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RESUMO

Obtaining databases to develop multidisciplinary studies in complex
intersectoral network systems presents great challenges. Databases
often lack compatibility or data standardization because they are
organized differently by sector. Therefore, this article aims to propose
a Decision Support System (DSS) to assist in the identification, analysis,
and selection of sectoral databases to support the development of
quantitative studies. The concept of the “Nexus of water, energy,
agriculture, and the environment” is used to illustrate the development
of the DSS. To this end, a conceptual structure defined in six stages was
presented: institutional analysis, definition of alternatives, definition of
criteria, analysis of databases, classification matrix, and organization
and selection of alternatives. Validation of the proposed DSS was carried
out using national-scale databases for the Brazilian context. From the
application of DSS in the databases surveyed, it appears that: Brazil
does not have interconnected databases, nor does it share databases
between sectors; the information is dispersed across a large number of
institutions, and includes a multiplicity of spatial and temporal scales,
hindering their integration; the adoption of macro-scales, both spatially
and temporally, facilitates the integration of the collected information,
and the country’s sectoral organizational structures tend to hamper
the development of systems integrated into complex networks. The
proposed DSS allows a better understanding and visualization of
possible simplifications and limitations inherent in integrated studies
of quantitative scope, minimizes uncertainties, and directs systemic
planning and management strategies.
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A obtengdo de bases de dados para auxiliar o desenvolvimento de estudos
multidisciplinares em sistemas de redes complexas intersetoriais apresenta
grandes desafios devido a falta de compatibilizagdo e nivelamento entre as
informagdes, uma vez que estdo segmentadas de diferentes formas nos
setores correlacionados. Diante disso, o presente artigo tem por objetivo
propor um Sistema de Apoio a Decisdo (SAD) para auxiliar na identificagdo,
anadlise e selegdo de bases de dados setoriais, visando subsidiar o
desenvolvimento de estudos quantitativos mediante o conceito “Nexus
4gua, energia, agricultura e meio ambiente”. Para tanto, foi apresentada
uma estrutura conceitual definida em seis etapas: analise institucional,
definicdo das alternativas, definicdo dos critérios, andlise das bases de
dados, matriz de classificagdo, e organizacdo e selegdo das alternativas.
A validagdo do SAD proposto foi realizada por meio das bases de dados
de ambito federal presentes no Brasil. Apds a aplicagdo do SAD nas bases
de dados levantadas, verifica-se que: até o momento, o Brasil ndo possui
bases de dados interconectados e compartilhados entre diferentes setores;
as informagGes concentram-se em uma grande quantidade de instituigdes
e contemplam uma multiplicidade de escalas espaciais e temporais,
dificultando suas interagbes; a adogdo de macroescalas, espacial e
temporal, facilita a integragdo das informagdes levantadas; e as estruturas
organizacionais setoriais do pais tendem a inviabilizar o desenvolvimento
de sistemas integrados em redes complexas. O SAD proposto permite uma
melhor compreensdo e visualizagdo de possiveis simplificagdes e limitagdes
inerentes em estudos integrados, de ambito quantitativo, minimizando
incertezas e direcionando estratégias sistémicas de planejamento e gestdo.
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Introduction

The nexus concept refers to the interconnected and interdependent
management between the water, energy, agricultural, and environmen-
tal sectors. It is based on the good governance of each of these sectors,
and provides for the design and implementation of more efficient and
sustainable policies and actions (Hoft, 2011; WEF, 2011; Bamwesigye
etal., 2019).

The nexus concept was initially promoted in 2008, at the World
Economic Forum (2011). It was developed based on the need to bet-
ter understand the interrelations and interdependencies that exist be-
tween the sectors in question so as to better manage them. The ini-
tiative came about through the efforts of the “2030 Water Resources
Group (WRG),” a group of multinational companies in the food and
beverage sector which were concerned about the impacts of the water
crisis on their global operations (Leese and Meisch, 2015). The WRG
prepared the report, “Water security: the water-food-energy-climate
nexus,” which directed global attention toward these four main pil-
lars of the world economy and their interrelationships (Bizikova et al.,
2013; Leese and Meisch, 2015).

Water is necessary for each stage of energy production, and energy
is essential for the functioning of the sanitation sector (Maas et al., 2017;
Meldrum et al. 2013; Walker et al., 2014; Chang et al., 2016; Sanders
and Masri, 2016). The energy sector is highly vulnerable to changes in
water resources, especially those that may result from climate change
(Meldrum et al., 2013). Both water and energy are inputs for the agri-
cultural sector (Lawford et al., 2013; Chang et al., 2016; Urbaniec et al.,
2017); agricultural products provide bioenergy (Wu and Chiu, 2011;
Moioli et al., 2018), and the consumption of all these resources has a
negative impact on the environment (Wicaksono et al., 2017).

Through the recognition of these interrelationships and their rel-
evance for the structuring of shared intersectoral management, the
“nexus” theme has gained increasing interest in academic literature,
as evidenced by the growing body of technical and scientific research
(Baleta et al., 2019; Meng et al., 2019; Zhang et al.,, 2019). The greater
level of global interest and visibility that surrounds this theme may be
attributable to a lack of natural resource security, increasing climatic
imbalances, and the recession of the global economy (Allouche et al.,
2015; Leese and Meisch, 2015; Al-Saidi and Elagib, 2017). These factors
have prompted the nexus concept to emerge as a new paradigm for the
public management of natural resources (Torres, 2020).

