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Resumo

Mensurou-se de forma inédita o complexo de defesa e seguranca bra-
sileiro. Ele correspondeu a 3,7% do PIB do Brasil em 2014. Também
verificou-se que os projetos de investimento das For¢as Armadas apresen-
tam impactos socioecondmicos elevados e grande potencial tecnoldgico ao
demandar produtos e servigos de alta tecnologia. Foram levantadas infor-
macdes nao publicadas junto a diversos 6rgao publicos (Ministérios, Secre-
tarias Estaduais, Portal da Transparéncia). Com isto, estimamos os setores
de defesa e seguranca na matriz de insumo-produto brasileira e identifica-
mos o perfil setorial dos projetos de investimentos de defesa. Esta metodo-
logia inovadora pode ser aplicada para avaliar outras politicas publicas.
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Abstract

In a novel way, we have measured the Brazilian defense and security
complex. It corresponded to 3.7% of the Brazilian GDP in 2014. We have
also estimated that the investment projects of Armed Forces have high
socioeconomic impacts and great technological potential by demanding
high-tech products and services. Unpublished information was collected
from several public agencies (Ministries, Public Security, and Government
Transparency Portal). With this, we estimate the security and defense
sector in Brazilian input-output matrix and identify the sectoral profile
of the defense investment projects. This innovative methodology can be
applied to evaluate other public policies.
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1 Introduction

The industry! of defense and security? sector engages in a series of production
and service activities that, beyond their contribution to national security and
sovereignty, play an important role in terms of technological development,
labor qualification, and social and economic impacts. According to Sandler
& Hartley (1995), the establishment of productive sectors related to the mili-
tary promotes the welfare of the host country, which reflects in the generation
of technological spinoffs to other related industries, and military research
and development (R&D) spillover to civil sectors Guillou et al. (2009). The
latter issue supports the creation of a common technological base involving
diffe-rent institutions, techniques, and administrative arrangements (Dunne
(1995), Kulve & Smith (2003)) for the technological progress of the country.

Since the Second World War, several countries, including the United States
invested, both directly and indirectly, voluminous amounts in R&D and hu-
man resources in the defense sector (Mowery & Rosenberg (1999); Hartley
(2008); Mowery (2012)). More than half of the US government investments
in R&D during the last three decades related to defense (Mowery (2012);
OECD (2016)); in 2013, the US investment in R&D was 0.76% of its GDP,
out of which 52.7% went towards defense, including military, nuclear, and
space industries (OECD (2016)). Allied to public R&D, the government de-
mand of goods and services for military purposes, particularly in the initial
stages of projects, plays an important role in the creation of several critical
technologies (general purpose technologies), such as integrated circuits and
computers (Freeman (2013), ch. 10; Mowery & Rosenberg (1999), ch. 5;
Breakthrough-Institute (2010), pp. 16-21); jet aircraft engines (Breakthrough-
Institute (2010), pp. 13-14); civilian nuclear energy, lasers, and biotechno-
logy (Block (2008), pp. 174-175); internet and GPS (Breakthrough-Institute
(2010), pp. 22-24; Mazzucato (2015), ch. 5); software (Mowery & Rosen-
berg (1999), ch. 5); and iPhone/iPad/iPod’s main technologies (Breakthrough-
Institute (2010), pp. 4-5; Mazzucato (2015), ch. 5), among others. Thus, pu-
blic policies play an important role in stimulating innovations that become ve-
hicles of structural change in the economy (Guillou et al. (2009); Reati (2014)).

Therefore, the State through its defense budget helped reduce the risk and
technological uncertainties, reduce the price and improve the reliability and
functionality of new technologies Mowery (2012).

Furthermore, the economies of scale and price reduction through early
versions of the new Armed Forces technology resulted in the civil markets be-
coming more price sensitive to these technologies (Mowery (2012)). Thus,
several significant technologies developed for the defense sector ended up
spilling over to the civil sector, thus benefitting all people (Mowery & Rosen-
berg (1999); Kulve & Smith (2003); Molas-Gallart (1997); Mowery (2012)). Re-
cently, China’s civil sector has been showing substantial technological progress

1The authors thank Denise Imori, research assistants Gabriel Single Toledo and Caio de Souza
Castro and the NEREUS members by technical support and comments. We also thank the anony-
mous referees and the editors of Economia Aplicada, who helped to improve the paper. We thank
the Brazilian Association of the Material Industries of Defense and Security (ABIMDE) and FIPE
for their financial and technical support.

ZWhile defense activities are classified under code 8422 of ISIC 4 (International Standard
Industrial Classification of All Economic Activities, Rev.4), public safety activities fall under code
8423 and private security comes under code 80.
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in dual-use technologies with decisive support from the government and mi-
litary budget in the following fields: electronics, computing and information
and communications technology (ICT), computer-aided manufacturing (3D
printing), space technology and satellites, aeronautics, and shipbuilding (Tre-
bat & Medeiros (2014)).

Despite its modest setting compared to world leaders, the Brazilian de-
fense sector has permanent R&D teams, especially for the Navy and Air Force;
furthermore, educational institutions connected to the Armed Forces have al-
ways excelled in quality, ranging from high school to postgraduation. Brazil
is a relevant actor in the defense sector. In 2015, it held the eleventh place
in the world in military expenses. However, regarding GDP percentage, the
country’s military expenditure represented only 60% of the world average. In
contrast, the US military expenses were 2.4 times higher in GDP percentage
(Perto-Freeman et al, 2016).3 Brazil also possesses an expressive safety sec-
tor. Like other developed democracies, Brazil witnessed the growth of safety
services since the 1960s (Shearing, 1992) and restructuring of the policing
function, which was fulfilled by non-governmental groups along with public
agencies (Bayley & Shearing, 2001).

The growth of safety services is due to the change in social structure of
the verified countries, especially in big urban centres (Aslam, 2007), and the
formation of semi-public areas (such as residential condos, commercial com-
plexes, and big shopping districts) (Caldeira, 2000; Minhoto, 2002), and im-
portant changes in awareness of the role of Social Security, allowing for the
coexistence of private and public security services (Shearing, 1992; Bayley &
Shearing, 2001).

Public security includes the military police of the 27 federation units (FUs)
of Brazil and the Federal Police that has a strong contingency due to the coun-
try’s wide territorial dimension and the need to ensure safety in urban areas,
for example, in the highly populous cities of Sao Paulo (above 10 million i-
nhabitants), Rio de Janeiro, Salvador, Brasilia, and Fortaleza (around 2.5 to
6.5 million inhabitants). Private security has grown and supports the various
sectors in society (the public sector and the financial, industrial, and service
sectors).

Despite its smouldering importance, only a few papers have examined the
Brazilian defense and security sector. The country still needs to gain basic
information on and evaluate its public policies aimed at this sector.

Therefore, the main objective of this study is to quantitatively measure the
value chain and socioeconomic importance of the defense and security sector
in Brazil. For that, we need to perform the unprecedented task of measuring
the GDP of the country’s defense and security complex (public and private)
from 2009 to 2014. This will also evaluate the impacts on the economic and
social variables of the Brazilian Army, Navy, and Air Force’s 23 priority invest-
ment projects, defined as the Plan on Articulation and Defense Equipment
(PADE) # of the Armed Forces of Brazil, which holds a programmed budget of
US$ 193.8 billion for the period of 2012-2031.

PADE is the Brazilian government’s main purchase programme for its de-
fense sector to equip the Armed Forces and decrease the gap in technologies

31n absolute values, the US military budget was 24 times the Brazilian budget in 2015, repre-
senting 35.6% of the world total (Perlo-Freeman et al., 2016, pp. 2).
4Plano de Articulagao e Equipamento de Defesa (PAED), in Portuguese.
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considered strategic to national sovereignty. The government’s perennial or-
ders related to PADE are vital to the survival and technological development
of the defense industry and, to a lesser extent, security. Many companies be-
nefitted from PADE, like EMBRAER (the world’s third-largest plane manu-
facturer), whose production targeted both the military and civil sectors. Cer-
tainly, the technological challenges that EMBRAER faced in developing the
military cargo plane KC-390 of EMBRAER had a direct impact on its civil
commercial aviation production.

In order to measure the GDP of the defense and security complex, we need
to estimate the input-output system of the Brazilian economy, which would
properly explain the economic sectors linked to the defense and security sec-
tor. The estimation of the aforementioned input-output system necessarily
involves the collection, compilation, and treatment of information available
on various databases, because defense and security activities are not disaggre-
gated in the input-output matrices or disclosed in resource tables and uses of
the Brazilian Institute of Geography and Statistics (IBGE).

