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ABSTRACT. The Strategic Environmental Assessment (SEA) of the sugar and alcohol sector guides a
territorial and sectoral planning that benefits most of the local society and supports this economic activity
in all its stages. In this way, the present work aims to determine an index of aggregation of the indicators
generated in the baseline of the SEA process, called Index of Sustainability of Expansion of the Sugar and
Alcohol Sector (IScana). For this, it was used the normalization of the indicators of each city by the fuzzy
logic and attribution of weights by the Analytic Hierarchy Process (AHP). Then, the IScana values had
been spatialized in the region of ‘Grande Dourados’- Mato Grosso do Sul State. The northern portion
concentrated the highest values of IScana, 0.48 and 0.55, referring to the cities of Nova Alvorada do Sul and
Rio Brilhante, while, in the central portion, the city of Dourados presented the lowest value, 0.10. The
selection of the set of indicators forming the IScana, and their relative importance, was satisfactory for the
application of fuzzy logic and AHP techniques. The IScana index supplies objective information regarding
the diagnosis of the region for the application of SEA.

Keywords: sectoral planning, fuzzy logic, AHP method.

Analise multicritério no contexto da avaliagao ambiental estratégica do setor sucroalcooleiro

RESUMO. O processo de Avaliagio Ambiental Estratégica (AAE) do setor sucroalcooleiro orienta o
planejamento territorial e setorial que beneficia maior parte da sociedade local e conduz a sustentabilidade
desta atividade econémica em todas as suas etapas. Deste modo, o presente trabalho busca determinar o
indice de agregagio dos indicadores gerados na etapa de baseline do processo de AAE, denominado Indice
de Sustentabilidade de Expansio do Setor Sucroalcooleiro (IScana). Utilizando, para tanto, normalizagio
dos indicadores de cada municipio, por meio de légica fuzzy, e atribuicio de pesos, através de Analytic
Hierarchy Process (AHP). Em seguida, o IScana foi espacializado na regiio da Grande Dourados, Estado do
Mato Grosso do Sul. A por¢io norte concentrou os maiores valores de IScana, 0,48 e 0,55, referentes aos
municipios de Nova Alvorada do Sul e Rio Brilhante, respectivamente, enquanto, na parte central, o
municipio de Dourados apresentou o menor valor de sustentabilidade, 0,10. A sele¢io do conjunto de
indicadores que formam o IScana, bem como a importincia relativa definida para os quais se apresentaram
satisfatérias na aplicagio da técnica que incorpora légica Fuzzy e o método AHP. O indice IScana, aplicado
na escala de municipios e associado a utilizagio de SIG, fornece informagdes objetivas sobre o diagndstico
da regio de aplicagao da AAE.

Palavras-chave: planejamento setorial, 16gica fuzzy, método AHP.

Introduction

The increasing energy demand over the world has
led to remarkable agricultural and industrial expansion
of the sugar and alcohol sector in various locations of
Brazil (CAMPOS et al., 2008; MORAES, 2007). There
is an expressive concentration of sugarcane cultivation
around these industries, besides the orientation of
political, actions of the
municipalities support and
development of this activity.

economical and social

involved in the

Due to the high demand for labor, for raw
material and infrastructure by the sugar and alcohol
activity, it is indispensable a planning that benefits
most of the population, in other words, which aims
the sustainability of the activity in all its stages. For
this, the Strategic Environmental Assessment (SEA)
may be a tool for assessing environmental, social and
economical impacts in the planning phase of
Policies, Plans and Programs (PPP) referent to the
sugar and alcohol sector and its expansion.
Strapasson and Job (2006) commented that the SEA
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can be one of the mechanisms for the development
of sustainability in the sugar and alcohol industry in
social, economical and environmental scopes.

The SEA process encompasses the following
stages: identifying PPP objectives (screening); setting
goals  (scoping);
predicting impacts (scenarios); public consultation
and monitoring (ARCE; GULLON, 2000,
FINNVEDEN et al.,, 2003). In the SEA context,
Dalkmann et al. (2004) recommend the inclusion of
techniques of multi-criteria analysis (MCA) to favor
the applicability of SEA results in the decision-
making process. This allows the aggregation of
variables of influence, of quantitative and qualitative
order, of different units, in order to support the
identification of priorities and viable alternatives in
decision process.