Since its emergence, research on the nexus concept can be ob-
served across three thematic areas (Torres et al., 2019):

« qualitative studies that recognize and understand the interactions
between the different nexus elements (water, energy, agriculture,
climate, land, etc.) in different contexts and across scales;

quantitative studies that evaluate the interconnections and interde-

pendencies between correlated nexus elements;

194

socio-political and economic research that analyzes governance
models and public policies to outline the nexus concept in terms of

practical issues related to management and planning.

As the authors pointed out, the major challenges for conducting
quantitative research are the lack of available data on the water, en-
ergy, agricultural, and environmental sectors, and the lack of capable
models, methods, and instruments to represent the multiple inter-
actions that exist between them (King and Carbajales-Dale, 2016;
Albrecht et al., 2018; Embid and Martin, 2018; Nhamo et al., 2018;
Shannak et al., 2018; Mercure et al., 2019).

An ideal model or method to represent the nexus concept must be
flexible, dynamic, and interactive; it needs to represent and evaluate
the relationships between the systems (water, energy, agriculture, and
environment), and it must (Miralles-Wilhelm, 2016):

« consider the management and regulation of these resources;
« assist decision makers in defining planning strategies and integrat-
ed sectoral policies;

allow the development of socioeconomic scenarios;

subsidize evaluations that consider the trade-offs and synergies be-
tween the multiple sectors involved;

allow analyses that consider the effects of variability in the spatial

and temporal scales in the systems considered.

Therefore, integrated databases are required. However, obtaining
sufficient data to support integrated research on the nexus concept is
complex (Embid and Martin, 2018); information on water, energy, ag-
riculture, and the environment is spread across different institutions,
information systems, and documents, and there is no shared and ac-
cessible database. Additionally, even when this information exists, it
often presents divergences in terms of spatial and temporal scales, and
a variety of metrics, thereby making it difficult or prohibitive to con-
duct analyses due to the lack of compatibility (Eftelioglu et al., 2016;
Huckleberry and Potts, 2019).

Dispersed databases that do not integrate information are of-
ten a reflection of the independent organizational format that has
historically been implemented in public sectors, wherein each en-
tity follows its own strategies, policies, plans, data collection, and
actions (Eftelioglu et al., 2016; Embid and Martin, 2018). Due to
the multidisciplinary nature of these problems, over time, this inde-
pendent organizational format has been confronted with the need
for studies integrated into complex network systems (WEF, 2011;
Hanlon et al., 2013).

According to Lawford (2019), an information service must be
shared between the multiple correlated sectors to support a well-struc-
tured dialogue that fosters joint planning; the leveling of databases
based on the identification of common information needs between
them is also essential. This service must be developed through an open

access platform supported by joint governance; such a service would
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improve management, planning, and decision-making that involves
both the public and private sectors.

In view of this, it is observed that there is a need for research on the
existing weaknesses in sectoral databases to analyze the possibilities of
carrying out integrated studies that include quantitative assessments
of natural resources. The results of this investigation vary according to
the reality of each location, and the progress in this area, especially of
a quantitative nature, did not occur without the support of databases
for its development.

Given the above, this article aimed to propose a Decision Support
System (DSS) to assist in the identification, analysis, and selection of
sectoral databases. The development of a DSS will support the devel-
opment of quantitative studies on the “Nexus of water, energy, agricul-
ture, and the environment””

Materials and Methods
The methodology developed comprises the proposal of a DSS,

which is an information management system that analyzes different

variables to assist in the decision-making process. In this study, a con-
ceptual structure of the DSS is presented. This is an innovative method-
ology that has been developed to address the gaps identified in the lit-
erature regarding the complexity in obtaining compatible information
between the involved sectors proposed in the nexus concept.

The proposed conceptual model follows the organizational log-
ic of multicriteria analysis, where different alternatives are evaluated
using multiple criteria. The multicriteria analysis is composed of al-
ternatives, criteria, a classification matrix (checklist), and objectives
(goals) of the process (Hajkowicz and Collins, 2007). The structural
basis of the model used in the present study builds upon that used by
Torres et al. (2021).

In this research, the alternatives represent the sectoral databases
and the matrix functions as a checklist (Checklist) that verifies which
criteria are present in the alternatives. The methodology was divided
into six stages, as shown in Figure 1:

» sectoral analysis;
identification of the databases;

Figure 1 - Conceptual structure of DSS for analysis and selection of databases.
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o definition of the criteria;
+ analysis of the databases;
« construction of the classification matrix;

o structuring and selecting databases according to the defined objective.

Step 1: identification of the institutions that make up each sector
The first stage of the DSS consists of an institutional analysis to un-
derstand the functioning and composition of the sectors, and to iden-
tify and access their databases. For this purpose, the institutional ar-
rangement of the sectors were initially verified through the elaboration
of an organization table (hierarchical systematization of the institu-
tions and bodies involved). Once the organizational composition of
each sector was identified, the databases were identified, as described
in the next section.
The application of the methodology in Federal scale databases was
chosen based on two aspects:
 achieving an overview of the information systems of the four sec-
tors in the Brazilian context;
« establishing a hierarchical priority according to the Federal Consti-

tution of 1988: Union, States, and municipalities.

Step 2: identification of alternatives

This step comprises the identification of the main national data-
bases in the institutions surveyed in the previous step. For this, online
consultations were carried out on the official websites of the “Nation-
al Water Agency (Agéncia Nacional de Aguas — ANA)”, “Ministry of
Mines and Energy (Ministério de Minas e Energia — MME)” “Minis-
try of Agriculture, Livestock and Supply (Ministério da Agricultura,
Pecudria e Abastecimento — MAPA) and “Ministry of the Environ-
ment (Ministério do Meio Ambiente - MMA).