Thus, in the section following these introduction, we present the database
used to delimit the defense and security activities; this is based on purchases
made by the Brazilian government (at the federal, state, and municipal levels),
representing more than 90% of the sales in these activities. Thus, the defense
and security sector is delimited by the claimant sector (based on the purpose
of the product). This work covers the investment data and other current ex-
penditures (maintenance and operation costs) related to the Brazilian defense
and security activities. In the succeeding section, we present in detail the
input-output matrix methodology used in this paper. The results of applying
this methodology are presented in the following subsections.

Section 4.1 analyses the GDP of the defense and security complex (pu-
blic and private) for each year from 2009 to 2014. The results are presented
in Section 4.2 by the defense and security complex component (defense and
security activities, industries, supplies, services, and distribution), detailing
the private security, state public security, federal public security, and national
defense activities.

Complementing the analyses of the socio-economic importance of the de-
fense and security industry in Brazil, Section 4.3 presents important indi-
cators such as the multipliers of output and employment (direct and indi-
rect), as well as scale impacts on the Brazilian economy of 23 PADE inves-
tment projects. The final subsection shows the productive sectors impacted
by PADE, especially the high and medium-high technology industries and
knowledge-intensive services. The final section presents our concluding com-
ments.

2 Data Treatment

In this study, the defense and security sector is delimited on the purchases
made by the Brazilian government (at the federal, state, and municipal levels),
representing more than 90% of the sales in this sector. Thus, the defense and
security sector is delimited by the demanding sector (based on the product’s
final purpose). This procedure is a distinction of this study, and it isolates the
goods with the purpose of defense and security from the goods for civil use.
This is important because many products, for example, radars, planes, ships,
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vehicles, and communication equipment have dual use, making it practically
difficult to identify the goods and services used for Defense and security in
the industrial classification based on economic activity (Molas-Gallart, 1997;
Rogerson, 1994; Dunne, 1995). This study covers the fixed investment data
and other current expenditures (expenditures of maintenance and operation)
related to activities of the Brazilian defense and security for measuring the
GDP of this complex.

This section is divided into two subsections. The first subsection presents
the data tabulated for decomposition on the input-output matrix of the de-
fense, state public security, federal public security, and private security sec-
tors. The second subsection presents the methodology developed to map the
average profile (or composition) of each of PADE’s 23 investment projects.

2.1 Disaggregation of the Defense and Security Sectors in
Input-Output Matrix

The difficulty in defining companies, products, and services specifically for de-
fense and security is a characteristic that differentiates the defense sector and
security from other sectors of the economy (Rogerson (1994); Dunne (1995)),
and is a major obstacle to the formulation of public policies and their moni-
toring.

Generally, producer companies interleave their production between mili-
tary goods and civilian goods, because the production of military items is not
perennial, but by projects (on demand). In 2013, 100 of the largest corporate
revenues from the sale of military goods and services accounted for just 32%
of the total turnover of these companies; that is, 68% of the revenue was ob-
tained from the sale of goods for civilian use (SIPRI (2011))°. In Brazil, Brick
(2014) identified the companies in the defense and security sector that have a
higher percentage of sales linked to non-military goods and services, and by
contrast, have a lower share in relation to goods for military use.

In addition, the composition of the Brazilian defense and security indus-
try is not fully known (Aratjo et al. (2010); Schmidt & Assis (2013)), because
in general, large companies are identified, but the small and medium enter-
prises, or those that provide components or serve other companies in the mi-
litary area or the Armed Forces directly, are not fully known.

Another relevant issue differentiating the dynamics of this productive sec-
tor from others is its monopsony structure, by which nation states are practi-
cally the only claimants of the products destined for defense and security or
having a military destination (Smith (1990); Rogerson (1994); Dunne (1995)).
This power is exercised on demand both in the domestic and foreign markets,
where the state defines the assets that can be marketed (Markusen (1986);
Schmidt & Assis (2013)). With regard to external trade, defense and security
products form part of the group not governed by the World Trade Organiza-
tion (WTO) for national sovereignty reasons (Dunne (1995); Correa Filho et al.
(2013)). Thus, importing a product designed for defense and security will be
authorized only if the Armed Forces of the product’s country of origin do it;
otherwise, it may not be marketed. Therefore, the production dynamics of
this complex is determined not by supply, but by demand and political and
strategic considerations (Amarante (2012); Correa Filho et al. (2013)).

5The list of the 100 largest business revenues from the sales of military products and services
does not include Chinese companies SIPRI (2011)
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These characteristics led us to determine the production of the defense
and security sector differently from the traditional method, which involved
calculating the production from the perspective of the company. However, we
determine the production based on the value of public purchases of products
and defense and security services from the consumers’ perspective®.

Thus, in this study, we delimit the defense and security activities in Brazil
by considering the purchases of goods and services made for defense and secu-
rity purposes by the Federal Government, the 27 FUs, the State Government,
and private security companies. Thus, the defense and security activities are
divided into the public sphere (national defense, federal public security, and
state public security) and private sphere (private security). For the public
sphere, we accessed purchases made by the federal and state agencies for in-
vestment and other current expenses, the first used as proxy for Gross Fixed
Capital Formation (GFCF), and the latter as proxy for intermediate consump-
tion.

The set of goods and services classified as investments refers to the costs
of fixed investments in building, such as expenses for the planning and ex-
ecution of works and installations, and costs of equipment and supplies for
permanent assets such as aircraft and ships. With these, we could disaggre-
gate the existing investment vector in the input-output matrix between in-
vestments made for defense and security activities and investments made for
other productive activities. Finally, the goods and services classified as other
current expenses refer to the expenditure for purchasing consumable goods,
payment services, daily payments, tickets, and aid (food and transportation,
for example), among other types of expenditures that will compose the in-
termediate consumption vectors related to defense and security in the input-
output matrix (hereafter, matrix).

As regarding the private sphere, we find the production and investment
are available for this service activity, requiring some considerations for fit in
use matrix.

In the following subsection, we present the main sources of information
of the activities related to national defense and federal public security. The
succeeding subsections provide the sources of information related to the state
public security sector and private security sector.

National Defense and Federal Public Security Sector: Description of
Information

In Brazil, the Ministry of Defense is responsible for the maintenance and o-
peration of the National Armed Forces, while the Ministry of Justice is re-
sponsible for the procurement of goods and services for federal public secu-
rity, which includes organs of the Department of Federal Highway Police, Fe-
deral Police Department, National Penitentiary Fund, Fund for Devices and O-

61t is noteworthy that from the perspective of supply (or production enterprises by the main
activity), we have only two specific codes related to defense products, CNAE 2.0 #25.5, corre-
sponding to the manufacture of heavy military equipment, firearms, and ammunition, and CNAE
2.0 #30.5, representing the manufacture of military fighting vehicles. For confidentiality, the
IBGE does not disclose information on the latter CNAE. However, several products used for de-
fense purposes, such as airplanes, ships, and communications equipment (radars, for example),
are classified in sectors of activity along with civilian use products, and hence it is not possible
to distinguish these goods for military purposes. The size of the defense and security complex on
the demand side, as proposed by this study, seeks to remedy these difficulties.
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perating Activities of the Federal Police, National Public Security Fund, and
National Anti-Drug Fund.

Through the Access to Information Act (# 12,527 of 2011), we could find
the information of purchases made by the agencies of these two ministries for
the period of 2009-2014, as provided by SIAFI (Integrated System of Financial
Administration of the Federal Government, agency of the National Treasury
Secretariat). The data collected showedhuge disaggregation under an eight-
digit classification used by the Brazilian government, called nature’s expense.
Purchases made by the Ministry of Defense were broken down into 393 goods
and services classified as investments and 657 goods and services classified as
other current expenses; and purchases made by the Ministry of Justice were
broken down into 45 products and services classified as investments and 222
products and services classified as other current expenses.

To this information, we added the values of each item respectively in Reais
(R$) on a classification compatible with the Brazilian input-output matrix’,
which requires the division of 186 products of agriculture, industry, and ser-
vices.

For compatibility between the SIAFI products and the 186 products of
the input-output matrix, a specific translator called ‘products and services
classified from SIAFI x 186 products input-output matrix’ was developed.
This translator is based on (i) the description of the SIAFI products® , (ii) the
products listed in the PRODLIST - industry IBGE with an eight-digit break-
down (product level), and (iii) auxiliary tables of correspondence developed
by IBGE providing information on the products and their correspondence
with the National Classification of Economic Activities (CNAE)°.

