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Abstract: The purpose of this article was to accomplish a literature review to analyze the scientific
studies which were based on Multicriteria Methods to study water resources management in
agriculture. Scientific production indicators were established for the subject, through a descriptive
analysis of 519 publications data set generated by the Scopus database search engine.
The publications were refined applying several criteria resulting in 30 articles considered to be the most
important to interpret the factors that detail the researched topic. The analyzed scientific studies also
show that the structuring of multicriteria models is designed to better understand the problem or the
process of decision making rather than to make the decisions itself. Furthermore, to the water
resources management field, they provide a way to discuss and deal with problems like water
distribution and pollution. An aggregating function along with a compensatory approach is used in most
publications. Although participatory techniques were not the approach used by most studies, its
potential was recognized for dealing with problems such as water management resources.

Keywords: Water resource management; Decision-making; Agriculture.

Resumo: O objetivo deste artigo foi o de realizar uma reviséo bibliografica para analisar as
produgdes cientificas que fizeram uso de ferramentas multicriteriais para o gerenciamento da
agua na agricultura. A metodologia utilizada segue um conjunto de processos especificos da
pesquisa bibliométrica. Foram estabelecidos indicadores de produgéo cientifica, através de
analise descritiva dos dados, a partir de 519 publicacdes geradas pela estrutura de busca na
plataforma Scopus. As publicagdes foram refinadas com a aplicagdo de critérios de selegao,
resultando em 30 artigos que mais adequadamente abordam a tematica pesquisada. A produgéo
cientifica discute a gestdo dos recursos hidricos e formas de prevenir e reduzir a poluigdo da
agua, a partir da estruturagéo de modelos multicritérios projetados para entender o problema e
o processo da decisdo. Nos trabalhos analisados predomina a abordagem compensatoria
agregando os critérios em uma fungdo de sintese. As abordagens participativas para construgéo
dos modelos ndo sdo a maioria, mas identificou-se bom potencial de uso para problemas
relacionados a gestao de recursos hidricos.
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1 Introduction

The consequences of the productivity-based development model can be seen in
economic, environmental, and even social dimensions. In nature, among several other
negative implications to natural ecosystems, these consequences can reflect on a poor
commitment with water quality. Following this line of thinking, the main questions in this
study will be focused on water resources management.

Although it had been addressed by several constitutions since the Empire period, the
water was only discussed objectively in terms of domain (Union, States and Counties)
and classification (common public waters and private waters) by the Decree 24,643 of
1934. Later, in the Constitution of 1988 (Brasil, 1988), articles of procedural, penal,
economic, sanitary, custodial and administrative nature were established. Since then,
water has become public domain and its management is shared among the Union, States
and Counties, while the Union remains the only legislative instance (Pes, 2005).

At this time, Brazilian waters are regulated by Law 9,433 of 1997, also known as
The Water Law (Lei das aguas). It instituted the National Water Resources Policy
(NWRP) and the creation of the Catchment Basin Committees (CBC). The committees
are institutional arrangements represented by the public power, civil society and water
users, responsible for the decentralized and participative management of the water
resources (ANA, 2012).

Both the creation of Catchment Basin Committees in Brazil and the growth in the
number of diagnoses that involve water sources management are efforts that have
shown concern for this natural resource. Nonetheless, water is an element of nature
that expresses biologic and socioeconomic value, while its management is complex
and involves a multitude of actors with multiple objectives. Through this perspective,
even considering that the water resources are not divided by sector, such as
agriculture, industry and services, this study will attempt to highlight a methodology that
might be able to contribute to the water resources management within agricultural
production systems.

The intended objective is to gather bibliometric data that may allow filtering for the
scientific studies that approach water resources management with an agricultural view,
especially those in which a Multicriteria Method is the main investigation tool.
Specifically, the aim is to understand the relevance of using this methodology to tackle
the problem at hand by identifying what was researched as well as the recent trends.
Another goal is creating a database with relevant publications that allow for refinement
of the methodology to be used in water management problems. For that purpose,
relevant scientific publications from the Scopus database were examined, analyzed
and selected based on their relevance to this study.

2 Theoretical background

Understanding the elements associated with the farmer's decision making process
can be essential to interpret their behavior and stance on adopting conservation
practices and techniques. According to Prokopy et al. (2008), structural variables have
a greater influence on decisions than personal ones. In this context, this means
property size, income, type of agricultural activity and government program
participation weigh more than being conscious of environmental problems.