In addition to consulting the aforementioned websites, the web-
pages of the institutions that make up the ministries were also searched,
including those of the National Petroleum, Natural Gas and Biofuels
Agency (Agéncia Nacional do Petréleo, Gds Natural e Biocombustiveis —
ANP), Petrobrés, National Supply Company (Companhia Nacional de
Abastecimento - CONAB), Brazilian Institute of the Environment and
Renewable Natural Resources (Instituto Brasileiro do Meio Ambiente e
dos Recursos Naturais Renovdveis —- IBAMA).

As a complementary research, the Brazilian Open Data Portal was
verified, which functions as a data centralizer in accordance with De-
cree No. 8.777/2016. According to this decree, government ministries
must “promote the publication of data contained in databases of organs
and entities of the direct, autarchic and foundational federal public ad-
ministration in the form of open data” (Brasil, 2016).

In view of this, the federal level databases of the sectors rele-
vant to the nexus concept were selected and investigated. The se-
lection considered the scope of the information to represent the
sector in the Brazilian context. In other words, databases that pre-

sented information regarding the regional or local scale were ex-

cluded from this study. Following this step, the set of criteria for

evaluation were defined.

Step 3: defining the criteria
Aspects for the database analysis were defined to ascertain the

possibility of integrating information. The criteria were defined from

two points:

« systematic review of the literature, based on Torres et al. (2019),
contemplating publications involving the theme “nexus;” in the
research platforms aiming to identify authors who deal with infor-
mation systems for integrated evaluations. The main authors who
guided these definitions were: WEF (2011), Eftelioglu et al. (2016),
Endo et al. (2017), Albrecht et al. (2018), Embid and Martin (2018),
Dai et al. (2018), Shannak et al. (2018), and McGrane et al. (2019);

« survey of the main aspects to be considered in a database to sup-
port integrated assessments of the corresponding sectors.

The highlighted aspects outlined the construction of seven criteria
and 27 categories, as shown in Table 1: Criterion 1 (C1) with three cat-
egories; Criterion 2 (C2), seven categories; Criterion 3 (C3), three cate-
gories; Criterion 4 (C4), six categories; Criterion 5 to Criterion 7, three
categories. To facilitate the evaluation of alternatives against the crite-
ria, in the classification matrix, a color palette was defined by a family
of criteria categories. It is important to highlight that, from the comple-
tion of new bibliographic reviews, other criteria can be included in the
list in Table 1, as long as they are characterized and justified.

After defining the criteria listed in Table 1, analyses of some char-
acteristics present in the databases were carried out for a better evalua-
tion of the classification matrix, as shown in the following step.

Step 4: analysis of databases
In this stage, a careful check is carried out on the quality of the

available information. Four main issues are investigated:

« quantity and type of information present;

o divergences from the same information presented in differ-
ent databases;

o presence of databases that include the monitoring of data from
multiple sectors in an interconnected manner (for example, wa-
ter-energy or energy-agriculture);

« survey of databases from other sectors that include information of

interest for the development of integrated studies.

The investigations cited above were defined based on the bib-
liographic review mentioned in Step 3, as based on the systematic re-
view by Torres et al. (2019).

Geographic information system (GIS) tools and other data anal-
ysis tools are essential to support the development of this phase. As a
result of this analysis, the construction of the classification matrix for
the evaluation of cataloged databases was elaborated.
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Table 1 - Database classification criteria.

(I) Available - Free access for download

. Represents access to (II) Conditioned - Can be accessed through authorization from
3 t
Rl o present the segment that represents them
Information .
in a database. (IIT) Not available - Not accessible for download, however, can be viewed
(IV) Mixed - Database classified in more than one category of this criterion
(I) Historical series - Sequence of observations of data collected continuously over a
period of time, at regular intervals
C2: Data Corresponds to the (II) Restricted - There is no sequence of observation of the data, the information is
monitoring duration of the data presented for irregular intervals
period monitoring. (III) Not applicable - Does not have a monitoring period, includes only
characterization data bases
(IV) Mixed - Database classified in more than one category of this criterion
(I) daily
(IT) weekly
(IIT) monthly
C3: Time Time scale for data
. (IV) Yearly
Scale presentation.
(V) Others
(VI) Multiple - Use of more than one time scale
(VII) Not applicable - does not have a time scale
(I) National
(IT) Regional
4: Refi h
C efers to the (IIT) State
Geographic spatial scale of data ) )
. (IV) Hydrographic basin
Scale presentation.
(V) Location (cities, companies, reservoirs, etc.)
(VI) Multiple - Presentation of more than one geographical scale.
It depicts the (I) Single mathematical quantity - Representation of only
C5: measurement of a a single mathematical quantity
Mathematical ~ phenomenon. For (II) Multiple mathematical quantities - Representation of
quantities example, volume, more than one mathematical quantity
flow, production, etc. (III) Not applicable - These are documentary and spatial databases
(I) Characterization - Databases aimed at describing some characteristics of a sector,
without monitoring the information presented (for example, the description of the
profile of a power plant without presenting the monitoring of its production)
It represents the . . . . . .
) (II) Productivity - Data presented in a format that allows its manipulation, containing
presentation format o . . . .
Cé6: Type of ] ) monitoring of its data (for example, history of the production of a plant exposed in
of the information
databases Excel spreadsheets)
present in the
Jatabases (IIT) Documentary - Data presented in technical and scientific documents, published in
' journals, theses, reports, among others. In this case, the information has already been
manipulated by the authors.
(IV) Mixed - Database classified into more than one type.
C7: (I) Georeferenced
Spatialization ~ Data georeferencing (II) Not georeferenced
of data (III) Mixed - Databases that include both georeferenced and non-georeferenced information.
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Step 5: classification of alternatives

The classification of alternatives was carried out by means of ma-
trix analysis. The matrix is composed of rows and columns that vary
according to the number of defined criteria and alternatives. In the
present study, the lines represent the alternatives and columns, and
the categories of the criteria are listed in Table 1. The matrix func-
tions as a checklist that indicates the categories of criteria present
in the database framework. All criteria have the same level of prior-
ity, and should be used equally in the evaluation of all alternatives.
Thus, filling out the matrix was done using two numeric codes: “1”
indicates the presence of the category according to each criterion,
and “0” indicates its absence.