When the products were compatible, we obtained the intermediate con-
sumption vectors of the activities related to the defense sector and the federal
public security sector. We then subtracted these vectors from the existing
vector in the input-output matrix called ‘Public Administration and Social Se-
curity’, which consolidated the purchases of the Brazilian public sector. The
base year was taken as 2009'°, and later this was adjusted according to the
New System of National Accounts (released by IBGE in 2015), which incorpo-
rated the latest information on the economic structure of Brazil. By using this
procedure and the investment information and other current expenditures for
the period of 2009-2014, we could obtain the annual information for the year
2014.

In order to obtain the complete information required to draw up the input-
output system, we also sought information on the number of jobs, amount
of compensation, the value added, and output of the defense and federal
public security sectors. For the defense sector, we obtained both the num-
ber of employees and amount of compensation from the RAIS/MTE (Annual
Relation of Social Information/Ministry of Labor and Social Security) and

7This matrix consists of 133 activity sectors and 186 products and was developed by Prof. Dr.
Joaquim José Martins Guilhoto in the Nereus’s scope (USP Regional and Urban Economics Lab).

8We used documents drawn by STAFI on the nature of spending by sub-item, which indicated
the products included in each type of nature expenses.

9The Brazilian classification is similar to the International Standard Industrial Classification
of All Economic Activities. Classificagdo Nacional de Atividades Econémicas (CNAE), in Por-
tuguese.

10At the commencement of this work, information on the IBGE’s National Accounts annual

system was available only up to 2009 as base for input-output matrices.



96 Morceiro, Tessarin e Guilhoto Economia Aplicada, v.22, n.3

CAGED/MTE (Record of Employed and Unemployed/Ministry of Labor and
Social Security), using as criteria #84.22 - defense (CNAE version 2.0). For
the federal public security sector, we used the information on jobs and wages
obtained from the Ministry of Justice. In this case, we considered the number
of persons employed in organizations related to federal public security, that
is, the Federal Police and the Federal Highway Police.

Finally, we obtained the value added data by adding the compensation
(wages and social contributions) and the gross operating surplus, the latter
obtained through estimation. We then obtained the value of output by adding
the intermediate consumption and value added.

In regards to the defense sector, we need to emphasize that we considered
the salary information and social contribution of the active personnel only, so
for the matrix data, we excluded the expenses of inactive personnel (retirees
and pensioners) during 2009-2014, which accounted for about 45% of the
total budget of the Ministry of Defense.

State Public Security Sector: Description of Information

For data on public security activities, that is, the competence of the states
of the federation, we requested information from the respective state finance
departments (SEFAZ), or the responsible agency. Note that the lack of stan-
dardization of information among states hampered our data and treatment of
data.

For the period of 2009-2014, we managed to obtain quality information
and disaggregated the information in terms of product and service for 7 of
the 26 Brazilian states (and the Federal District), namely, Sao Paulo, Minas
Gerais, Rio de Janeiro, Rio Grande do Sul, Parana, Goias, and Espirito Santo,
which together accounted for 56.2% of the population in 2014. For the other
19 states of the federation, representing 43.8% of the population, the expenses
related to investments and other current expenditures were estimated consi-
dering the population of the states and the value indicated by the Ministry of
Justice and the per capita expenditure attributed to the FUs’ public security
function. Thus, we obtained the whole volume of purchases related to state
public security.

After finding the data source of each of the seven states, we checked the
items classified as investments and other current expenses. Since there is no
standardization in the disclosure of the data (some are more and some less
disaggregated with different denominations), we had to create specific trans-
lators for each state to reconcile the data with the 186 products and services
of the Brazilian input-output matrix.

After completing the work of interpreting the codes and estimating the
information of the other states, we added the values of all states to obtain
a single vector of intermediate consumption and investment. The vector of
intermediate consumption was then subtracted from the existing column ‘Pu-
blic Administration and Social Security’ in the input-output matrix.

Thus, the original activity sector, Public Administration and Social Secu-
rity, was disaggregated into four sectors, (i) Defense (ii) Federal Public Secu-
rity, (iii) State Public Security, and (iv) other Public Administration and Social
Security.

We obtained the information of personnel in the state public security sec-
tor included in the input-output matrix from annual reports of the Ministry
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of Justice, which has effective control of every FU public security function,
including the military police, civil police, fire department, municipal civil
guard, and traffic agents.

We obtained the information of compensation from the RAIS/MTE in con-
sultation with codes 84.24 (Public Order and Security) and 84.25 (Civil De-
fense) of CNAE 2.0, less the value of compensation related to federal public
security obtained from the Ministry of Justice.!!

Finally, as done previously, we calculated the value added and the value of
output using the definitions of these variables, that is, the value added to the
sum of earnings (wages and social contributions) and gross operating surplus;
output is the sum of intermediate consumption and the added value.

Private Security Sector: Description of Information

We obtained the information of private security activity from a search of the
Annual Services Survey of IBGE (PAS/IBGE), which presents some data (on
value of output, added value, intermediate consumption, and investments)
related to the service sectors of the Brazilian economy, including ‘research
services, surveillance, security and transport value’ (code 80 of CNAE 2.0),
which we use in our discussions.

We collected data for the years 2009-2012, the last period for which PAS
refers to; for 2013 and 2014, our estimates are based on the number of jobs
available in RAIS and CAGED/MTE relating to code 80 of CNAE 2.0.

For activities related to the private security sector, the value of intermedi-
ate consumption in PAS/IBGE is given in total; that is, it is not disaggregated
into the products and services purchased. In order to disaggregate this, we
use the structure of the New System of National Accounts of IBGE, taking
as support for new use tables based on the year 2010, which shows the pri-
vate security sector individually. Thus, we could calculate the intermediate
consumption sector disaggregated into products of the input-output matrix.

Following this, we subtracted the intermediate value of the consumption
column of the sector ‘business services’ from the values corresponding to pri-
vate security activity. Thus, the original business services sector was decom-
posed into two, (i) private security and (ii) other business services.

On disintegrating the activities related to defense and security, we ob-
tained a disaggregated input-output matrix of 190 products in 137 sectors,
of which 133 are original while the other four are defense and security sectors
created by this methodology.

The PAS/IBGE also provides the investment information of private secu-
rity activity, but the total investment is divided into five major groups, namely,
(i) machinery, equipment and facilities, including data processing equipment,
(ii) means of transportation, (iii) buildings, (iv) land, and (v) others (furniture,
appliances, etc.). For more disaggregation and consistency, we used these in-
vestments as a weight of the set of investments of the state public security
sector, thus obtaining greater distribution in terms of number of products
purchased by the private security sector. Following this, we subtracted the
GFCF column of the Brazilian economy from the investment column of the
private security sector, thus forming the column ‘GFCF private security’.

1 The two cited CNAEs include state and Federal Police.
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Thus, the GFCF column of the original Brazilian economy has been di-
saggregated into five pillars: (i) GFCF of Defense, (ii) GFCF of Federal Public
Security, (iii) GFCF of State Public Security, (iv) GFCF of Private Security, and
(v) other GFCFs of the Brazilian economy.

The PAS/IBGE also provides information on the number of employees,
salaries, and other compensations of the private security sector for 2009-2012.
For the values of the years 2013 and 2014, we use the RAIS and CAGED, re-
ferring to the employed persons and balance of jobs created in CNAE 2.0 #80,
that is, surveillance activities, security, and investigation. We also obtain the
added value and output from PAS/IBGE.

2.2 Profile of the Investment Projects of PADE

In 2012, the Brazilian Ministry of Defense published the White Book of Na-
tional Defense (LBDN (2012)), providing the guidelines and goals of the Ar-
med Forces in the context of the national defense strategy - END (2008). The
WBND (LBDN (2012), ch. 5) describes PADE of the Armed Forces of Brazil;
this brings together the strategic projects of the Army, Navy, and Air Force
and the programmed expenditure of each project for the period of 2012-2031.
The budget for all the projects in this period will be US$ 193.8 billion at 2014
prices (see Table 1).

The 23 investment projects of PADE involve various actions, such as har-
monization projects of the Armed Forces, the recovery of operational capa-
bility, education and R&D activities, transfer of technology, and acquisition
of defense equipment (as described in the LBDN (2012), pp. 202-206). For
instance, the Navy project ‘M3 - Construction of the Centre of Naval Power’
foresees the construction of a dockyard for submarines, the construction of
submarines (four conventional ones and one with nuclear propulsion), the de-
velopment of national capacity to design and build ships, and the creation of
a battalion of marines.

Among the Army projects, the ‘E3 - New Family of Armoured Vehicles
(Guarani)’ foresees the development and production of bulletproof and am-
phibious vehicles in the country, adoption of the most recent technologies,
procurement of simulation systems, nationalization of ammunition, integrated
logistical support, and training of human resources.