Since farmers differ in structural, cultural and psychological characteristics, this
heterogeneity reflects on their spatial and temporal decision making patterns
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(Xavier et al, 2012). The set of decisions made is not defined only by economic
rationality. Other factors, such as common sense, accumulated empiric knowledge and
family wellbeing are essential to their choices (Lima et al, 2005).

Some studies have been examining the relation between the adoption of
conservation practices and the discrete variables of the farmer, like age, education,
land tenure and land size. While some emphasize the attitudes and motivations
(Lynne et al., 1988; Ryan et al., 2003), others stress different social, economic and
structural variables (Tosakana et al., 2010; Napier et al., 2000; Lemke et al., 2010).
Despite this, it is highly unlikely that there is a single variable that can, universally,
influence the propagation and adoption of conservation practices.

An alternative way to address the multidimensional and subjective aspects
associated with the decision making processes in catchment basin management is
found through the use of Multicriteria Methodologies. These methods consider the
multidimensional and complex nature of the problems while looking for a way to see
the weight of each of them in decision making, evaluation or monitoring situations.
Whether the objective is to order or categorize, it is intended to allow the involved
parties the possibility of choosing the best course of action in each context (Bana e
Costa & Pirlot, 1997).

On international literature, several terminologies can be found on the field of
Multicriteria Method, each of them representing a school of thought. A comprehensive
analysis of these schools is not within the scope of this study. However, the works of
Greco et al. (2016); Ehrgott et al. (2010) and Zopounidis & Doumpos (2016) constitute
a good starting point to understand the relation between these methods and Decision
Science.

A small disambiguation effort can be made over this topic, regarding MultiCriteria
Decision Analysis and MultiCriteria Decision Aid. In the field of MultiCriteria Analysis
(MCA), both of these schools use the same acronym: MCDA. The differences rely on
the paradigm through which the basic postulates of the preference theory are
interpreted.

The MultiCriteria Decision Analysis is born and consolidated within the scientific
community in the 1960s and is found between two major fields of knowledge.
The decision and the decision making process are common themes addressed by
Administrative Science, whereas Multicriteria Methods are typical of Operational
Research (Roy, 1993). Conversely, despite the ELECTRE methods surfacing in the
1960s and being a key development within the MultiCriteria Decision Aid schooal, it was
only consolidated throughout the 1970s with the organization of the first conference of
the European Working Group 'Multicriteria Aid for Decisions' in Brussels, 1975 (Roy &
Vanderpooten, 1996).

Operationally, the Multicriteria Methods for analysis or aid are ways to model
complex situations, considering both qualitative (environmental, social, organizational)
and quantitative factors (costs involved, physical variables). They provide a
psychological foundation that takes several variables into account, such as the
behavior of the decision makers in risk situations, imprecision or even lack of
understanding (Ensslin et al., 2001).

This seems to be the scenario of the problems related to natural resources usage,
especially in the case of water resources. Environmental problems are on a worldwide
scale, with many parties involved, long term impact and little detail of possible
consequences. Consequently, the environmental problems require political and ethical
alternatives based on scientific predictions and techniques of quantitative and
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qualitative nature (Funtowicz & Ravetz, 1997). This validates an interest on Multicriteria
Methods.

In this study, the main objective was to find works about water resources management
within the scope of international literature, considering how different authors use
methodology and the contribution of each criteria (aggregative or non-aggregative);
how they solved the conflict between criteria (compensatory or non-compensatory)
and, lastly, how they consider the preferences of the stakeholders in the elaboration of
the model (participatory or non-participatory construction). The following section will
detail the procedures of data gathering and analysis of the literature.

3 Methodology

The set of systemic activities contained in this study is of exploratory nature and
aims to find key elements to structure the research problems regarding water resource
management. Methodological procedures include knowledge, organization and
classification of the publications in which the Multicriteria Method has a key role as a
research tool.

A bibliometric analysis was carried out using tools to create indices that descriptively
portray the scientific productions about a central problem. Bibliometrics is a branch of
Information Science that seeks to measure written communication processes and
produce document information surveys (Treinta et al, 2014). Allan Pritchard, in his
article Statistical Bibliography or Bibliometrics, from 1969, defines bibliometrics as
“[...] the application of mathematics and statistical methods to books and other media
of communication [...]" (Pritchard, 1969, p. 349).