Step 6: structuring and selecting alternatives

Structure refers to the elaboration of a selection system comple-
mentary to the classification matrix. In this system, the databases
are organized by a criterion category session within each sector un-
der study. Two points were considered when completing the pro-
posed structure:
« identification of the criterion category that obtained the least num-
ber of databases inserted;
analysis of the level of relevance of the criterion category for the

development of the research.

In the case of a relevant category, which cannot be modified, the
databases entered are those selected. However, in the event that this
category is not relevant to the study it will be disregarded as a selection
parameter, and another category must be analyzed successively until
the selection process is closed. Once the DSS was structured, it was

validated using federal databases present in Brazil.

Case study: Brazilian context

In recent years, Brazil has experienced novel uncertainties due to
water crises in various regions, and the simultaneous political and eco-
nomic conflicts that have taken place at the national level. The water
crisis that has affected the energy sector in recent years has also im-
pacted other sectors in some parts of the country. This situation has
made managers question the real causes of these problems in hopes of
determining actions to stabilize this scenario.

Thus, it is pertinent to investigate the country’s databases belonging
to the main sectors that guide its economy and sustain the well-being
of its nation. These investigations tend to corroborate the identification
of weaknesses and advances in sectoral databases.

The Federal Constitution of 1988 organizes political and admin-
istrative Brazil in entities of the Federation formed by the Union,
States (26), Federal District (Distrito Federal — DF), and municipalities
(5,570); all are endowed with autonomy in legislative, governmental,
tax, and administrative powers (Brasil, 1988). In other words, accord-

ing to the constitution, all entities of the Federation can legislate, orga-
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nize, and manage their territory, and the Union should intervene only
in situations of disorder that interfere with national integrity. Despite
the autonomy of the federated entities, their competencies follow a hi-
erarchy of power, from the greatest to the least powerful: federation,
state, DF, and municipality.

The organizational model approved in 1988 is based on the auton-
omy of federated entities according to their respective competencies.
The development of the public sectors in these spheres took place in
a segmented and disaggregated way. Their plans, programs, and proj-
ects were elaborated largely with no prospect of integration. Today, this
course of development reflects the difficulty in planning the articula-
tion between the databases of different sectors due to the diffusion of
the integrated management model.

Regarding the water sector, it is the domain of the Union “Lakes,
rivers and any water resource in its territory, or that cross more than
one State, that serve as limits with other countries or that extend over
foreign territory, as well as marginal lands and river beaches” (Brasil,
1988). Water management in Brazil took place in a fragmented way, as
each sector carried out its planning in isolation, without participation
from municipal governments, water users, and civil society (Abers and
Jorge, 2005).

Like the water sector, the energy sector has undergone several in-
stitutional changes during the 1970s, 1980s, 1990s, and to the present
day. The sector left a monopoly system for free competition in ener-
gy generation, commercialization, transmission, and operation dis-
tributed between public and private companies. As federal assets, the
constitution mentions the potential of hydraulic energy and mineral
resources; therefore, the exploitation or use of these resources can only
be carried out with authorization or concession from the federal gov-
ernment (Brasil, 1988).

With regard to the agricultural sector, the constitution played a
fundamental role in its development by promoting the country’s ag-
ricultural policies, including rural insurance, agricultural planning,
technical assistance, and rural extension (Brasil, 1988).

For the environmental sector, Law No. 6.938/1981 (Brasil, 1981)
organized the management of environmental resources at the federal
level, and instituted the National Environment System. Complemen-
tary Law No. 140/2011 (Brasil, 2011) establishes the instruments and
actions of cooperation between the Union, States, DE, and municipal-
ities in administrative actions resulting from the exercise of the com-
mon powers established in the constitution. In view of the above, it is
observed that despite the great advances that the country has achieved
since the adoption of the Federal Constitution, historically, the orga-
nizational structures of the public sector have several obstacles and

challenges within the scope of integrated intersectoral management.

Results and Discussion
In Brazil, information on water resources, energy, agriculture, and

the environment are segmented into independent databases, managed
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by a large number of institutions at the federal, state, and municipal
levels. For the present study, only the main databases in the federal
sphere were considered. This section presents the results obtained with

the development of the steps that make up the DSS.

Step 1: institutions that make up the sectors under analysis

For the development of the first stage of the DSS, public policies
and legislation relevant to the sectors under analysis in Brazil were
used, highlighting federal decisions, provisional measures, and na-
tional policies (Brasil, 1981, 1991, 1997a, 1997b, 2019a, 2019b, 2019c,
20194, 2020). The main institutions, bodies, and collegiate bodies iden-
tified in each sector were structured in an organization table (Figure 2),
corresponding to the governmental structure in force in the country.
The institutions surveyed in the organization table hold the databases
of the sectors mentioned at the federal level.