The MCA techniques are objective tools to
analyze multiple factors simultaneously. In this way,
the Analytic Hierarchy Process (AHP), originally
developed by Saaty (1980), is flexible and of easy
implementation of MCA, and it has been widely
used in literature, with several examples in the
localization of better areas for installation (DEY;
RAMCHARAN, 2008; WANG et al., 2009), analysis
of land suitability (BARROS et al., 2007; YANG
et al., 2008) and vulnerabilities (WANG et al., 2008;
OLIVEIRA et al., 2009).

The advantages of the AHP method are: the
lower subjectivity in determining relative weights of
incorporated variables and the analysis of the

selecting  indicators  (baseline);

coherence degree employed by the user, based on
the ratio of consistency obtained (OLIVEIRA et al.,
2009). Moreover, the AHP method has gained
increasing acceptance worldwide, as one of the most
powerful methods of decision making (RAHARJO
et al., 2009; VAIDYA; KUMAR, 2006).

Lee and Lin (2008) have integrated the methods
of fuzzy logic and AHP in environmental analyses,
achieving good results. According to Kahraman et al.
(2004), the fuzzy logic provides a systematic basis
that operates ambiguous and subjective situations.
(2006), evaluating the SEA
methodological procedures in Taiwan, recommend
changes in the hierarchy of indicators and the
introduction of fuzzy functions in the quantification
of local sustainability.

The use of Geographic Information System
(GIS) also contributes to the generation of objective
information and systematization of the SEA process,
allowing the spatial representation of several aspects
covered in the process, the identification facilitated

Liou et al

Oliveira et al.

of possible conflicts of land use, and provides a basis
that integrates the assessments developed during the
SEA process (GONZALEZ etal., 2008).

In this way, the present study aimed at
determining an Index of Sustainability of Expansion
of the Sugar and Alcohol Sector (IScana), employing
the fuzzy logic and AHP to aggregate the indicators
generated in the baseline step of the SEA process, in
order to consolidate a sector monitoring tool.

Material and methods

Study area

The study was conducted using as a basis the
region of ‘Grande Dourados’, composed of 12
municipalities with considerable economic expression
in the state of Mato Grosso do Sul (Figure 1).
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Figure 1. Location of the region of ‘Grande Dourados’.

The territorial extension of the region of ‘Grande
Dourados’ is 26,642.40 km?2 equivalent to 6.92% of
the state area. This region has relative homogeneity
of the productive sectors, routes of production and
access, infrastructure and environmental characteristics.
The process of occupation in the region followed the
economic cycles of the country and state, with the
expansion of agriculture and livestock (OLIVEIRA
et al., 2011). Currently the urban perimeter of
Dourados municipality may be classified as a
regional hub, centralizing the development and
commercialization of products, and the rest of the
municipalities in the region are predominantly
suppliers of basic inputs.

Recently, the sugar and alcohol activity is under a
striking expansion in the region of ‘Grande Dourados’,
with eight industries and an area of 120,500 ha of
sugarcane crops (CANASAT, 2009) (Table 1).

Acta Scientiarum. Technology

Maringa, v. 34, n. 3, p. 303-311, July-Sept., 2012



Multi-criteria analysis in the strategic environmental assessment

Table 1. Obtaining selected indicators.

Planted Number of industries

Municipality Population area (ha) in the sector
Jatei 3,913 788 1
Douradina 5,047 0

Vicentina 5,787 1,618

Gléria de Dourados 9,915 31

Deodipolis 11,586 745

Nova Alvorada do Sul 12,430 22,332 2
Itapora 19,187 4,420

Fatima do Sul 19,327 79

Caarap6 23,437 890

Rio Brilhante 27,435 59,453 1
Maracaju 31,933 25,092 3
Dourados 18, 7601 5,051 1

Selection of indicators

The indicators selected to compose the IScana
are based on three dimensions of sustainability:
social, environmental and economic. For this, the
indicators considered relevant refer to sugarcane
cultivation, environmental protection, educational
structure, Human Development Index of the
municipality ~ (IDH-M),  industrial  energy
consumption, and percentage of formal jobs. The
Table 2 lists the ways of obtaining each indicator
during the baseline of the SEA process.