Thus, bibliometrics make it possible to build a map of the knowledge structure of a
particular scientific field (Vanti, 2002); or, even, a statistical analysis of the scientific
publishings for a certain field. Based in the bibliometric method, the procedures used
can be splitin four steps, illustrated in the Figure 1 below.

Steps of the bibliometric research

1° Research objectives

2° Research protocol ‘ 3° Data analysis ‘ 4° Research Summary

Define ;
Research IBSiepley ey apply S Present results
theme concepts database filters data

Figure 1. Orienteering Steps for the bibliometric research. Source: Authors.

The first step (research objective) is the establishment of the theme to be studied,
in this case: water resources management. As the study progressed, it was possible to
refine the problem at hand. The adjustments led to a more specific problem:
multicriteria tools for water resources management.

The second step, named research protocol, covers the choice of database, the
definition of basic concepts, the search execution and the organization of the document
portfolio. Scopus was chosen as it is considered to be the biggest multidisciplinary
peer-reviewed literature database: scientific journals, books and conference
documents (Elsevier, 2017). In addition, Scopus provides several research and
analysis tools that allow for a series of filters to fine tune the publications shown
(by timeframe, type of publication, language, area of interest, and others).
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Still in this stage, basic concepts to be explored as well as the search query for the
database are defined. Firstly, a couple of simple and compound words considered
relevant to the topic were appointed and organized in four different categories.
Following this, eight search queries were constructed for the initial tests on the Scopus
platform. After testing, the need to eliminate similar words was verified, resulting in the
reduction of categories from four to three (Chart 1).

Chart 1. Key words and search structure used in bibliometric research.

Axis 1 - Key words Axis 2 - Key words Axis 3 - Key words
Environmental management; | Farmer; Agriculture; Rural Multicriteria; MCDA;
Water resource; Water stakeholders; Landowners; Multi-criteria; Multicriteria
management; Water Conservation Decision
conservation; watersheds;

Catchment

Search query

“Environmental management” OR “Water resources” OR “Water management” OR “Water
conservation” OR “watersheds” OR “Catchment”

AND

“Multicriteria Decision” OR ” MCDA” OR “Multi-criteria” OR “Multicriteria”

AND

“Farmer” OR “Agricultur” OR “Rural stakeholders” OR “landowners” OR “Conservation”

Note: the logical OR operator adds words and, with it, the search query identifies publishings with two or more
words or documents containing at least one of them. The AND operator was applied to determine publishings
with one or more sets of words before it, and with one or more sets after it. A wildcard (*) was applied to
replace any amount of letters. For example: a wildcard in Agricultur* will find documents with the words
Agricultural as well as Agriculture.

The assembly of a database began on the third step. Afterwards, filters were applied
to keep only the relevant studies. The filters used were the following: (a) Time frame
(studies within the time frame of 2000 to 2017); (b) Type of publication (select only
peer-reviewed scientific articles for the database); (c) Area of knowledge (limits to only
areas of knowledge relevant to the present study); (d) Keywords (defines the words
related to the intended search).

A qualitative filter was also applied in this step, through the analysis of titles and
abstracts of publications in order to select articles aligned with the study’s subject
matter. The chosen articles for the sample shown in Chart 2 meet with the following
criteria: research problem approach (aggregative or non-aggregative), problem solving
techniques (compensatory or non-compensatory), as well as the participation or lack
thereof of stakeholders in the model structuring. The information was organized and
summarized, as will be shown in the next item.

4 Research results

The frequency and position of words in writing is called Zipf's Law, homage to the
Harvard University linguistics professor George Kingsley Zipf (1902-1950) (Jiang & Jia,
2011). Jiang and Jia used this in order to question the arbitrarily or subjectively
assigned geographic limits of counties in the United States. It is not within this study to
engineer a statistic equation or devise linguistic and demographic datasets about this
phenomenon. However, some thoughts arise by observing the map made through
Vosviewer, a free tool available on the web. This software allows the creation of
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bibliometric networks and word networks in order to have a clear view of the relation
between them.