In general, it can be seen that each sector is inserted in a govern-
ment ministry, and in line with each ministry are the specific secretar-
iats, departments, councils, and bodies.

For the water resources sector, the data generated by the bodies
that are part of the National Water Resources Management System
(Sistema Nacional de Gerenciamento de Recursos Hidricos - SINGREH)
are incorporated into the Water Resources Information System (Siste-
ma Nacional de Informagées sobre Recursos Hidricos — SNIRH). The
National Water Agency (Agéncia Nacional de Aguas - ANA) is respon-
sible for managing this system in its area of operation (Brasil, 1997a).

In the energy sector, the Energy Research Company (Empresa de
Pesquisa Energética — EPE) is responsible for “promoting studies and
producing information to support energy development plans and pro-
grams” (Brasil, 2004). As for the agriculture sector, it is the responsibil-
ity of the MAPA to aggregate “agricultural, meteorological, and clima-
tological information for use in agriculture” (Brasil, 2019a).

In the environmental sector, it is important to mention two aspects:
according to the National Environment Policy (Politica Nacional
do Meio Ambiente - PNMA), energy, water, agriculture, other nat-
ural resources, and economic activities make up the environmental
sector (Brasil, 1981);

although multiple sectors include monitoring data from the en-
vironmental sector, this does not imply that there is integration
between these different institutions and between the data moni-

tored by them.

Once the institutional composition of each sector under analysis
was identified, the main databases belonging to each sector were iden-
tified, as shown in the next section.

Step 2: identification of the databases
Based on the organizational system present in each sector, 35 na-
tional databases were identified (Table 2); they are distributed among

their bodies and institutions. Of the databases surveyed, seven com-
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prised the water resources sector (20%), eight comprised the energy
sector (22.8%), seven constituted the agricultural sector (20%), and 13
made up the environmental sector (37.14%).

In the water resources sector, different databases contain different
information; of note are the: HIDROWEB, which can be highlighted for
its pluviometric and fluviometric information; the reservoir monitoring
system (Sistema de Acompanhamento de Reservatérios — SAR) for mon-
itoring reservoirs; the grant registration for water volumes captured by
different users distributed by hydrographic basin; the National Sanitation
Information System (Sistema Nacional de Informagoes sobre Saneamen-
to — SNIS) for monitoring the sanitation sector; the groundwater infor-
mation system (Sistema de Informagdes de Agua Subterranea — SIAGAS)
for groundwater; the National Dam Safety Information System (Sisterna
Nacional de Informagoes sobre Seguranca de Barragens — SNISB), which
involves the registration of dams in the context of their safety; and the
Metadata Portal for geographic information.

In the energy sector, the main databases include that of the Na-
tional Electric System Operator (Operador Nacional do Sistema
Elétrico - ONS), which contains the operation history of the Nation-
al Interconnected System (Sistema Interligado Nacional - SIN); the
National Electric Energy Agency (Agéncia Nacional de Energia Elétri-
ca - ANEEL) developed the ANEEL Generation Information System
(Sistema de Informagoes de Geragdo da ANEEL - SIGA) to provide data
on installed electricity generation capacity from its multiple sources in
Brazil; the Union of Sugarcane Industries (Unido da Indiistria de Cana-
de-A¢ticar - UNICA), which is not directly linked to the ministry of
agriculture and energy, but which has a very rich database on the pro-
duction and commercialization of sugarcane, ethanol production, and
bioelectricity; open data from the ANP, which brings a large amount
of historical information on the production of oil, natural gas, and bio-
fuels, among many others; and the geographic information bases in-
volving the SIN Cadastral Geographic Information System (Sisterna de
Informagées Geogrdficas Cadastrais do SIN — SINDAT), the Geographic
Information System for the Electricity Sector (Sistema de Informagées
Georreferenciadas do Setor Elétrico - SIGEL), the geographic informa-
tion system for the energy sector (WEB MAP EPE/EPE), and the In-
formation System Mining Geographic Areas (Sisterma de Informagoes
Geogrdficas da Mineragio - SIGMINE).

In the agricultural sector, open data from the MAPA predominate;
the National Institute of Meteorology (Instituto Nacional de Meteo-
rologia — INMET), which provides a history of meteorological data;
CONAB, which provides the historical data on the Brazilian harvest,
agricultural prices, production costs, and other information; docu-
mentary databases including the Agricultural Research Database (Base
de Dados da Pesquisa Agropecudria — BDPA) of Brazilian Agricultural
Research Corporation (Empresa Brasileira de Pesquisa Agropecudria —
EMBRAPA), and the Bibliographic Base of Brazilian Agriculture (Base
Bibliogrdfica da Agricultura Brasileira - AGROBASE); the EMBRAPA
Spatial Data Infrastructure (GEOINFO), which comprises a set of spa-
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Figure 2 - Organization table of the Water - Energy - Agriculture - Environment sectors in Brazil.
Source: adapted from Torres et al. (2021).
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Table 2 - Main national databases of the Water-Energy-Agricultural-Environmental sectors.
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Open data from the Ministry of Agriculture, Livestock and Supply

National Institute of Meteorology
National Supply Company
Agricultural research database
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Database of the Brazilian Forest Service
Environmental Information Database
Information Systems on Brazilian Biodiversity
Database of Conservation Units
Soil Information System
System of geosciences of the Geological Survey of Brazil
Weather Provision Center and Climate Studies
Knowledge Platform on Adaptation to Climate Change

Environmental Databases
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tial information; and the IBGE agricultural census. Although IBGE is
not directly part of the agricultural sector, it has significant relevance in
the collection of data through the Agricultural Census.