In regards to the Air Force, project ‘A5 - Scientific-Technological Training
Air Force’ aims at national technological emancipation for manufacturing ae-
rospace defenses, the development of data communication technologies and
unmanned aircrafts, and the development and acquisition of fighter aircrafts,
helicopters, flight simulators, transport and fuel planes, and search and res-
cue planes'?.

As shown previously, priority projects cover diverse productive sectors (es-
pecially of high technology), confirming the relevance of PADE projects for
the productive and technological development of the country, as pointed by
Amarante (2012).

To obtain the industry average profile for each of the 23 investment projects
shown in Table 1, that is, to obtain the expenditure for each of the sectors of
activity of the Brazilian input-output matrix, we identify the PADE actions

12For additional details of other projects, see the LBDN subprojects of investment (2012, pp.
246-253).



Table 1: Priority projects of the Brazilian Armed Forces in the period 2012-2031

Armed Forces -
Project Code

Investment Projects

Value (in US$
Million) at

2014 Prices

Navy - M1 Recovery of Operational Capacity 2,575.8

Navy - M2 Navy Nuclear Program 2,013.3

Navy - M3 Construction of the Center of Naval Power 84,014.7 -
Navy - M4 System Management Blue Amazon (SisGAAz) 5,799.4 3
Navy - M5 Naval Complex 2nd Squadron / 2nd Fleet Marine Force 4,383.0 Y
Navy - M6 Safety of Navigation 303.4 S
Navy - M7 Personnel 2,404.8 S
Army - E1 Recovery of Operational Capacity 5,478.8 ®
Army - E2 Cyber Defense 402.7 Q
Army - E3 New Family of Armored Vehicle (Guarani) 9,999.6 _§
Army - E4 Integrated Border Monitoring (SISFRON) 5,749.3 S
Army - E5 Integrated System of Land Strategic Structures Protection (PROTEGER) 6,343.6 z
Army - E6 Antiaircraft Defense System 412.1 =
Army - E7 System Missiles and Rockets (ASTROS 2020) 549.5 g
Air Force - Al Organizational and Operational Management Air Force Command 2,727.7 =
Air Force - A2 Recovery of Operational Capacity 2,659.5 §
Air Force - A3 Airspace Control 449.9 N
Air Force - A4 Operational Capacity of the Brazilian Air Force - FAB 26,428.6 i
Air Force - A5 Scientific - Technological Training Air Force 23,936.8 w”n
Air Force - A6 Strengthening Aerospace and Brazilian Defense Industry 5,451.6 3
Air Force - A7 Development and Construction of Aerospace Mills 0.0 g
Air Force - A8 Support for Military and Civilians of the Air Force Command (COMAER) 1,548.5 \g"
Air Force - A9 Modernizing of Systems of Training and Post-training Human Resources 168.8 3
Total 193,801.3 o]
Note: Implicit deflator of the gross fixed capital formation S
Source: White Book of National Defense, Ministry of Defense, 2012 =

66
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directly linked to priority investment projects of the Armed Forces. In total,
the projects for the period of 2012-2014 were subdivided into 180 actions to
make up the national defense policy - 2058 (hereinafter, 2058-NDP). The ex-
penses committed and paid for these actions during this period totalled US$
18.1 billion at 2014 prices (Table 2)'3. Note that about 70% of the commit-
ted and paid amount for 2058-NDP was meant for investment (GFCF) on the
proposals put forth by IBGE - machinery, equipment, construction, military
equipment, and research and development - and the rest was linked to defray-
ment (expenditure on maintenance and operation).

From the description of the investment projects presented in Table 1 and
the detailed information of each of the 23 investment projects listed in LBDN
(2012), we find that most of the projects strictly focused on investment, while
fewer specific projects focused on sub-items distributed between investments
(mostly) and defrayment (smaller part).

Table 2: National Defense Policy and investments of the Ministry of De-
fense, 2012-2014, in US$ million (at 2014 prices)

2012 2013 2014 Total 2012-2014

Committed and settled expenditure of 2058 -

National Defense Policy 6,524 5753 5816 18,094
Investment of the Ministry of Defense 4,855 4,055 3,510 12,419
Investment of 2058 - NDP (em %) 74.4% 70.5% 60.3% 68.6%

Source: Ministry of Defense, Secretariat of Institutional Organization and the
Department of Planning, Budget and Finance

Regarding the 180 actions that make up 2058-NDP, we selected 95 actions
that together accounted for 94.0% of the total amount committed and paid
for the 2012-2014 period. The chosen actions were most representative of the
shares in value, and some specific actions related to investment projects in the
defense sector. To identify the productive sectors related to these actions, we
first examined the direct expenditures of the Federal Government (through
the Transparency Portal) and the favoured firms in the transactions, and then
identified the performance of the origin activity sector of these companies and
matched the activity sector for each of them. For these procedures, we had to
use a translator between the companies’ legal codes and the activity sector
(CNAE 2.0), which was provided by the Federal Government, and another
translator between the CNAE 2.0 activity sectors and the input-output matrix
sectors, provided by IBGE.

In short, from the procedures described above, we obtained the value of
the Federal Government project execution by activity sector for the 2012-2014
period for each of the PADE investment projects. From this, we could develop
the sectoral composition or profile of each investment project for this period.

In order to obtain the sectoral composition or average profile of the 23 in-
vestment projects for 20 years (from 2012 to 2031, programme deadline), we
analysed and criticized the primary composition of the previous step. Thus,
we considered the various sub-projects, the start date of their execution, and
the detailed description of each sub-project listed in LBDN (2012).

I3From Table 2, 9.3% of PADE projects (that is, US$ 18.1 billion at 2014 prices of PND in
relation to the total PADE of US$ 193.8 billion) were executed in three years, between 2012 and
2014. If this pace of operation is maintained for 20 years (from 2012 to 2031), it would take up
approximately 62% of PADE’s projects.
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Thus, we obtained the sectoral composition or average profile of the invest-
ment projects. Below, we present the economic and social impacts for each of
the 23 investment projects of the Brazilian Armed Forces. We also give the
sectoral composition or average profile of the investment projects of the three
Armed Forces and the total PADE projects (refer to Table 6).

3 Methodology

3.1 Methodology of Measuring the GDP of the Defense and Security
Production Complex

Following Guilhoto et al. (2012) and Takasago et al. (2010), we derive the
methodology, as shown below, from the input-output matrix for measuring
the GDP of the defense and security complex in the Brazilian economy.

The defense and security complex is divided into three clusters: (I) input
and output suppliers, (II) defense and security activities, and (III) service ac-
tivities related to items (I) and (II). The GDP is obtained by adding the value
added to the basic prices, the net of indirect taxes, to obtain the following
expression:

GDP:AVBP+NIT (1)

where: GDP = Gross Domestic Product; AVgp = Added Value at basic prices
and NIT = Net Indirect Taxes.

Thus, to calculate the GDP of the Aggregated I (suppliers of inputs and
outputs), we use the information available in the input-output tables related
to the values of inputs purchased by the defense and security complex. The
input values are multiplied by the respective GDP (CGDP;) coefficients.

To obtain the GDP coefficients, we divide the sectoral GDP by the sectoral
output (X;); that is,

GDP,

1

For each sector k of the defense and security complex, the GDP ratio is
multiplied by the input of the value of sector i acquired by this sector. To
avoid double counting, the sectors belonging to the defense and security com-
plex are considered in the Aggregated II, so their inputs are not considered
in Aggregated I. Thus, we have the GDP of Aggregated I for sector k of the
defense and security complex as follows:

nj=k
GDP! = Zzij .CGDP; (3)
i=1

where: GDPkI = Gross Domestic Product Aggregated I of the k defense and
security sector; n = number of sectors in the input-output matrix; z;; = total
value of input of the i sector for the k defense and security sector, CGDP; =
coefficient of the i sector GDP.

For Aggregated II, the GDP of the k defense and security sector is given by

GDP!' = GDP, (4)
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where: GDPkH = Gross Domestic Product Aggregated II of the k defense and
security sector.

The Aggregated III comprises the transport sector and trade and services
(other than those belonging to the defense and security complex, namely, Ag-
gregated II). The treatment for this group of sectors is to determine the parti-
cipation of the end of sector k of the defense and security complex in the
global final demand (coefficient), and by multiplying this ratio by the total
value of services excluding the defense and security sector, we have

t
GDPT{ =) GDP (5)
k=1
t
I I
GDPT{' = GDH| (6)
k=1
t
GDPT{"" =" GDR!" (7)
k=1
AS = GDPTrans + GDPT + GDPS (8)
FD
GDPT!'' = As. Z X 9
k GFD ©)

where: AS = aggregated services; GDPTrans = transport sectors GDP not
linked to defense and security; GDPT = trade sector GDP; GDPS = service
sectors GDP not linked to defense and security; GDPTkIH = gross domestic
product Aggregated III of the k defense and security sector; FDy = final de-
mand of the k defense and security sector; GFD = global final demand of the
economy.