The search carried out within the titles, keywords and abstracts of the 519 selected
publications produced a network of data grouped into four clusters. An amount of
13,371 total items resulted into 318 significant terms. From these terms, a relevance
score was calculated and used to select 191 terms (60% of the most relevant terms).
A graphic representation of network terms was made by the software and is presented
in Figure 2. The icon size is directly proportional to the occurrence ratio of a term in
individual articles, disregarding the frequency of the term in a single article.

The clusters are differentiated by distinct colors for classification purposes only,
devoid of other meanings. The red cluster has 81 items and gathers terms related with
the decision making process. The more common terms are: alternative, solution, cost,
stakeholder, performance and objective. The linking nodes of the words in this group are
close. The green cluster can be interpreted much in the same way. This 59 term cluster
is related with resource use and exploration and has the following terms as the most
frequently present: factor, soil, water, watershed and parameters. Both groups (red and
green) are closely related, although there is some distance between their nodes.

ideal solution

medm
preference

< multi criteria decision
uncertainty
water resourdgs managment
segtor prieritization
water mapagement erit@ion
sitBlion [ nigda watershedimanagement
i eﬁ.gfdﬂ“ support tool analytic hierarchy process ™, preseqit study,
alternativ = e =
4 e R [ b @ 2 s
dss stakehnlder climat@ghange weight,
e g WOrld gy
fu@re cha@vg@" decis‘\%ﬂalysi?‘ analytigal hierarchy process watershed
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rd“:c’isio T exignt i category gis environment
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Figure 2. Association strength of the words most frequently used in the title, key words and
abstracts of 519 publishings. Source: Authors.

Positioned between the former two, with 40 terms, the blue cluster highlights the
following words: water, river, climate, pressure and protection. The last cluster, of
yellow color, has 11 terms and is on the upper part of Figure 2. It relates to all other
clusters, but fosters closer proximity more often with the green cluster. These elements
can be labelled according to dimension, importance or frequency of terms through the
usage of multicriteria methods.
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4.1 Implementation of the search filters

The bibliometric data gathered shows that the scientific articles containing
multicriteria methods in water management had gradual growth throughout the
analyzed time frame, totaling 499 publications between 2000 and July 2017.
The annual average was of approximately 27 publications. Yet, the growth is
substantially rises as of 2005, in which the average increased to 35 articles per year.
The standard deviation values were 17.3 and 14.1, respectively (Figure 3A).
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Figure 3. (A) Trends in the scientific production of Multicriteria Methods and water management
in the 2000 2017 time span; (B) Dissemination means of the scientific production.
Note: The year of 2017 takes into account only the first seven months. Source: Authors based
in Scopus (Elsevier, 2017) database.

Online articles (395 items) have shown to be more relevant among all publications
(Figure 3B). They spread through 19 sub-areas of knowledge, with over 80% pertaining
to: Environmental Science (46.3%), Agricultural and Biological Science (12.9%), Earth
and Planetary Science (8.8%), Engineering (8.6%) and Social Sciences (6.0%). Other
areas were filtered out: Computer Science, Biochemistry, Business, Management and
Accounting, Medicine, Chemical Engineering, Chemistry and Veterinary Medicine.
After excluding the irrelevant publications with that filter, 339 articles were left.

The restrictive filter mentioned earlier acts by suppressing words that are not
associated with the intended search results. This filtering has excluded the following
words: Irrigation, due to an abundance of articles about irrigation systems optimization;
Models Theoretical, for showing articles specifically about modeling and Geographic
Information Systems, in which the publications are predominantly about
georeferencing. This last filter reduced the document total to 219 items.

The next stage consisted of reading the titles of all publications in order to verify
that they were all, in fact, aligned with the themes of water resources management in
agriculture through multicriteria tools. This step is essentially of qualitative nature, and
resulted in the selection of 80 potential articles. After reading their abstracts, results
and closing remarks, 30 articles were chosen to take part in the framework of this
bibliometric study, which will be examined shortly.

4.2 Results analysis and discussion

Based on the selected publications, this section will cover the following parameters:
journal and article relevance, publication time frame and origin and, lastly, content
analysis.
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Journal relevance to the area of knowledge of this study is measured through
productivity, impact factor and number of citations that the journal amounts. The journals
linked to the selected articles are distinguished, as will be shown in Figure 4.
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Figure 4. Article and quality distribution by journal for the 30 chosen articles. Source: Authors
based in Scopus (Elsevier, 2017) database.