In the environmental sector, a large amount of information dis-
tributed in different institutions were highlighted, including: open
data from the MMA; IBAMA; Instituto Chico Mendes for Biodiver-
sity Conservation (ICMBIO) which includes information from Con-
servation Units, the National Institute for Space Research (Instituto
Nacional de Pesquisas Espaciais — INPE), and the Weather Forecast
and Climate Studies Center (Centro de Previsdo de Tempo e Estudos
Climdticos - CPTEC); the Brazilian Forest Service (Servico Florestal
Brasileiro — SFB), which comprises the National Forest Information
System (Sistema Nacional de Informagoes Florestais — SNIF); the IBGE’s
Environmental Information Database (Banco de Dados de Informagies
Ambientais - BDiA), which addresses information on geology, geo-
morphology, pedology, and vegetation; the Brazilian Biodiversity
Information System (Sistemas de Informagdes sobre a Biodiversidade
Brasileira — SIBBR), a platform that brings together information about
ecosystems; the Brazilian Soil Information System (Sisterma de Infor-
magdo de Solos Brasileiros — SISolos) of EMBRAPA, which has soil sam-
ples and profiles from all over Brazil; the System of Geosciences of the
Geological Survey of Brazil (Sistema Geociéncias do Servico Geoldgico
do Brasil - GeoSGB) that deals with geological information from the
national territory; and the Environmental Database (Sisterna de Dados
Ambientais - BDA) created by MMA Ordinance No. 422 of 10/26/11,
which represents an integrated database between ANP and IBAMA.

Lawford (2019) states that social, economic, political, and bio-
physical data are essential for any integrated assessment of the water,
energy, and agricultural sectors. The author also highlights some es-
sential variables to enable studies contemplating the nexus approach:
precipitation (pluviometric stations), air temperature, evapotranspira-
tion, soil moisture (meteorological stations), water quality, operational
and physical data of the reservoirs, flow (fluviometric stations), under-
ground water, energy, land use, and occupation. Most of this informa-
tion is present in the databases listed in Table 2; however, many of them
do not cover all regions of the country, much information is out of date,
and there is a disparity in the monitoring of data, both in terms of time
and spatial scales. Torres (2020) adds that Brazil has a large number
of inactive pluviometric and fluviometric monitoring posts, especially
when it comes to small state hydrographic basins.

When inserting the environment into the context of integrated as-
sessment, it is observed that, despite the significant number of databases
illustrated in Table 2, most of the information available in the environ-
mental databases is not integrated and does not interrelate, such as the
Environmental Information Database with the Environmental Database.

Step 4 was taken from the identified databases, which conceives the
analysis of its information. It should be mentioned that it was not necessary
to present Step 3, since it involves the definition of the analysis criteria, that
is, this phase has already been structured in the methodology of the study.
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Step 4: analysis of the databases

The analysis of the databases was carried out through the investi-
gation of five points, as listed in the methodology. For analysis of the
first point, it was found that 74.3% of the databases surveyed in Table 2
were georeferenced, and were mostly distributed in the environmental,
water, and energy sectors.

Spatial data greatly contributes to quantitative studies of integrat-
ed assessment of nexus elements. It enables research on multiple geo-
graphic scales if at least one of the following aspects are met:

« The presence of national databases that are spatialized and, at the
same time, productive. They present the monitoring of their infor-
mation and not just their characterization, and are able to mention
HIDROWEB among the systems identified in Figure 2;

Presence of georeferencing databases. In this case, it is necessary to
integrate this information into a productivity database, such as the
association between SIGEL and ONS.

As for the variability of the type of geographic scale to be worked
on, cutouts of information present in a macro- to micro-scale can be
made through the use of GIS tools. This is possible as long as the infor-
mation is georeferenced and positioned within the geographical limits.

Several authors in the literature have pointed out significant ben-
efits from the use of spatial data in different sectors of the economy.
Gongalves et al. (2009) developed a method based on a GIS to integrate
physical data with the type and use of the soil to assist in the man-
agement and granting of the right to use groundwater applied in the
DE. Souza and Farias (2010) provide in their study that the systematic
organization in a GIS of the water resources sector and other related
sectors facilitate the assessment and management of water in conser-
vation units (UC). According to the authors, the integration between
databases associated with the GIS allows a greater approximation of
different public and private institutions that share specific themes in
decision-making processes, which allows interoperability and coop-
eration between them (Souza and Farias, 2010). Pereira et al. (2019)
addressed the relevance of spatial data and geological instruments to
increase productivity and public capacity to define strategies to solve
complex problems related to local geography.

Another point considered was the relationship between the organi-
zational structure present in each sector and the geographical scale of
the presentation of its data. In this case, it was observed that databases
of the water resources sector normally present their data for the hydro-
graphic basin scale, since the National Water Resources Policy (Politica
Nacional de Recursos Hidricos - PNRH) defines the hydrographic basin
as a planning and management unit (Brasil, 1997a).

For the electricity sector, the main databases are for the regional
scale (sub-systems), and depend on the functioning of the SIN. For
the agricultural sector, CONAB presents information on the state and
regional scales. The main information for the environment is presented
on regional (biome), state, and national scales.
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The application of DSS for databases of other spatial scales allows
the identification of the level of integration between them. For exam-
ple, this can be used to verify the level of integration of the State grant
registry with the ANA grant registration; integration of surface water
availability with groundwater and its interrelationships with water
quality; and demands for water and energy in the agricultural projects
of the different regions of the country.