The GDP of the k defense and security sector is given by:

GDPJ"! = GDP] + GDP!' + GDP!!! (10)

While the GDP of the defense and security complex for each of its aggre-
gates and as a whole is the sum of the GDP of each of the sectors belonging to
this complex, we have:

t
GDP'=) GDP/ (11)
k=1
t
GDP'I = ZGDPkH (12)
k=1
t
GDP”I:ZGDPkI” (13)
k=1

GDP™" = GDP' + GDP'' + GDP!! (14)
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3.2 Impact Analysis

From the basic Leontief model, we have:

X=(I-A)ly (15)

From this, we can measure the impact of changes in final demand (Y), or
the impact of each of its components (household consumption, government
spending, investment and exports) on total output, employment, imports,
taxes, wages, and added value, among others. Thus, we have:

AX =(I-A)'AY (16)

AV =vAX (17)

AY and AX are vectors (nx1) showing, respectively, the sector strategy and
impact on the volume of output, whereas AV is a vector (nx1) representing
the impact on variables such as employment, taxes, wages, and value added,
among others. Furthermore, ¥ is a diagonal matrix (nxn), where the diagonal
elements are respectively employment coefficients, tax, pay, and value added,
among others, which are obtained by dividing, for each sector, the value of
these variables used in total output by the total production of the correspon-
ding sector; that is,

vi= o (18)

To obtain the impact on the total production volume, each of the analysed
variables is added to all the elements of the vectors AX and AV, on (16) and
(17), respectively.

In (16), if the Leontief inverse matrix considers the secondary round reper-
cussions due to changes in consumer spending, the values for generating the
coefficients will take into account, in addition to the direct and indirect effects,
the induced effect (Richardson (1972)). This additional effect corresponds to
the generation of jobs (and their salaries) due to increase in income and house-
hold consumption. For example, if the variable of interest is the job, when the
demand for output of a particular sector increases, there will be a direct in-
crease in jobs in the sector itself, with further increases in the output of inputs
in other sectors that supply inputs for the increase in output, generating in-
direct jobs. In turn, the jobs created will lead to the dynamic increase in the
income of the population, with a consequent increase in household consump-
tion. This new increase in demand, now provided by families, will drive the
creation of new jobs, which due to the generation effect, are called induced
jobs.

In this sense, the equation for calculating the direct effects, both indirect
and induced, has the same formula (16), but obtaining A should consider the
endogenization of both household consumption as workers’ incomes in addi-
tional columns and rows to use the matrix, respectively.

Multipliers

From the direct coefficients and the Leontief inverse matrix, we can estimate
the generation of direct and indirect employment, imports, taxes, wages, and
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value added, among others for each dollar produced for final demand in each
sector of the economy. Thus,

n
GVj:ZbijVi (19)
i=1

where: GV]- = it is the total impact, direct and indirect, on the variable in
question; bj; it is the i-th element of the Leontief inverse matrix, and v; it is
the direct coefficient of the variable in question.

Therefore, GV; is the generator effect of the variable in question for the
j-th sector.

Dividing the generators by their direct coefficient gives the multipliers,
which indicate how much is generated, directly and indirectly, of employment,
imports, taxes, or any other variable for each directly generated unit of these
items. For example, the job multiplier indicates the number of jobs created,
directly and indirectly, for each direct job created. The multiplier of the i-th
sector would then be given by:

My, = Y (20)
Vi

MYV; would represent the multiplier of the variable in question, and the
other variables are as previously defined. The output multiplier indicates
how much is produced for each monetary unit spent on final consumption,
defined as:

n
MP, = Zbij (21)
i=1

Since M P; is the output multiplier of the j-th sector and the other variables
are defined as expressed above.

When the multiplication effect is restricted only to the demand for inter-
mediate inputs, these multipliers are called multipliers of Type 1. However,
when the demand of the households is endogenized in the system, taking into
account the induced effect, these multipliers receive the denomination of Type
2 multipliers.

In the present paper, besides the output generators/multipliers, we have
also analyzed the ones for employment, wages, compensation of self-employ-
ment, taxes, value added, and GDP for the defense and security activities and
each of the 23 investment projects.

4 Results and Discussion

4.1 GDP of the Defense and Security Productive Complex

In this section, we present the results obtained by applying the methodology
discussed previously.

Components of the Defense and Security Productive Complex

In this study, we consider four components of the defense and security com-
plex, which are illustrated in Figure 1 below.
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INDUSTRIES
Main sectors linked to
the production of
consumer goods

ACTIVITIES
Armed Forces,

and investment COMPLEX Police and
of the defense OF Private
and security DEFENSE Security
complex AND
SECURITY
INPUTS
DISTRIBUTION

Sectors
suppliers
of inputs

Trade, services and
transport linked to the
defense and security
complex

Source: Prepared by the authors.

Figure 1: Defense and security complex composition

* Defense and security activities:
Private security,
State public security,
Federal public security,
National Defense.
* Industries: leading industries related to the direct production of con-

sumer goods and investments destined for the defense and security com-
plex. There were six distinguished main sectors:

Weapons, ammunition and military equipment, including mechan-
ical machinery and equipment,

Machinery and electronic equipment and information technology,
Manufacture of motor vehicles, trailers, and semi-trailers,

Other transport equipment,

Construction,

Services provided to enterprises.

¢ Inputs: sectors not included in the two previous components and those
that provide products used as inputs for them.

* Services and distribution: trade sectors, services, and transport linked
to the defense and security complex.

The methodology used in this study allows us to estimate the GDP associ-
ated with productive activities in each of the four components of the defense
and security complex. The GDP of the complex then corresponds to the sum
of the GDP of its components.
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4.2 Evolution of the GDP of the Defense and Security Productive
Complex, 2009-2014

Table 3 shows the GDP of the whole defense and security complex, as well as
its main components and subcomponents. From the results for 2014, the GDP
of the defense and security complex was approximately US$ 85.8 billion. This
amount corresponded to 3.7% of Brazil’s GDP in 2014 (Table 3).

As for the results on the components and subcomponents of the defense
and security complex, their respective interests did not present major changes
between 2009 and 2014. The defense and security activities accounted for the
largest share of the complex’s GDP, approximately 54% of the total during
this period; these activities are very labor-intensive, accounting for about 1.7
million direct jobs as policemen and an effective armed force, and security
guards, escorts, and private patrol, paying wages 100% higher than the ave-
rage Brazilian wages.

Industries on the components and inputs accounted for on average 5%
and 6% of the complex’s GDP, respectively, from 2009 to 2014, while service
activities and distribution accounted for 35% on average over the same period.
Figure 2 illustrates the shares for 2014.

Although the aggregated industries represent a relatively small share of
the complex, we emphasize that the defense and security activities demand
the goods and services of high and medium-high technology sectors for wea-
pons and ammunition (including machinery and equipment), information
techno-logy and communications (including satellites), automobiles, trans-
port equipment (including aircraft, helicopters, ships, and amphibious and
bulletproof vehicles), and services from highly sophisticated companies, a
fact encou-raging other factors in the domestic economy, such as technolog-
ical development and employment of highly skilled labor. Moreover, the
deve-lopment of technologies and military use products commonly spread
to non-military products, benefiting many sectors, not just those related to
the defense and security complex. Dual-use products, that is, products for
military and civil purposes, mobilize technological and organizational inter-
actions, promoting advances that extrapolate the developed product (Molas-
Gallart (1997)).

In regards to defense and security activities only, in 2014, the results indi-
cate that the state public security had the highest GDP, which was US$ 19.9
billion. Private security presented a GDP of US$ 13.1 billion. However, the
subcomponent defense was responsible for the GDP of US$ 10.7 billions. Fi-
nally, federal public security showed a smaller amount of GDP, US$ 2.9 bil-
lion.