Over 40% of the selected articles were published by both the Journal of
Environmental Management and Water Resources Management. The first also ranks
first in number of citations received, amassing a total of 25,167 citations in 2016 alone
(Figure 5).

-
Citations

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

—— Agricultural Water Management —tt— Environmental Monitoring and Assessment
o— Journal of Environmiental Management Journal of the American Water Resources Association
—— Water Resources Management

Figure 5. Citation frequency of the most referenced journals. Source: Authors based in Scopus
(Elsevier, 2017) database.

The most cited articles are shown in Figure 6, representing 77.5% of the total
citations within the 30 articles. Hermans et al. (2007) leads in this Figure, with
63 citations. It discusses the collaborative planning in river management through a
multicriteria approach on a catchment basin in the northeastern United States.
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Figure 6. Citation frequency of the most referenced articles. Source: Authors based in Scopus
(Elsevier, 2017) database.

The publications are concentrated over the last ten years, published mostly in the
United States (Figure 7). The main affiliations of the published articles are: Feng Chia
University (Taiwan), University of Tehran (Iran) and Universidad Politécnica de Madrid

(Spain).
Period Publishing Country Publishing
United States T 7
Spain T 4
2017 T 2 Iran ————— 3
2016 | 0 Taiwan —————x1 3
Austria =——= 2
SOE R — Camda =3 2
Germany ———2 2
S — aly == >
Netherlands =——=3 2
2013 0 South Korea =23 2
Argentinn == 1
2012 3 Australia. == 1
Bangladesh /3 1
2011 4 Chile =3 1
China =3 1
2010 3 CostaRica ==1 1
Czech Republic =33 1
2000 T s Finland =3 1
France =931 1
2008 T ] 2 Greece =231 1
Pakistan =3 1
2007 T 1 Switzerland == 1
United Kingdom =3 1

Figure 7. Time span and place of publication. Source: Authors based in Scopus (Elsevier,
2017) database.

The sampling of the selected articles (shown in Chart 2) was established
considering one central criterion: the existing correspondence between the research
problem in the articles and the present investigation object. Moreover, the proceedings
used by the authors to solve their presented problems and the main results obtained
with their studies were weighted. Afterwards, the aggregative, compensatory and
participative characteristics presented in the initial assumptions and methods of the
studies were categorized.

Chart 2. Analysis of the selected articles about water resources and their main assumptions
regarding the use of Multicriteria Methods.

Authors/Years Article’s Title Assumptions
Collaborative environmental planning in river Aggregative
Hermans et al. management: An application of multicriteria Non
(2007) decision analysis in the White River Watershed in compensatory
Vermont Participative
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Chart 2. Continued...