In addition to analyzing these issues, the databases were checked
for the presence of divergences in the presented information . It should
be considered that the investigation of this aspect is possible as long as
more than one institution presents the same type of information for
a given sector. This was conceivable only for the energy sector, where
the WEB MAP EPE, SIGEL, SIGA, and ONS power generation history
databases present information on the number of power plants present
in the country.

The research revealed the presence of divergence between the
quantities presented in these databases. For example, analyzing the
number of wind farms, a total of 455 plants were found in the WEB
MAP EPE database, 877 plants in SIGEL, 606 plants in SIGA, and 601
plants in ONS (considering the same time period for all). With regard
to solar plants, 67 plants were identified on the WEB MAP EPE, 2,524
plants in SIGEL, 2,469 plants in SIGA, and 81 in ONS. The same is true
for other power-generation plants.

In the water resources sector, Torres (2020) observed a disparity
between the number of pluviometric and fluviometric stations report-
ed in HIDROWESB for the number of active stations. For example, in
the Sdo Francisco River Basin (BHSF), the author identified that 32%
(567 of the total of 1,748) of the river stations, and 53% (1,009 of 1,878)
of the rain stations were deactivated.

After analyzing these aspects, an investigation was carried out on
the presence of databases that integrate information from different sec-
tors. In this case, the only databases (Table 2) that meet these require-
ments are:

o the grant registry/ANA, which lists the elements of water-irrigated
agriculture, and water - energy (water demand for some types of
energy, such as thermoelectric and hydroelectric);

UNICA, which relates energy and agriculture (production of bio-
energy from sugar cane);

IBAMA, which brings multiple variables, such as biome-energy
sources-solid waste;

the Bank of Environmental Data shared between ANA-IBAMA
(aimed at sharing different projects between ANP and IBAMA
aiming at the optimization of the environmental licensing process-
es of the oil and gas industry in Brazil);

the SNIS that relates the elements energy-water (consumption in

the sanitation segment).

Specifically, for the registry of grant/ANA, it was observed that this

database holds the geographic coordinates of the points of water col-

203

lection for irrigation, and may represent the irrigated agriculture sector
in terms of the location and number of the cultures practiced by the
hydrographic basin.

As a last point of data analysis, nine national and international
platforms were identified, which have information of interest for the
sectors in question:

o National Spatial Data Infrastructure (Infraestrutura Nacional de
Dados Espaciais — INDE);

Information and Knowledge Management System for the Brazilian
Semiarid Region (Sistemna de Gestdo da Informagdo e do Conheci-
mento do Semidrido Brasileiro — SIGSAB);

Comex Stat: Database linked to the Ministry of Industry, Foreign
Trade and Services;

SIDRAS - IBGE database;

PROCEL INFO: Energy efficiency information center;

SISPPI - Information System on Public Irrigation Projects;
DATAHIDRO-PETROBRAS Corporate System on Water Re-
sources and Effluents;

UN Comtrade Database: UN database;

FAOSTAT - Food and Agriculture Organization (FAO) database;
WaterStat-Water footprint statistics.

All of these information systems, despite not being directly linked
to the institutions listed in Figure 1, should be considered in the inves-
tigations contemplating the nexus concept as it contains a large amount
of data measured for multiple spatial scales and contain open access
data. For example, the information platform of the Brazilian semiarid
region presents data on a regional scale, and the international database
(WaterStat) displays information on the water footprint and virtual wa-
ter of a wide variety of products and services.

In general, some aspects of interest in research related to the nex-
us concept have been discussed. However, other points of analysis
deserve to be deepened, depending on the need for investigation for

a given study.

Step 5: classification of databases

Table 3 lists the classification matrices of the databases listed in
Table 2. It can be seen that more than 80% of the databases express
information that is available for download; approximately 31.4% have
a historical data monitoring period; the time scales most used as a
data output format are annual (14.3%) and multiple (37%), which
includes, annual, regional, and state data; more than 80% have mul-
tiple spatial scales, mainly national and state; more than 70% have
multiple quantities; 37% represent more than one type of database
(mainly characterization and productivity); and more than 50% are
geo-referenced.

From the classification matrix, the databases were structured by
sets of similarities in the information according to the categories pre-
sented in the criteria presented in Table 1 of the methodology.
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SINDAT; C: SIGEL; D: WEB MAP EPE; E: SIGMINE/ANM; F: Open Data /ANP; G: SIGA; H: UNICA; AGRICULTURE SECTOR: A: Open Data/MAPA; B: INMET; C: CONAB;
D: BDPA; E: GEOINFO; F: AGROBASE; G: Agricultural Census; ENVIRONMENT SECTOR: A: Open Data/MMA; B: Open Data/IBAMA; C: Open Data /ICMBIO; D: Open

Data /INPE; E: SFB; F: BDiA/IBGE; G: SIBBR; H: UC/ICMBIO; I: SISolos/ EMBRAPA; J: GeoSGB; K: CPTEC/INPE; L: AdaptaCLIMA; M: BDA/ANP-IBAMA.
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Step 6: structuring and selecting databases

This step represents the last phase of the DSS, in which the da-
tabases are structured and selected. For this process, a structure was
elaborated that facilitated the visualization and selection of the data-
bases (Figure 3). In this structure the databases are grouped by catego-
ry according to the color scale presented in the methodology (Table 1).
Database selection can be manual, or automated in Microsoft Excel.
Figure 3 shows an example of filling in the structure according to the
selection of certain criteria categories.