At the step of indicators selection, it was weighed
the representativeness degree of the dimensions of
sustainability and the feasibility of constant
obtaining of these variables by the actors involved in
SEA process. Thus, most variables used were
obtained from data made available free by
government agencies in the World Wide Web.

Table 2. Process of obtaining the selected indicators.
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The values of the indicators used to generate the
IScana for each municipality are shown in Table 3.

Interpretation and integration of indicators

The sequence of steps aiming the interpretation
and integration of indicators were developed in a
spreadsheet  (Microsofit ~ Office  Excel), making
operations of indicators normalization, assigning
relative weights, aggregation and generation of the
IScana (index of sustainability of expansion of the
sugar and alcohol sector) for each municipality of
the region of ‘Grande Dourados’. Then the values of
the IScana index were spatialized in a GIS
environment, in the software ArcGIS 9.2° (ESRI,
2006), analyzing their distribution pattern in the
study area.

Normalization of the indicators by Fuzzy inference

The values presented in the Table 2 were
transformed to the same unit of measure, using
fuzzy inference, where it was used the sigmoid
function for the normalization of values to a scale
from zero to one, making them comparable. The
sigmoid function, in its various forms: increasing,
decreasing, and symmetric is presented in Figure 2.

The fuzzy functions include control points,
which are independent variables that define the
upper and lower limits for the normalization of the
indicators values. The Figure 3 shows the equations
involving the control points for each specific fuzzy
function.

Indicator Operation

Unit Source

Sugarcane cultivation

Environmental protection
Educational structure

IDH-M Observed values

Industrial electric power

Formal jobs

Sugarcane cultivation Area (2005-2009)/ Municipal area

Conservation Units Area / Municipal area
Municipality population/ number of teachers

Industrial consumption of electric power

Number of formal jobs / Municipal population

CANASAT (2009)
SEMAC (2008)
IMASUL (2008); SEMAC (2008)
SEMAC (2008); MTE (2008)
PNUD (2000)

SEMAC (2008)

MTE (2008)
SEMAC (2008)

(% of municipal area)

(% of municipal area)
(inhhabitants/ teacher)
dimensionless

(Mwh)

(% of municipal population)

Table 3. Values of selected indicators per municipality.

Environmental Economic Social
Municipality Sugarcane cultivation Environmental protection Formal jobs Industrial electric power Educational structure IDH-
(%) (%) (%) (Mwh) (inhabitants/teacher) M
Jatei 0.00 0.00 0.10 3.0 78.26 0.72
Douradina 0.00 0.11 0.03 11.0 72.10 0.71
Vicentina 0.00 0.00 0.04 291.0 81.51 0.73
Gléria de Dourados 0.00 0.00 0.05 3090.0 75.11 0.75
Deodipolis 0.00 60.46 0.05 3152.0 80.46 0.74
Nova Alvorada do Sul 0.04 30.80 0.22 6196.0 77.20 0.75
Itapora 0.00 1.78 0.08 6989.0 102.60 0.71
Fitima do Sul 0.00 97.63 0.06 6196.0 90.31 0.75
Caarapd 0.00 7.19 0.11 3251.0 94.50 0.72
Rio Brilhante 0.06 0.00 0.25 5381.0 118.25 0.75
Maracaju 0.03 0.22 0.17 6546.0 82.51 0.78
Dourados 0.00 0.59 0.16 31522.0 99.00 0.79
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Figure 2. Sigmoid fuzzy functions: (A) decreasing; (B) increasing; and (C) symmetric, with optimal range. Legend: a, b, ¢ and d are
control points.