Authors/Years Article’s Title Assumptions
Multi-criteria analysis for improving strategic Aggregative
Garfi et al. (2011) | environmental assessment of water programmes. Compensatory
A case study in semi-arid region of Brazil Non participative
Multi-criteria analysis via the VIKOR method for Aggregative
Chang & Hsu S . L
prioritizing land-use restraint strategies in the Compensatory
(2009) i : 15ator
Tseng-Wen reservoir watershed Non participative
Designing a Policy Mix and Sequence for Aggregative
Bryarzz%:(f)ndulu Mitigating Agricultural Non-Point Source Pollution Compensatory
in a Water Supply Catchment Participative
The decision analysis interview approach in the Aggregative
Marttunen & .
HAmAl3i collaborative management of a large regulated Compensatory
amalainen (2008) N
water course Participative
Assessing multi-criteria approaches with Agaregative
Cisneros et al. environmental, economic and social attributes, Cogwg egsator
(2011) weights and procedures: A case study in the Non Zrtici ati\)//e
Pampas, Argentina P P
A fuzzy multi-criteria group decision-making
Fanahua & model based on weighted Borda scoring method Aggregative
Guanchgun (2010) for watershed ecological risk management: A Compensatory
case study of Three Gorges Reservoir area of Participative
China
Sustainable water resources management in a Aggregative
Ryu et al. (2009) conflict resolution framework Compensatory
Participative
Making framing of uncertainty in water Non aggregative
Isendahl et al. management practice explicit by using a Non
(2010) participant-structured approach compensatory
Participative
Prioritizing agricultural lands for conservation Aggregative
Qiu (2010) buffer placement using multiple criteria Compensatory
Non participative
Using the analytical hierarchy process to assess Aggregative
Cha?zgoﬁ(z(ihao the environmental vulnerabilities of basins in Compensatory
aiwan on participative
Tai N ticipati
Multi-criteria and multi-stakeholder assessment Aggregative
Ravier et al. (2015) | of cropping systems for a result-oriented water Compensatory
quality preservation action programme Participative
Stefanopoulos et al. Appllcgtlon o{(ti’;}e II\(;Iultl-_AttnbutedValtue The;ory_for CAggregatlve
(2014) engaging stal ceholders in groundwater pro ection ompe.nsa.tory
in the Vosvozis catchment in Greece articipative
the V tch tinG Part t
Evaluation of Agri-environmental measures in the | Non aggregative
Giupponi et al. Venice lagoon watershed. Expert knowledge Non
(2008) elicitation and multi-criteria analysis compensatory
Non participative
Evaluating integrated watershed management Aggregative
Biswas et al. (2012) | using multiple criteria analysis - A case study at Compensatory
chittagong hill tracts in Bangladesh Participative
Assessing the environmental performance of Aggregative
Wes(tgg?q )Gt al. English arable and livestock holdings using data Compensatory
rom the Farm Accountancy Data Networl on participative
fi the F Al Data Network (FADN N rticipati
River Basin Management: What do we Really Aggregative
Fedra (2015) Want? Compensatory
Non participative
Decision of the water shortage mitigation policy Aggregative
Choi et al. (2012) using Multi-Criteria Decision Analysis Compensatory

Non participative
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Authors/Years Article’s Title Assumptions
Chitsaz & Water Scarcity Management in Arid Regions Aggregative
Azarni Based on an Extended Multiple Criteria Compensatory
amnivand (2017) Technique Participative
Garcia de Building resilience to water scarcity in southern Aggregative
. Spain: A case study of rice farming in Dofana Compensatory
Jalén et al. (2014) AN
protected wetlands Participative
Beneaas et al A methodological proposal for the evaluation of Aggregative
(29009) ’ farmer's adaptation to climate variability, mainly Compensatory
due to drought in watersheds in Central America Participative
Abed-Elmdoust & Evaluating the Relative Power of Water Users in Aggregative
. " | Inter-Basin Water Transfer Systems Compensatory
Kerachian (2014) Non participative
Ahmadi et al Application of multicriteria decision analysis with Aggregative
(2015) ‘ a priori knowledge to identify optimal nonpoint Compensatory
source pollution control plans Non participative
Economic Assessment of Best Management Aggregative
Atisa et al. (2014) | Practices in the Mara River Basin: Toward Compensatory
Implementing Payment for Watershed Services Non participative
Bootv & Beno Multicriteria review of nonpoint source water Aggregative
(2009) y quality models for nutrients, sediments, and Compensatory
pathogens Non participative
Potential of an outranking multi-criteria approach Aggregative
Ocampo- to support the participatory assessment of land Non
Melgar et al. (2017) | management actions compensatory
Participative
Sustainability Evaluation of Surface Water Agareaqative
Haider et al. (2015) Quality Management Options in Developing Co?ng egsato
’ Countries: Multicriteria Analysis Using Fuzzy Non Zrtici at[\)/,e
UTASTAR Method particip
Single criterion and multiple criteria analysis: Aggregative
Chang et al. (2014) | A comparison of water quality monitoring designs Compensatory
for a river system Non participative
Technological challenges and solutions for an Agareqative
Grundmann & optimal management of coupled groundwater- gareg
" - S o Compensatory
Schitze (2015) agriculture hydrosystems in arid and semiarid Non particioative
coastal regions P P
Introducing a lexicographic goal programming for Aggregative
Mansoori et al. environmental conservation program in farm Non
(2009) activities: A case study in Iran compensatory
Non participative

Source: Authors; based in Scopus (Elsevier, 2017) database. Note: The articles are ranked in descending
order based in the citation frequency.

As a whole, the most addressed research problems shown in Chart 2 were related
to peculiarities of the decision making process within water resources management,
like water distribution models, pollution reduction and prevention, economic and
monetary optimization as well as other benefits from water related to the population’s
general wellbeing.

