administração pública
Seviços privados não-mercantis
Dummy reparação
Dummy empresas

79
80
81
82

1980 sectors

Note: The numbers to the right of the 1959 and 1980 sector names correspond to those in the final grouping of sectors.

1959 sectors

TABLE A1

31

31

31

31

Final grouping of sectors
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