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The rational allocation of spatial resources is an important factor to ensure the sustainable development of rural
areas, and effective pre-emptive spatial evaluation is the prerequisite for identifying the predicament of rural

resource allocation. Multi-criteria decision-making analysis has advantages in solving multi-attribute and multi-

objective decision-making problems, and has been used in sustainability evaluation research in various disciplines

in recent years.

multi-criteria decision-making rural areas spatial evaluation sustainability

The evaluation of rural spatial sustainability refers to the classification of research problems. That is, with the
goal of sustainable development and the spatial resources of rural areas as the evaluation object, it aims to
improve one or more aspects of rural sustainability by identifying and even improving the spatial layout.
Generally, existing rural spatial evaluations are closely related to the term “spatial decision-making”, which in
turn guides the selection of subsequent programs or strategiesl1]. The existing evaluation of rural space, aiming
at sustainability, involves many aspects, such as natural resources, public facilities, energy services, and
planning and design. Previous studies have demonstrated that rural-related spatial evaluation or decision
making is a complex task [ 2 1. Therefore, achieving sustainability goals also requires new approaches to
decision making based on knowledge productionl 21. Over the past two decades, multi-criteria decision-making
analysis methods have been applied in related fields to assist decision makers. Multi-criteria decision-making

analysis may be an effective and efficient option for solving such problems.

Multi-criteria decision making (or multi-criteria decision-making analysis, hereafter referred to as MCDA) is a
basic scientific method used to select the best alternative, classify alternatives, or rank alternatives in order of
preference [41, The term MCDM is used for all methods and techniques that involve multiple conflicting criteria
used by decision makers to derive preferences [8]1. MCDA originated in the field of operations research. After
evolution and development, MCDA has been widely used in management science, environmental science,
geography, material science, energy, mathematics, information and computer science, etc. In recent years,
MCDA methods have been used to assist decision making related to sustainability. To date, more than 100
MCDA methods have been used in practice, including original methods, derived methods, and combined

methods, but only a few MCDA methods have been applied to solving rural spatial evaluation problems.

As a comprehensive evaluation method, MCDA is suitable for solving complex problems characterized by
uncertainty, conflicting goals, information heterogeneity, and diversity of interests or viewpoints, in addition to

explaining dynamic development systems under the influence of multiple factors . In contrast to the traditional
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single-criteria analysis method, the MCDA method has advantages because it can obtain the comprehensive
score or the ranking of the objects under the influence of multiple criteria . From the perspective of the
attribute of the judgment subject, MCDA methods can be divided into three categories: multi-objective decision-
making analysis (MODA), multi-attribute decision-making analysis (MADA), and comprehensive MCDA 2. From
the perspective of the operation process and system composition, Figure 1 clearly shows the six operational

steps and the three sub-systems of the MCDA method.

I System Componeants | | Evaluation Steps ]

Criteria and index |

[N
| by
0
C &
i
il

; I

! I

1

| I

I

- I

1 I

] i

Criteria I

1 e

1 | categones i I

1

: I

| ]

1

| ¥

1 ]
I
I

| Evaluation Qutcomes |

it
T---';F-n

]
: | Weaight system | "
TR
]
: Subjective Objective Compound : I I l
: wielght wisight wislght i I vt ]
o = ! i I " | ]
] Y—_ ] ] g 1 ]
| - [ Ranking and Verification ] i | I | ¥ T
i
I I | l ] I |
I Il I
' : Ranking and varifleation : | . 1 | !
I aggregation of data iy 1 T !
P e e s e e ' I 1 ! 1

-I Final Result I

Figure 1. Operation process and system composition of MCDA.

At present, there is no unified classification standard for the criteria, but evaluation research aiming at
sustainability usually divides the criteria into three categories: society, the economy, and the environment 19,
The index is used as a quantitative basis for measuring the quality of the criteria. From the perspective of using
functions, Table 2 divides the MCDA methods commonly used in sustainability evaluation into weighting
methods and ranking methods, and some methods have both functions . The weighting methods can be divided
into the subjective weighting method and objective weighting method. The subjective weighting method depends
only on the preference of the decision maker, and not on the quantitative measured data of the evaluation
target. In contrast, the objective weighting method is obtained mathematically through the analysis of the initial
data 111, Both methods have their advantages and disadvantages. Subjective weighting is more explanatory and
misleading, and objective weighting is resistant to interference, but sometimes exceeds the limits of research
assumptions. Usually, in a complete multi-criteria decision-making process, at least one weighting method and

ranking method are required.

Table 2. Classification of MCDA methods based on functional perspective.
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Introduction

AHP was first developed by Saaty (1980). It consists of a pairwise
comparison, using relative values of criteria (weights) and a score scale on
alternatives against criteria.

Typically, eigenvalue techniques or regression analysis are used to
determine the ordering. AHP is one of the most common MCDA methods.