The articles evaluated scenarios considering some of the inherent aspects of the
decision maker or the decision making group, such as values, objectives, prejudices,
culture or intuition. In all of the chosen articles for this study, there is a certain
prioritization of criteria in the study of potentialities (availability and quality) and the
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vulnerabilities in relation to demand and water usage (be it temporal, spatial, collective
or individual).

It was observed that, in 28 articles, some form of aggregation or synthesis was used
to consider the contribution of each of the criteria. This strategy was present in all but
two works, in which the focus was not categorization or ranking but, as stated by Roy
(2013), the description of the context and/or understanding of the alternatives.

Additionally, in those 28 articles, each evaluation criteria applied a mathematical
function to measure the performance of the potential actions of an aspect. An example
is the Analytic Hierarchy Process (AHP), introduced by Thomas Saaty in the 1980s
(Saaty, 1980). This aggregation process helps in identifying the best alternative within
a predefined set of criteria was used in 11 articles.

Overall, not only the AHP related, but all of the selected publications judged several
parameters and quantity indicators (for different uses) and quality (for different
pollutants) of the water. These indicators are often related to the balance between the
supply and demand of water in a catchment basin and are integrated to the local context
in addition to the social and economic roles that water plays in the evaluated
circumstances.

In a way, aggregation seems to be linked to the compensatory nature among
criteria. This situation is present in 25 works. That is, worsening one criterion can be
compensated by improving another. These assumptions greatly depend on the type of
problem at hand, the stakeholders and the criteria involved in the model. For instance,
it is possible that the environmental damage due to the use of water sources in
catchment basins can be compensated by income or job improvements derived by that
same use (see Garfietal, 2011). In the work of Cisnerosetal. (2011), the
compensatory mechanism itself can help in the process of negotiation for choosing
between intensive cropping systems, by rotating soy and corn, versus conservation
systems of pastures and forests. Since policy makers are used to dealing with these
kinds of trade-offs, it may be considered that the compensatory assumption is
convergent with this behavior.

The last aspect left to discuss is the participatory nature of the modeling process.
In 17 articles, both establishing the criteria and setting up the model were done by the
analyst or by experts. This case is seen in the work of Choi et al. (2012) about the
assessment of long term policies in the Nakdong river catchment, in South Korea.
Generally, the risk in this type of model is that the rationality of the analyst or the experts
is not necessarily the same rationality of the stakeholders.

Conversely, some form of involvement of stakeholders was found in 13 articles.
In these works, like the article of Biswas et al. (2012), they rely on several experts,
professionals and lobby groups to create a hierarchy of criteria both qualitative and
quantitative. Furthermore, they used psychometric tools to perform diagnosis.
Information related to the perception of interested parties such as: farmers, local and
regional authorities, environmental regulatory agencies, experts, among others were
taken into account through oriented surveys. They used AHP to assess different
strategies of use and management of the Chittagong Hill Tracts catchment basin in
Bangladesh. In situations where the study involved a large number of people, like in
case reported by Ocampo-Melgar et al. (2017), non-compensatory procedures were
employed transparently enough to ensure stakeholder commitment.

Still regarding the engagement of multiple stakeholders, Ravier et al. (2015) have
relied on individual surveys that helped them in building a comprehensive multicriteria
model and, yet, suited to the local issues. They showed that public measures of
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financial incentives were used to foster farmers in adopting practices of low
environmental impact, such as the use reduction of nitrogen fertilizers and pesticides,
but they were not effective enough to be reflected in better water quality. However, this
research also shows that a combination of aspects (economic, social, geographic,
among others) established through incentives and fines, with objectives jointly agreed
among stakeholders (farmers, developing agents, public managers) can be an effective
alternative to overcome the externalities that are being carried over to the water
resources.

The main objectives noted in the articles of the present research are trying to plan
a set of policies, measures and cost effective technologies near the standard solution
(as a reference), to guide decisions toward to a set of attainable values (Fedra, 2015).
In a certain sense, it means to consider that the problem happens to be structured from
a simulation in a standard context, often considered as a utopian situation. These
simulations are used to steer decisions and actions toward real and intended
objectives.