Since Brazil is a populous country (over 205 million inhabitants) with a
large territory (the fifth largest country in the world, with 8.51 million kmz),
it needs to adopt vigorous defense and security measures. For law and order
to work properly, policing, investigation, and protection, among other factors
need to have highly effective agents distributed throughout the country. With
regard to private security, its grand contribution is in line with what is hap-
pening in most of the biggest countries, with an increase in demand for vigi-
lance services and private security in residential condos, commercial centres,
corporative buildings, and semi-public sites. Thus, it is natural for security
(public and private) activities to represent the largest share (three quarters) of
defense and security activities, with offense activity accounting for only one



Table 3: GDP of the defense and security complex, 2009-2014 - in US$ million 2014

2009 | 2010 | 2011 | 2012 | 2013 | 2014

Total 76,049 | 82,025 | 79,185 | 82,947 | 86345 | 85840 ~
3

1. Defense and Security Activities 40,701 43,109 42,564 44,249 46,756 46,729 &
1.1. Private Security 9,543 9,943 10,839 12,006 13,167 13,148 S
1.2. State Public Security 17,836 19,385 18,378 19,412 20,032 19,925 3
1.3. Federal Public Security 2,581 2,814 2,648 2,796 2,887 2,927 N
1.4. National Defense 10,741 10,967 10,698 10,035 10,670 10,729 Q

2. Industries 3,165 4,191 3,684 3,989 3,850 3,449 "§
2.1. Weapons, Ammunition and Military Equipment * 349 589 480 502 452 368 8
2.2. Mach and electronic equipment and computing 166 171 150 152 180 208 S
2.3. Motor vehicles, trailers and semi-trailers 157 181 148 427 179 155 B
2.4. Other transport equipment 355 519 345 517 497 446 8
2.5. Construction 891 1,101 1,003 827 905 883 §
2.6. Services provided to enterprises 1,247 1,629 1,560 1,563 1,637 1,389 ]
3. Inputs 4968 | 5367 | 5238 | 5569 | 5490 | 5298 §
4. Services and Distribution 27,216 | 29,359 | 27,699 | 29,141 | 30,248 | 30,364 ©
Q

GDP of Brazil 2,004,821 | 2,156,599 2,241,040 2,280,562 | 2,343,097 2,346,528 g
Note: Implicit deflator of the GDP. Exchange rate of the Real (R$) per Dollar (US$) in 2014. I
*Including mechanical machinery and equipment. Source: Research data. 3
¢

3
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Source: research data.

Figure 2: Share of components in the GDP of the
defense and security complex, 2014

quarter of all activities.

From the results, in 2014, the GDP of the defense and security complex
presented a cumulative growth of 12.9% compared to 2009. This is a modest
and low growth rate relative to the GDP of Brazil, which showed an accumu-
lated growth rate of 17% in 2014 compared to 2009.

4.3 Socioeconomic Impacts of Investment Projects in the Armed Forces
of PADE

Following the procedures stated previously, we traced the average sectoral
profile for each of the 23 Armed Forces investment projects to measure its
economic impacts via the generator effects (direct, indirect, and induced), as
described earlier. Such indicators have intrinsic interest because they reveal,
as the final demand changes in the sector, the impact of the economy as a
whole in various economic and social dimensions.

We need to emphasize that the major transmission mechanisms of spen-
ding in the productive sector, according to the model structure presented pre-
viously, can be classified into three main groups, namely, (i) direct effects, (i)
indirect effects, and (iii) induced effects. Note that the Type 1 effects include
the sum of the direct and indirect effects, while the Type 2 effects also incor-
porate the induced effects.

Our results correspond to the realization of investments amounting to US$
10 million in each of the analysed projects. For comparison, they follow the
impacts of increases of US$ 10 million in vector standards of final demand
of the input-output system. They also show the impact of increases by this
amount in the final demand of the defense and security sectors. Projects are
identified by code names as presented in Table 1.

Table 4 presents the results of the estimated impacts considering the Type
1 effects (direct and indirect effects), while Table 5 presents them considering
the Type 2 effects (direct, indirect, and induced).
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Thus, for example, for an expenditure of US$ 10 million on investment
Project A1 of the Air Force (Organizational Management and Operational Air
Force Command), if we consider only the direct and indirect effects (Type 1),
the impact on the value of output for the Brazilian economy as a whole would
be US$ 18.6 million. In terms of GDP, the increase would be of US$ 9.7 mil-
lion. Regarding the employment of persons, the results indicate the need for
410.6-equivalent man-years to meet the additional demand in the economy
as a result of the project. If we consider the induced effects as well (Type
2), the impacts of the Al investment project in terms of value of output and
GDP would increase by respectively US$ 33.4 and US$ 18.6 million, requiring
829.9-equivalent man-years in the economy as a whole.

Table 4: Impacts for US$ 10 million of 2014 in PADE’s projects, final
demand, and defense and security activities - Type 1

| Effects of Type 1

Wages &
PROGRAM Output GDP Employment Added Wages Si]f. Taxes
Year Value employed

Al 18.6 9.7 410.6 7.9 3.0 4.0 2.7

A2 18.0 9.6 297.7 7.6 3.2 3.9 2.9

o A3 17.6  10.1 323.3 7.8 2.9 3.6 3.3

I A4 18.8 9.6 245.1 7.2 3.1 3.6 3.3
& A5 17.9 9.7 243.3 7.6 3.2 3.8 3.1
8= A6 19.6 9.6 220.8 6.9 2.9 3.2 3.6
< A7 18.0 9.9 273.0 7.8 3.1 3.7 3.0
A8 17.8  10.0 445.3 8.3 3.5 4.5 2.7

A9 18.1 9.7 467.2 8.0 3.0 4.1 2.6

E1l 19.3 9.7 327.4 7.4 3.0 3.6 3.3

E2 17.7 10.5 285.8 7.5 2.7 3.4 4.0

- E3 19.3 9.7 277.6 7.2 2.9 3.4 3.4
é E4 17.1 9.9 301.8 7.7 3.1 3.8 3.2
< E5 19.3 9.8 322.8 7.3 2.9 3.5 3.4
E6 18.5 9.9 323.6 7.6 3.0 3.7 3.3

E7 19.2 9.9 338.6 7.8 3.1 3.7 3.1

M1 18.4 9.8 394.8 7.7 2.9 3.9 3.0

M2 17.1 9.8 356.7 8.4 3.5 43 2.6

> M3 18.8 9.7 311.1 7.5 3.0 3.7 3.1
= M4 17.6 9.9 284.0 7.6 3.1 3.8 3.3
Z M5 18.0 9.6 469.6 8.3 3.1 4.4 2.2
Mé6 18.7 9.7 271.4 7.3 3.1 3.5 3.3

M7 18.0 10.0 456.2 8.1 3.1 4.1 2.8

< |DF1| 17.2 10.3 486.4 8.5 2.8 3.7 2.6

T'é S |DF2| 14.0 9.7 357.5 9.2 5.7 5.9 2.2
= E DF3 | 18.2 9.7 434.0 8.1 3.0 41 2.5
A |DF4| 183 9.7 374.9 8.0 2.4 3.4 2.4

" > |DS1| 12.7 10.2 679.8 9.5 5.8 6.2 2.6
éaz § DS2| 127 9.8 343.5 9.5 6.3 6.4 1.6
S g |DS3| 11.9 9.9 129.6 9.6 6.0 6.1 2.1
AR « |DS4| 137 9.8 278.5 9.3 5.5 5.6 2.4

Note: The description with the name of each program is described in Table 1
Source: Research data

As for the impact of Type 1 effects, we find that the investment projects
first showed lower variations of up to 15% compared to output and GDP, and
then showed above 75% for tax variables and jobs, demonstrating great he-
terogeneity in the latest indicators. However, when you add the induced effect
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(see Table 5), this heterogeneity decreases, because the income effect on con-
sumption is taken into account, which is more in many industry and service
sectors. Furthermore, no project stands out strongly with greater impact for
all the variables shown in Table 4.

Still, considering the Type 1 effects, we emphasize that the impacts of
PADE’s investment projects in terms of output value are on average higher
than those obtained through the final demand vector standard or incremental
activity sector, defense and security.

We find that the investment projects of the Armed Forces have superior im-
pact in terms of technology and quality employment compared to the Brazi-
lian productive structure or composition of final demand; they demand di-
rectly from the productive sectors at the forefront technology related to infor-
mation technology and telecommunication, machinery and equipment, soft-
ware, and military equipment. In addition, the direct impact stands out in the
sectors of architectural and engineering activity, technical testing and analy-
sis, and scientific research and development, generating innovation spillover
to the Brazilian economy.

When we consider the Type 2 effects, the DS1, DS2, DS2, and DS4 de-
fense and security activities show better performance in all Table 5 indicators.
Also, note the impact in terms of wages in case of shocks in final demand of
the defense and security sectors. As indicated earlier, these sectors are wage-
intensive compared to other sectors of the economy, making the income effect
(i.e. induced employment effect) expressive. In line with the highest average
compensation of the defense and security sector staff, we find that in the Type
2 effects, the impacts of increase in final demand of the defense and security
sectors stand out in all the dimensions considered (GDP, added value, wages
and self-employed, and employment), as shown in Table 5.