The analysis process of ANP and AHP is roughly the same, but in contrast
to the one-way process of AHP, ANP has a feedback mechanism.

BP network is a type of supervised network based on error back-
propagation. Through the calculation and feedback of input information,
output information, and the error, the weights of neurons in each layer of the
BP network can be modified to obtain the minimum error signal and form the
final network model. The learning process of the neural network is mainly
the updating process of weights.

BWM can obtain weights for different criteria based on pairwise
comparisons, requiring less comparison data. Quite differently from AHP,
BWM only performs reference comparisons, which means it only needs to
use numbers between 1 and 9 to determine the preference of the best
criterion over all other criteria and the preference of all criteria over the worst
criterion. This process is easier, more accurate, and less redundant because
it does not perform quadratic comparisons.

DEA is a nonparametric productivity measure for multiple-input and multiple-
output operations. The method combines and converts multiple inputs and
outputs into a single efficiency metric. This approach first establishes an
“efficient frontier” formed by a set of decision-making units (DMUSs)
exhibiting best practices, and then assigns efficiency levels to other non-
boundary units based on their distances to the efficient frontier. Finally, the
efficiency level of each object is obtained.

The Delphi method is a systematic, interactive method that relies on a group
of independent experts. Based on this principle, Delphi uses carefully
selected experts to answer questionnaires to determine weights. After each
round, the summary of the previous round of expert selection and the
reasons for their judgment will be fed back to the experts. During this
process, the floating range of the weights will shrink and gradually converge
towards the “correct” weights. Finally, the process is stopped according to
predefined rules.

DEMATEL is considered for an effective method for identifying the
components of the causal chain of complex systems. It handles the
interdependencies among the evaluation factors and finds the key factors
through a visual structural model. The DEMATEL technique can convert the
interrelationships between factors into an understandable structural model
of the system and divide it into cause and effect groups. Its operation
consists of four steps: 1. establish an influence matrix; 2. create a
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Method Function Introduction
normalized matrix; 3. build a total influence matrix; 4. generate an influence
graph.

ELECTRE is a technique for selecting the best alternative from a given set
of alternatives. It uses pairwise comparisons of alternatives and sets ranking
relationships on them. For example, if a is at least as good as b for criterion
i, then alternative a is ranked higher than the alternative b. The ELECTRE
tool has evolved over time into different sequential versions, such as
ELECTRE I, II, lll, IV, and ELECTRE TRI.

ELECTRE Ranking

Information entropy is a measure of the degree of disorder in a system. It
can measure the amount of useful information with the data provided. When
Objective  the value difference between the evaluation objects of the same indicator is
weight large, but the entropy is small, it means that the indicator provides more
useful information, and the weight of the indicator should be set
correspondingly high.

Entropy

Due to the availability and uncertainty of information, as well as the
ambiguity of human perception and cognition, most selection parameters
Subjective  cannot be given accurately. The fuzzy set provides a mathematical model to
Fuzzy weight determine the membership degree of each element to the set, so that the
Ranking applicability evaluation data of various subjective standards and the weight
of the standard are converted into numerical values by the language of the
decision maker.

The grey relational method is a branch of grey system theory developed in
1980. The method is similar to TOPSIS, which defines the grey relational
degree to represent the closeness between the alternatives. Typically, ideal
scenarios are defined and the degree of relevance of alternatives to them is
calculated. The most relevant alternative has the shortest distance from the
ideal solution and the longest distance from the worst solution.

Grey

relation RClL UL

MAUT is a systematic approach that takes into account decision makers’

preferences in the form of a utility function defined over a set of attributes.

Its functional form is determined by applying preference validation and
MAVT Ranking setting certain utility-independent conditions. The formula is extended to

(MAUT) derive a multi-attribute utility function.

In the case of MAVT, the difference between utility and value is that the

function uses attribute values instead of quantitative attribute measures in a

cardinal scale.

The OWA method is similar to WLC, but considers two sets of weights. The
first set of weights controls the relative contributions of specific criteria, and
the second set of weights controls the order in which the weighted criteria
are aggregated. The advantage of OWA is that a variety of different
solutions and forecast scenarios can be generated by reordering and
changing standard parameters.

OWA Ranking

PCA Objective ~ The modeling properties of PCA are largely rooted in regression thinking:
weight variation explained by principal components. After introducing the idea of
linear combination of variables, the change in principal components is
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Introduction
emphasized. When there is a certain correlation between the two variables,
it can be explained that the information of the two variables reflecting the
subject overlaps to a certain extent. Principal component analysis is to
delete duplicate or irrelevant variables for all the variables originally
proposed, and establish as few new variables as possible, so that these
new variables are unrelated to each other. Finally, the importance of the
variable is obtained.