When the function is increasing, the variables b, ¢, and d are equal:

n(x)=0sex<a
nE)=costaea=(1-(x—a)/(b—a))n/2sex=aex<h
px)=lsex>b

When the function is decreasing, the variables a, b and ¢ are equal:
nx)=lsex<c
n(x)=cosloea=(x-c)/(d-c)n/2sexzcex<d
n(x)=0sex>d

When the lunclionis symmelhc:

p(x)=0sex<a
n()=cosloea=(1-(x—a)/(b—a))-n/2sex=>aex<bh
p(x)=lsex>bex<c
n(x)=cos’aea=(x-c)/(d-—¢c)-n/lsexzcex<d
p(x)—0scx=d

Figure 3. Scheme of sigmoid fuzzy functions applied to conditions of decreasing increasing and symmetric.

The values of each variable were normalized The indicators ‘environmental protection’, ‘formal
using the sigmoid fuzzy function suitable to the  jobs’ and TDH-M’ have values directly proportional
peculiarities of each variable, i.e., whether favor or to the encouragement of sustainability, while the
not the sustainability. For the indicators ‘sugarcane indicators ‘education’ and ‘energy’ have values that
cultivation’ we adopted a symmetric function, due to are inversely proportional, hence the application of
the limits on the municipal percentage with planted increasing and decreasing functions, respectively
area, preventing the establishment of a monoculture. (Table 4).
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Table 4. Values of the selected indicators.

Control points

Indicator Function b q
C

Sugarcane cultivation Symmetric -

(% of municipal area) sigmoid 0 10 1520

Environmental protection Increasing

(% of municipal area) sigmoid 0 202020

Educational structure Decreasing c

(inhabitants/teachers) sigmoid o R

IDH-M Increasing o111

sigmoid

Industrial electric power Decreasing

(Mwh) sigmoid 0 0 0 31,522

Formal jobs Increasing

(% of municipal population) sigmoid 0 BB B

The lower and upper control points that limit the
scale from 0 to 1, applied for the normalization of each
indicator, were set arbitrarily based on the references of
order national, international, and local, as follows:

- The proportion of sugarcane cultivation was
set as ideal in the range between 10 and 15% of
municipal area, in order to prevent the harmful
condition of the monoculture and, at the same
time, stimulate the production within acceptable
limits. These limits were determined from a law
project  recently  subjected in  Dourados
municipality, which limits the sugarcane
cultivation to 15% of municipal area.

- The proportion of Conservation Units was
considered as ideal when exceeding the level of
20%, since, taking the entire municipality as a
rural area, this would be the portion of legal
reserve, pursuant to the Law 4771/65 (BRASIL,
1965).

- Regarding the education, we took as
reference the current condition of Brazil of 79
inhabitants/teacher and of Cuba, with 42
inhabitants/teacher (L()PEZ, 2000), as the worst
and the best condition, respectively.

- The IDH-M was used directly, since its
values are already on a scale from 0 to 1.

- In relation to the energy, it was assumed that
the sugar and alcohol industries are mostly self-
sufficient and even suppliers of electric power, so
that the current levels of industrial consumption
tend to decrease from the level of 31,522 Mwh
(SEMAC, 2008).

- The percentage of formal jobs was defined as
ideal starting at 45%, since this is the average for
the Middle-West region and for Brazil (IBGE,
2000), thus, from this level the municipality is
already in acceptable condition within the
regional and national context.

Assignment of weights and aggregation of indicators

The first step of the AHP method is the
structure of the decision problem in a hierarchy. A

typical hierarchy of this method represents an
overall objective of the decision-making process
(objective) at the upper level, the criteria that affect
the decision at an intermediate level, and the
decision options (alternatives) on the lower level.
The second step is the comparison between pairs of
criteria (TEGOU et al., 2010). So, along with the
indicators normalization, we measured the relative
importance of them by means of the AHP method,
in which the indicators were compared two by two,
in the context of the decision-making process or
during the SEA.

The AHP method is based on a square matrix
(n x n), where the rows and columns correspond to
the » analyzed criteria for this issue. Thus, the value
aij is the relative importance of the indicator at the
row i, given the indicator at column j. Considering
that this matrix is reciprocal, only the lower
triangular half needs to be evaluated, since the other
half comes from this, and the main diagonal assumes
values equal to 1 (ZAMBON et al., 2005). The
indicators are compared arbitrarily from a scale of
values from 1 to 9, defined by Saaty (1980) (Table 5).