According to Bryan & Kandulu (2011), the State and civil society tend toward
traditional and individualized tools when facing problems of water quality management
in agriculture. This results in inefficient and improper forms of governance of water
resources which, in turn, can worsen the problems of water quality, mainly: (a) when
there is a lack of understanding among farmers about the effects of land use on the
water resources; (b) in cases of labor shortage in agriculture; (c) when consultants and
extensionists are limited in competence and availability; (d) in the absence or lack of
knowledge of regulatory mechanisms; (e) when the agriculture and management in
private properties is not compatible with the collective process of decision making in
the management of water resources.

Therefore, it seems that in the literature reviewed the actions put in place at the
macro level, when: (a) they were established and structured together with farmers; and
(b) in a result-oriented fashion (there are rewards associated with positive
consequences), are perceived with optimism to align agricultural production and the
conservation of natural resources. These actions are established and implemented with
stakeholder engagement and consider a wide range of management strategies. Hence,
they can stimulate the stakeholders’ commitment and foster an appropriate
management to the special characteristics of local socioeconomics and environmental
context. This is one way to promote short, medium and long term effects over water
quality.

Finally, although in some cases an agreement among stakeholders was not
reached and, consequently, objectives were left to reconcile, Ravier etal. (2015)
stresses that discussing and structuring problems through multicriteria tools at least
provided a favorable arena for debate while acknowledging its multiple points of view.
As a result, even with remaining competing objectives, with non-unanimous decisions,
those authors are optimistic in regards to a possible harmonization in the long term.

5 Final comments

The impact of agricultural land use and improper management practices in water
abstraction areas can affect parts of the population beyond those directly involved with
the agricultural sector. Therefore, it is worth noting that not only the controllable
elements and conditions inherent to the local context, but also those that the farmers
have little to no control over must be taken into account in the decision processes, as
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are the cases of legislation, governmental incentives, and market, among others that
are indirectly connected to the local environment.

The reviewed articles show that the use of Multicriteria Methods in studies about
water resources management are mainly aggregative and compensatory. However,
there is a clear distinction in terms of stakeholder participation. In some of them, they
play a major role, while in others the analyst and the experts are the leading figures.

The participative Multicriteria Methods have been capable of acknowledging and
integrating aspects such as tradition, intuition and power relationship, all of which directly
affect decision making, the definition of objectives and conflict management. Although
these themes are considered a subjective matter, they have always been endorsed by
the scientific community. When considering aspects of objective nature (related to
actions) as well as those of subjective nature (related to the value of the actors), the
decision process results in a better water management, which is increasingly important
to understand the factors limiting the boundaries of human development.

Thus, in a process of construction and evaluation of alternatives, awareness is
necessary to guarantee the engagement of all stakeholders (public users of water, the
ones responsible for the water supply and public sewage, the power generation sector,
rural sector, industrial sector, shipping and mining, tourism and leisure, among others),
in order to avoid wrongly supporting decisions based in outlier values that benefit only
some of the involved parties.

The performance of the agricultural policies of the developed countries in which
most of the studies took place should be highlighted. Specifically, those of the
European Union have been providing a basic level of security to the farmers through
an income ensuring program. This is a rather different situation than what is observed
in developing countries, like Brazil, and may be an important constraint to the results.

The experiences observed in this bibliographic survey about the use of Multicriteria
Methods in the management of water resources do not seem to be definitive or
conclusive to design alternatives in the light of the family farm systems. The study of
Ravier et al. (2015) was the one closest to this point of view. However, they did not try
to establish the differences and similarities among production systems while looking for
parallels with farmer and property characteristics, as well as the environmental quality-related
strategies used in the production systems. This gap may be explored in future studies.

Moreover, this research has made it evident that the Multicriteria Methods, despite
its limitations, are useful in the decision making processes where uncertainties are
present, like in the case of natural resources. One of its main strengths is the potential
to provide alternatives in circumstances where only partial data is available or, even, in
cases in which data is difficult to quantify.

Lastly, the main limitation of this bibliometric research is related to the sensibility of
the criteria and filters used to generate the sample. Depending on the search query
operators used, it is possible that the process might hide some relevant publications.
But, conversely, searching through the references of the selected articles may mitigate
this side effect by unveiling studies not included in the sample, but that can somehow
contribute to the comprehension of the subject covered.
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