When we consider a simple average of the impacts, we find that an in-
crease of US$ 10 million in the final defense and security sector demand leads
to an increase of US$ 23.3 million in the GDP of the economy (Table 5). This
increase, following the final demand vectors of the standard input-output sys-
tem, would raise the least impact of US$ 19.4 million in GDP.

A detailed analysis of the productive sectors related to each investment
project indicates that some sectors, especially of the medium-high and high
technology industries and knowledge-intensive services are proportionally
more requested to execute projets. All of these sectors in the technological
vanguard are detailed in the next section.

4.4 Sectoral Economic Impacts of Investment Projects in the Armed
Forces

Contrary to our previous finding, where numerous socioeconomic impacts are
consolidated for each of the 23 PADE projects, this section exhibits sectors of
the Brazilian productive structure more impacted in terms of output (Table 6)
by the consolidated Air Force, Army, Navy, and PADE investment projects.
For each US$ 100 million invested in PADE projects, we have the direct
and indirect output of US$ 185.4 million. Army projects are slightly superior,
reaching US$ 188.2 million. This output will be distributed in many sectors of
the Brazilian economy. However, investment projects have different sectoral
impacts on the armed force involved, reflecting a kind of heterogeneity of sec-
toral composition, as shown in Table 6. In short, we see that some sectors are
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Table 5: Impacts for US$ 10 million of 2014 in PADE’s projects,
final demand and defense and security activities - Type 2

| Effects of Type 2
PROGRAM Output GDP Employment Added Wages w;%ffs_& Taxes
Year Value employed

Al 33.4 186 829.9 15.2 5.3 7.2 5.0
A2 32.6 18.3 709.8 14.8 5.6 7.0 5.2
o A3 31.7 185 722.4 14.7 5.2 6.7 5.5
S A4 32.5 17.8 633.3 14.0 5.3 6.5 5.4
i A5 32.3 18.3 652.2 14.7 5.6 6.9 5.3
8- A6 324 173 584.4 13.2 5.0 6.0 5.5
< A7 32.5 18.5 683.8 15.0 5.4 6.8 5.2
A8 33.9 19.6 903.0 16.3 6.1 7.9 5.1
A9 33.3 18.8 896.3 15.5 5.4 7.4 4.9
E1 33.1 17.9 717.3 14.1 5.2 6.6 5.4
E2 31.0 184 660.9 14.0 4.9 6.2 6.0
> E3 32.7 17.7 656.6 13.8 5.0 6.3 5.4
é E4 31.7 18.6 712.6 14.9 5.4 6.9 5.4
< E5 32.9 18.0 707.6 14.0 5.1 6.4 5.5
E6 32.6 18.3 721.9 14.5 5.3 6.7 5.5
E7 33.6 185 745.0 14.9 5.4 6.8 5.3
M1 32.9 18.4 803.6 14.8 5.2 6.9 5.2
M2 33.1 19.5 812.3 16.3 6.1 7.7 5.1
- M3 | 328 18.1 709.7 14.5 5.3 6.7 5.2
2 M4 31.9 18.5 690.6 14.7 5.4 6.8 5.5
Z M5 | 340 19.1 920.6 16.2 5.7 7.8 4.6
Meé 32.5 17.9 660.5 14.1 5.3 6.4 5.4
M7 | 331 19.1 885.1 15.6 5.5 7.3 5.1
~ |DF1| 31.8 19.0 899.7 15.7 5.1 6.8 4.8
Té 5 DF2| 3438 22.1 946.4 19.5 9.0 10.4 5.4
= S DF3| 333 187 860.7 15.5 5.4 7.3 4.8
/a DF4| 32.0 17.8 761.8 14.8 4.6 6.3 4.5
) > | DS1 34.0 22.9 1283.0 20.0 9.2 10.8 5.9
g & E DS2| 36.0 234 1037.4 20.8 10.0 11.4 4.8
T g |DS3| 359 238 843.1 21.3 9.8 11.2 5.4
R «» DS4| 366 23.1 960.0 20.5 9.1 10.5 5.5

Note: The description with the name of each program is described in Table 1.
Source: Research data.

proportionally more requested, especially with regard to medium-high and
high technology industries, knowledge-intensive services, and civil construc-
tion.

High and medium-high technology industries represent more than 50%
of the investment projects of any of the Armed Forces, reaching 71.5% for the
Air Force. For the consolidated PADE, the medium-high and high technology
industries represent 59.8% of the total composition. The main sector bene-
fitted from the investment projects is the ‘other transport equipment’ sector,
which includes the production of airplanes, helicopters, ships, and military
combat vehicles, among others. Furthermore, there is the sector of ‘heavy
belic equipment, weapons and ammunition’, which has special importance
for Army projects.

Beyond these transformation industry sectors, a substantial portion of the
investment projects’ sectoral composition is from the sectors of civil construc-
tion and knowledge-intensive services; for example, information and commu-
nication, professional, technical, and scientific services.
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The civil construction sector represented 17.6% of the project composition
of PADE, especially of the Navy (28.7% of the total) and Army (9.1% of the
total) projects. Besides the construction of the naval dockyard responsible
for the construction of four conventional submarines and one nuclear propul-
sion submarine, many investment projects foresee the construction or mo-
dernization of military bases for a variety of purposes such as supply, training
centres, weapons and ammunition, hospital and health centres, science and
technology laboratories, dockyards, command centres, and battalions.

Knowledge-intensive services and information represent 9.3% of the pro-
ject composition of PADE, especially of the Air Force (18% of the total) and
Army (12.3% of the total) projects. The sectors of ‘system development and
other information services” and ‘architecture services, engineering, testing/a-
nalysis, R&D’ are the main beneficiaries. These sectors are directly linked
to the technological development projects of new systems and the complex
belic equipment of the Air Force and the Army; for instance, the projects of
E2 - Cyber defense E4- Integrated border monitoring, A7 - Development and
construction of aerospace mills, and A5 - Scientific-technological training Air
Force.

Some medium-low and low technology industry sectors, for example, me-
tallurgy, refined petroleum, metal products, and rubber and plastic products,
as well as some other sectors of the economy such as financial service activities
and Public Administration will also be impacted, although in less proportion.
In these cases, the impacts will be mainly from indirect output, rather than
direct output, because indirect output refers to the leading suppliers of the
hard core defense industries and the construction sector.

Four sectors are directly responsible for around 60% of the project com-
position of PADE: other transport equipment; manufacture of weapons and
ammunition; systems development and other information services; and archi-
tectural and engineering activities, technical testing and analysis, and R&D.
These sectors make up the core of the defense sector related to equipment ac-
quisition and technological development. The other sectors such as ‘motor ve-
hicles, computer equipment, electronic, and optic products’ (for example, the
radars and satellite communication equipment for the command, control, and
navigation centers and management of airspace and cyberspace) and telecom-
munication had smaller importance in the project composition of PADE.

In summary, we observe that investment projects of the Armed Forces have
superior impacts on technological terms and job quality compared to the cur-
rent Brazilian productive structure or final demand composition, for they
directly demand that the productive sectors in the technological forefront
related to industries and services supply heavy belic equipment, transport
equipment, computer and electronic computers, telecommunications, and soft-
ware and system development. Besides, we highlight the direct impacts of the
engineering and R&D services, which show innovative spillovers to the Brazi-
lian economy in both the military and civil sectors in several studies (Mowery
& Rosenberg (1999); Mowery (2012); Guillou et al. (2009); Trebat & Medeiros
(2014)).