From the DSS application example (Figure 3), it is possible to an-
alyze two aspects:
« the INMET, despite being present in practically all categories of
the criteria reported in Figure 3. This database represents meteo-
rological-climatological information and does not provide specific
information related to agricultural productivity;
despite the lack of databases in the agriculture sector to represent
the hydrographic basin category, it can be seen that the registry
of grant/ANA the water sector offers valuable information asso-
ciated with the agricultural sector and can supplement this lack
of data.

As for the energy and environmental sectors, the greatest lack of
databases also consists of the geographical scale criterion referring to
the hydrographic basin category. In the case of information from the
environmental sector, this deficiency can be addressed as long as
the databases are georeferenced, allowing integration with multiple
spatial scales through GIS tools. When viewing the results in the DSS
structure, two directions tend to be considered: the first corresponds
to the possibility of changing from a more restrictive category to a less
restrictive one to serve all sectors under analysis; the second involves
choosing to remain in restrictive categories even though they do not
include all the databases of the different sectors. This assumes the nec-
essary simplifications and limitations in the development of an inte-
grated study.

In view of the structure presented in Figure 3 the development of
the steps presented in the methodology was conducted for the databas-
es indicated in Table 2. The discussions exposed in the development
of the steps do not consider other data systems. Therefore, in the case
of insertion of new databases or application to other territorial limits
the methodological, procedure must be adjusted or implemented again

and new investigations must be considered.

Figure 3 - Structure to assist in the selection of databases in a DSS - Example of filling.

*As the categories are modified. the structure’s filling colors and databases are also changed.
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Applicability of DSS in public management

Complex and multidimensional problems involving different sec-
tors of the government require systematic databases that enable the in-
tegration of information. The lack of an information system or the lack
of integration between the data generated by different sectors, often
cause overlapping of projects (Cisne, 2012), misaligned or weak deci-
sion-making processes, and wastage of time and money.

According to Rosales-Asensio et al. (2020), access and integration of
databases represent a major challenge for the management of natural re-
sources. The compilation of standardized data can help to deal with prob-
lems related to consistency, comparability and scale, in addition to the lack
of information from certain sectors (Rosales-Asensio et al., 2020).

In this sense, the DSS proposed in the present study, based on the
“Nexus of water—energy-agriculture—environment” approach is a new
tool for public managers to assist in investigating the level of compat-
ibility and data leveling between information present in different da-
tabases. The DSS represents a powerful tool for identifying and orga-
nizing problems, analyzing different alternatives, and determining the
best course of action (Porto et al., 2003; Ahmadi et al., 2020). For this,
it is essential to automate the DSS for time optimization and its appli-
cation to databases covering other sectors and spheres of government,
whether they are from the union, state, or municipal.

Therefore, any plan, program or project that involves multiple sectors
can use the DSS. This system aims to optimize planning and contribute
to a better decision-making process and definition of integrated strate-

gies, which tend to be reflected in greater efficiency and effectiveness.

Conclusion

The DSS proposed in the present study has the main purpose of as-
sisting the development of integrated and interdependent studies (nex-
us concept) of a quantitative character. From the application of the DSS
to the databases of the water, energy, agricultural, and environmental
sectors present in the Brazilian context, it was possible to point out

some limitations of this approach as well as future directions.

Limitations

« In general, the information corresponding to the sectors analyzed
is dispersed in different institutions and does not have data stan-
dardization or uniformity; that is, most databases were structured
to answer the demands of their sectors, without the prospect of
integration with data from other sectors;

The uniformity of some information is difficult to achieve, especially
when it involves different spatial and time scales. In the case of spatial
scales, standardization becomes easier when the data are georeferenced;

« To date, there are no national databases in the country that make
it possible to investigate the impacts of water use by power plants
(thermoelectric, solar, oil, coal, and natural gas) on the water avail-
ability of the hydrographic basins where they are located (systems

water allocation);

« In the energy to water (sanitation) relationship, the database that
stands out is the SNIS; however, it does not present the energy con-
sumption in the different stages of the process;

o In the environmental sector, a large number of elements are at
play, and consequently, it has the largest number of databases.
However, in most cases, the information is not related to data
from other sectors;

« Some interactions between water, energy, agriculture, and the en-
vironment cannot be developed by considering the analyzed da-
tabases; for example, energy consumption in irrigated agriculture
and consumption of water and energy for all types of energy in the

Brazilian matrix.

Directions and recommendations

o The adoption of macro-scales, spatial (national), and temporal
(annual) uniformity facilitates the integration of the informa-
tion collected. In general, working with micro- scales (such as
small hydrographic basins) makes it difficult to develop inte-
grated studies because of the low quantity of monitoring data;
however, the micro-scale does facilitate database development
in terms of reducing the number of variables accounted for in
the process;

o Itisnecessary to link the georeferenced databases with the produc-
tivity databases;

« The databases of the energy sector, which may mention SIGA/
ANEEL and ANP, should expand their information in the plant’s
register. For example, for thermoelectric plants and oil refiner-
ies, the type of cooling system, type of thermodynamic cycle, fuel
used, and water situation in the region where they are located
should be recorded;

o The agricultural and energy sectors should structure an inte-
grated database combining different energy crops for the pro-
duction of biofuels. The UNICA database for sugarcane is a fine
example; however, it could be expanded to contain other infor-
mation such as energy consumption, and water and energy use
in production;

o It is recommended to apply the proposed procedure to databases
present in other entities of the Federation, and to expand analyses
to global databases, mainly related to the environmental and ag-
ricultural sectors. It is also recommended to structure integrated
databases between the sectors involved, aiming at greater leveling
and uniformity in the presentation of information. Doing so will
reduce uncertainties and direct systemic planning and manage-

ment strategies.
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