Table 5. Scale of AHP values for pairwise comparison.

Degree of Definition and Explanation

importance

1 Equal importance. The two factors contribute equally.

3 Moderate importance. One factor is slightly more important
than the other.

5 Essential importance. One factor is much more important
than the other.

7 Demonstrated importance. One factor is strongly favored,
and its greater relevance is shown in practice.

9 Utmost importance. The evidence that differ the factors is of
the highest order possible.

2;4;6;8 Intermediate values between the trials.

Source: Modified from Saaty (1980).

From the choice of criteria for comparison and
the establishment of the relative importance of each
information plan, the AHP model informs a
Consistency Ratio (CR). This is used to determine
the degree of coherence when comparing the
variables (ALPHONCE, 1997; DAI et al., 2001).
The consistency ratio should be lower than 0.1, for a
6-elements matrix, and when there are higher
values, it is needed revisions of the comparisons
performed (SAATY, 1977).

Through trials arbitrated by experts involved in
the SEA process, the pairwise comparison of the
indicators has prioritized, at higher levels of
importance, the diversity of cultivations in the
region, and the lower consumption of electric
energy, at similar level, it was considered the job and
education, while the IDH-M and the environmental
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protection, by means of conservation units, were
defined as less important. To this end, we used the
matrix in the Table 6, in which was obtained the CR
value equal to 0.1.

Then the Index of Sustainability of Expansion of
the Sugar and Alcohol Sector, so-called IScana, was
generated through the Weighted Linear Combination

(WLC) (Equation 1).
IScana = Zi=1X,.VI/I. 1)

where:

IScana: Index of Sustainability of Expansion of
the Sugar and Alcohol Sector;

Xi: normalized value of each indicator i (with
i=1,.., n);

n: number of indicators;

Wi: relative weight of each indicator i (with
i=1,..,n).

Results and discussion

The application of the AHP method, given the
pré-established trials, promoted the following
importance order of the indicators compounding the
IScana:  environmental  protection, IDH-M,
educational structure, formal jobs, industrial energy,
sugarcane cultivation. The normalized values of the
social, economic and environmental indicators
relative to each municipality of the region of
‘Grande Dourados’, the relative weight of the

Table 6. Relative importance of each indicator*.

Oliveira et al.

indicators, and the IScana index obtained, are listed
in Table 7, with the population range, area with
sugarcane cultivation, and number of industries.

The IScana values had little variation for the
municipalities with population up to 20,000
inhabitants (0.32-0.33), and greater variation for the
municipalities with  population over 20,000
inhabitants (0.10-0.55). The spatial distribution of
the IScana wvalues in the region of ‘Grande
Dourados’ (Figure 4) evidenced that the southern
region have similar values, in the range from 0.32 to
0.33, corresponding to the municipalities of Jatef,
Vicentina, and Gléria de Dourados, Mato Grosso do
Sul State, while the northern region concentrates
higher values of IScana, 0.41, 0.48 and 0.55, relating
to the municipalities of Maracaju, Nova Alvorada do
Sul and Rio Brilhante, Mato Grosso do Sul State,
respectively. In the central part, the municipality of
Dourados had the lowest sustainability value, 0.10.

The municipality of Rio Brilhante achieved the
highest index of sustainability in the region of
‘Grande Dourados’. This is because of the suitable
percentage of area with sugarcane cultivation, and
high proportion of formal jobs in relation to the
total population, however, there should be greater
efforts to implement conservation units in the
municipality (Table 3). On the other hand, Nova
Alvorada do Sul, Mato Grosso do Sul State,
presented the second highest values of IScana, due
to the significant degree of environmental
protection.

Sugarcane cultivation

Environmental protection  Formal jobs

Industrial electric power  Educational structure  IDH-M

Sugarcane cultivation 1

Environmental protection 1/4 1

Formal Jobs 172 3 1

Industrial electric Power 1 3 2 1

Educational structure 12 3 1 1/2 1

IDH-M 1/4 1 1/2 1/3 1/3 1
*CR = 0.1

Table 7. Normalized values and relative weights of the indicators, and the IScana obtained.