Table 6: Composition of the investment projects of the Brazilian Armed Forces and impacts for each US$100 million
of 2014 (only effects of Type 1)

Grouping and Sectors of the International | Air Force | Army | Navy | PADE
Standard Industrial Classification (ISIC4) | Share Typel | Share Typel | Share Typel | Share Typel
Medium-high and high technology industries 71.5 95.5 62.3 81.5 51.8 71.5 59.8 80.8
30 - Manufacture of other transport equipament (aircrafts and)
helicopters; ships; military fighting vehicles; satellites) 65.7 79.6 22.7 27.6 421 51.0 46.9 36.9
252 - Manufacture of weapons and ammunition 2.2 3.6 10.9 12.1 3.5 4.9 4.1 5.5
29 - Manufacture of motor vehicles, trailers and semi-trailers 0.2 1.3 10.2 13.1 2.1 3.5 2.7 4.2
26 - Manufacture of computer, electronic and optical products 0.6 1.2 9.0 11.1 1.9 2.5 2.5 3.4
33 - Repair and installation of machinery and equipment 2.6 4.0 3.3 4.7 1.0 2.4 1.9 3.3
28 - Manufacture of machinery and equipment n.e.c. 0.1 1.9 4.0 5.9 0.8 2.4 1.1 2.8
Others 0.2 3.9 2.3 7.0 0.5 4.8 0.6 4.8
Construction | 3.9 56 | 9.1 108 | 287 326 | 17.6 20.5

Services of information and communication and

professional, scientific and technical activities 18.0 27.0 12.3 21.2 3.1 10.9 9.3 17.7

62 - Computer programming, consultancy and related
activities; and 7.8 8.9 8.0 9.0 1.1 1.9 4.3 5.2
63 - Information service activities

71 - Architectural and engineering activities; technical testing

and analysis and 5.8 6.9 3.6 4.8 1.3 2.4 3.1 4.2

72 - Scientific research and development

61 - Telecommunications 4.0 6.0 0.6 2.1 0.7 2.1 1.7 3.4
Others 0.3 5.2 0.2 5.3 0.0 4.5 0.1 4.9

[1zvag u1 d314n2ag puv asuafo(q fo xajduioD) aargonpold

Source: Research data
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Table 6: Composition of the investment projects of the Brazilian armed forces and impacts for each US$100 million of

2014 (only effects of Type 1) (continue)

Grouping and sectors of the International | Air Force | Army | Navy | PADE
Standard Industrial Classification (ISIC4) | Share  Typel | Share Typel | Share Typel | Share Typel
Medium-low and low technology industries | 11 18.1 | 10.8 334 | 22 233 | 31 23.1
19 - Manufacture of coke and refined petroleum products 0.4 2.9 4.7 9.5 1.0 4.4 1.3 4.7
23 - Manufacture of other non-metallic mineral products 0.1 1.0 0.9 2.3 0.2 3.5 0.3 2.5
14 - Manufacture of wearing apparel 0.2 0.2 1.4 1.5 0.2 0.2 0.3 0.4
24 - Manufacture of basic metals 0.0 5.9 0.1 7.7 0.1 6.3 0.0 6.4
25 - Manufacture of fabricated metal products; except
252 - Manufacture of weapons and ammunition 0.0 2.9 0.0 2.5 0.0 2.9 0.0 28
22 - Manufacture of rubber and plastics products 0.0 2.2 0.2 2.6 0.0 2.4 0.0 2.3
Others 0.4 3.0 3.4 7.3 0.8 3.6 1.1 3.9
Distribution trade, transport and storage | 01 164 | 14 185 | 0.9 168 | 07 16.9
Other sectors of the economy 5.5 21.0 4.2 22.9 13.4 30.6 9.4 26.3
64 - Financial service activities, except insurance and
pension funding 0.3 4.4 0.8 4.8 5.3 10.0 3.0 7.4
84 - Public administration and defense; compulsory social
security 2.1 2.5 0.6 1.0 3.1 3.5 2.4 2.8
85 - Education 2.6 2.8 0.4 0.6 1.3 1.5 1.6 1.8
77 to 82 - Administrative and support service activities 0.1 3.2 0.9 3.7 0.8 3.5 0.6 3.5
Others 0.5 8.2 1.5 12.8 2.9 12.2 1.9 10.9
Total (all sectors) | 100.0 183.7 | 100.0 188.2 | 100.0 1857 | 100.0 185.4

Source: Research data.
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5 Final Remarks

Brazil is one of the five most populated and largest countries in the world.
In addition, it has many natural resources (like the tropical forest) and com-
mercial resources (for example, offshore oil of the pre-salt) that need to be
protected. Therefore, besides the strategic role of searching for technological
autonomy, defense and security activities are vital to the maintenance of na-
tional sovereignty, safety of the population, and reduction of public insecurity,
enhancing the longevity of its people.

This study measured the value chain of the defense and security complex
in Brazil. The defense and security sector was delimited on the purchases
made by the Brazilian government (at the federal, state, and municipal le-
vels). This procedure is a distinction of this study because it isolates the goods
with the purpose of defense and security from the goods for civil use. This is
important because many products, for example, radars, planes, ships, vehi-
cles, and communication equipment have dual use, making it practically dif-
ficult to identify the goods and services used for defense and security in the
industrial classification based on economic activity. Thus, the complex was
measured in an unprecedented manner for Brazil.

We used the input-output methodology that allowed the measuring of
GDP from the productive activities of the defense and security complex, both
upstream and downstream of the value chain.

This study has made advancements in some important directions in terms
of data processing. First, we used an updated input-output system based on
the New System of National Accounts (released by IBGE in 2015), which uses
the latest information from the economic structure of Brazil. In addition,
thanks to the extensive data gathered and our analysis, we could calculate the
GDP using an input-output system in which the defense and security activi-
ties were explicit and well-defined in the productive structure of the country.

In 2014, the GDP of the defense and security complex was approximately
US$ 85.8 billion, corresponding to 3.7% of Brazil’s GDP the same year. These
numbers are significant and largely due to the downstream activities of the
value chain, because these are extremely labor-intensive activities and in 2014,
the defense and security activities generated about 1.7 million direct jobs, pay-
ing salaries 100% higher than the average salary of the Brazilian economy.

Even with regard to the downstream stages of the value chain, the security
sector, that is, the state public security, federal public security, and private
security together accounted for about 75% of the activities, with the defense
sector accounting for 25%. The security sector (public and private) has grown
significantly in the country and currently employs 1.35 million workers.

We also found that defense and security activities can have a higher impact
than the average Brazilian economy on all socioeconomic variables because
the income effect of these activities (Type 2 effect) is above the average for the
economy. Furthermore, defense and security activities engage highly skilled
labor and provide high wages, thus inducing higher income and consumption
for the various activities of the economy.

This study also estimated the direct, indirect, and induced impacts on the
Brazilian economy as a whole of 23 investment projects scheduled by PADE,
which forecasted a budget of US$ 193.8 billion at 2014 prices for 2012 to
2031 in terms of output increases, employment, salary and compensation of
self-employed, tax collection, value added, and GDP. Note that investment
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projects have a significant impact on the Brazilian economy because on a-
verage, every US$ 1.00 invested generates an additional output of US$ 3.27
and a tax collection of US$ 0.53 in the Brazilian economy considering the di-
rect, indirect, and induced impacts of these investments. Note also the signi-
ficant potential to generate quality jobs, the consequent better pay for workers
(above the economy average), and the potential to promote the consumptive
induction of various other sectors of the economy. Such social and economic
impacts that result from investment projects allow us to assess the investment
policy of the government in the national defense sector.

Also obvious are the results that the sectors directly affected by invest-
ment projects are the medium-high and high-tech industries and knowledge-
intensive services. While these are at the technological forefront, we expect
them to generate technological spillover to the Brazilian industrial fabric.
Thus, beyond the fundamental importance of the military in the formation
and training of human resources in their specific research institutes, their in-
vestment projects can provide important research and development advances
that benefit different sectors of the economy, including the civilian sector, and
the economic and social impacts might probably be more than that already
measured.

Investments of the Armed Forces in technology and knowledge-intensive
sectors are welcome once the current Brazilian output structure focuses on
low-intensive knowledge services sectors and commodities. The demand of
the Armed Forces with regard to PADE contributes to modernize the produc-
tive structure through critical technologies, with high potential to generate
spillover to the civil sectors, as in the 20th century United States (Mowery
(2012)) and China over the last decades (Trebat & Medeiros (2014)). Thus, the
action of the public sector in strategic areas such as technological autonomy
and national sovereignty have the potential to enhance innovation, which is
the main source of structural changes (Reati (2014)). Note that the invest-
ment projects of the Brazilian Armed Forces replicate, for example, the de-
velopment strategy adopted in the Chinese economy in recent years (Trebat
& Medeiros (2014)), which is evaluated as successful, and this is additional
reason to reinforce this type of investment in the captive and perennial space
of the Brazilian industrial development agenda.

In addition to measuring the unprecedented defense and security activi-
ties in Brazil, this study contributed to the evaluation of public politics by
measuring the social and economic impacts of investment projects of the Brazi-
lian Armed Forces. We believe that this evaluation must be permanent for the
route adjustments to become necessary. Additional studies should investigate
whether any technological transfer occurs from the military to the civil sectors
and evaluate the purchases of goods and services exclusively in the security
sector. Moreover, the methodology elaborated in this paper to identify pu-
blic purchases can be applied to other governmental areas for a comparative
impact analysis of Brazilian public purchases.
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