Variable

Sugarcane cultivation Environmental protection Formal jobs Industrial energy Educational structure IDH-M

Population range (ha) e ~eighes 0.28 0.07 0.15 0.26 0.16 007 Lcana
Jatei 0.00 0.00 0.12 1.00 0.00 072 033
Douradina 0.00 0.00 0.01 1.00 0.08 071 033
Lower than 10,000 Vicentina 0.00 0.00 0.02 1.00 0.00 073 032
Gloria de 0.00 0.00 0.03 0.98 0.03 0.75 032
Dourados
Deodipolis 0.00 1.00 0.03 0.98 0.00 074 038
Nova _
10 to 20,000 Alvorada do Sul 031 0.44 0.50 0.91 0.01 075 0.48
Ttapora 0.00 0.02 0.07 0.88 0.00 071 029
Fitima do Sul 0.00 0.96 0.05 0.91 0.00 075 036
Caarap6 0.00 0.29 0.14 0.97 0.00 072 034
20 t0 30,000 Rio Brilhante 0.59 0.00 0.59 0.93 0.00 075 055
. Maracaju 0.25 0.00 0.31 0.90 0.00 078 0.41
Higher than 30,000 Dourados 0.00 0.00 0.28 0.00 0.00 079 0.10

Arithmetic mean

0.35

*CANASAT (2009).
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Figure 4. Spatialization of the IScana in the region of ‘Grande Dourados’.

The lowest IScana values was found in the
municipality of Dourados, mainly due to the high
consumption of energy, the low educational levels (low
concentration of teachers per capita), and the low
sugarcane These
characteristics, partly, match the condition of regional
hub given to this municipality.

The technique that incorporates the fuzzy logic and
the AHP method (Fuzzy-AHP) applied to the
aggregation of indicators referent to the sustainability
dimensions is appropriate, because the proposed IScana
index obeys a pattern of spatial distribution coherent to
the development conditions of the region. Employing
similar methods, Pereira et al. (2008) defined the best
locational alternative for an industrial area, taking into

percentage  of cultivation.

account the aggregation of environmental, social and
economic factors of the study region.

The application of the methodology (Fuzzy-AHP)
enables the joint analysis of several kinds of variables in
an objective way. In this way, Dalkman et al. (2004)

proposed the evolution of the Strategic Environmental
Assessment (SEA) for the Analytical Strategic
Environmental Assessment (ANSEA), by using multi-
criteria analysis techniques, aiming lower subjectivity
during the SEA process. In accordance with Pischke and
Cashmore (2006), this analysis should be adopted, since
the traditional methods of assessing environmental
impact do not guide, clearly, the SEA process.

In this way, the IScana index associated with the
use of GIS is presented as a tool for data integration at
baseline of the SEA process, by providing objective
information about the diagnosis of the region of
application of the SEA, and subsidy for further
decision-making in the process of development of the
region.

The methodology (Fuzzy-AHP) can also be
applied temporally, in the step of SEA monitoring, thus
contributing to a greater systematization of this process,
during its several stages. The continued
implementation of the methodology to obtain the
IScana index, in different locations and times, allows to
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identify patterns and a possible inference of a rating
sustainability scale of the sugar and alcohol sector.

Conclusion

The technique that incorporates the fuzzy logic
and the AHP method enables the joint analysis of
several aspects of a given productive sector, and
other applications with the goal of measuring the
sustainability.

The selection of the set of indicators to form the
sustainability degree of the sugar and alcohol activity
is satisfactory, because it shows that the quality of
the expansion of the sugar and alcohol sector in a
municipality depends of the achievement of several
features or dimensions.

The IScana index, applied at the municipality
scale, and associated with the use of GIS is a tool for
data integration at baseline of the SEA process, by
providing objective information about the diagnosis
of the region of application of the SEA. In a regional
context, a greater attention should be given to the
locations with lower values of IScana, since they
present some weaknesses that must be addressed.
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