In the pairwise comparison method, participants are presented with a
worksheet and asked to compare the importance of two criteria at a time.
The scoring scale can be varied, for example, an odd scale of 1 to 9 is often
used. Results are combined by adding the scores obtained for each
criterion, when the preferred criterion is compared with the criterion to which
it is compared. The results are then normalized to a total of 1.0.

This weighting method provides a framework for comparing each criterion to
all others and helps to show differences in importance between criteria.

The regime method is a discrete multiple evaluation method suitable for
evaluating projects and policies by processing qualitative and quantitative
information. It uses pairwise comparisons to evaluate the performance of
alternatives and establishes ranking relationships among alternatives. The
framework of the method is based on two kinds of input data: an influence
matrix and a set of weights.

The SAW method, originally applied by Charles (1954), is one of the most
commonly used MCDM techniques. The method performs a simple multi-
product summation of each criterion score through the corresponding
attribute weights to find an overall performance measure for each
alternative.

SWOT analysis is a common tool for strategic planning and a form of
brainstorming. It helps organizations better understand their internal and
external business environment when making strategic plans and decisions
by analyzing and locating their resources and environments in terms of four
areas: strengths, weaknesses, opportunities, and threats.

TOPSIS means that the optimal selection scheme has the shortest
Euclidean distance from the ideal solution and the largest distance from the
negative ideal solution. Intuitively, based on the distance from the ideal
solution, the method can take any number of attributes as input. However,
TOPSIS can produce unreliable results, and it also does not account for the
uncertainty of the weights.

TOWS matrix is a derivative type of SWOT. In contrast to the SWOT
method, TOWS focuses more on the solution strategy obtained through the
situation analysis. The matrix includes four strategies: WT, WO, ST, and SO.

The VIKOR method is similar to the TOPSIS method in that both are based
on distance measurements. In contrast to the strict sorting of TOPSIS,
VIKOR seeks a compromise solution. The VIKOR method can also provide
clustering capabilities when faced with alternatives.
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Method Function Introduction

The WASPAS method combines the historical data and current data, and
adds the weighted sum model (WSM) and the weighted product model
(WPM) to determine the decision target under the corresponding decision
criterion.

WASPAS Ranking

WLC is an evaluation function method, and is a method of solving multi-
objective/attribute programming problems by assigning corresponding
weight coefficients to each objective according to its importance, and then
optimizing its linear combination.

WLC Ranking

From the existing research situation, there are the following characteristics and trends:

(1)During the past 5-8 years, the evaluation of spatial sustainability in rural areas has gradually become a
popular research topic due to the worldwide environmental crisis. More research has been published in the
Eastern Hemisphere, less in the Western Hemisphere, more in the Northern Hemisphere, and less in the
Southern Hemisphere. China, Turkey, and Italy are the three countries producing the most publications.
Developing countries or developing regions in developed countries comprise an important zone for related

research.

(2)The literature can be divided into six research topics: Land use, Site selection, Urban—rural planning,
Tourism, Conservation, and Habitat. The target area of the study consists of four scales: Regional scale,
District/county area, Community/village, and Architecture. Macro-scale research is relatively mature, but that

of Communities/villages and Architecture is still insufficient.

(3)Due to the urgent needs of the environment, the impact of environmental indicators on research problems
and goals should be first considered in the process of criteria formulation. Social and economic criteria are
secondary considerations. Proportion is the most commonly used index type, and Distance is one of the most

effective index types in Site selection.

(4)The subjective weighting method is still used in mainstream research, with AHP being the most prominently
used approach. Delphi and PCM have excellent applicability in most research topics. For the problems in Site
selection and Urban-rural planning, TOPSIS is a more effective MCDA method. Objective weighting is an
ideal method for solving problems in Land use, Urban-rural planning, and Tourism. The evaluation of rural
spatial sustainability is a very complex problem, and the use of only a single MCDA method has limitations. A
hybrid MCDA approach is the preferred option. The Hard Mathematical method can handle most situations,
but the Soft Mathematical and Voting methods are recommended for issues involving public participation.
The comparative verification of empirical data is a more intuitive method, but when data are lacking,

statistical models can be considered.

Based on the above analysis, the following points were identified for future research work:
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(1) This study found that, although there are fewer rural studies in developed countries, they are limited by the
method and region. Hence, determining the difference in the focus of research on spatial sustainability

assessment in developed and developing countries is one of the issues worthy of further study.

(2)In the current research on the evaluation of the sustainability of rural space, the consideration of cultural
factors is one of the research gaps. As the core of sustainable development goals, cultural factors need to be
paid more attention. Therefore, the research of sustainable space evaluation related to rural cultural heritage

will be an important topic for future work.

(3)Against the background of a rapid marginal expansion of related research fields and frequent interdisciplinary
penetration, establishing a relatively complete data collection and sharing mechanism within the scope of
small- and medium-scale units is basic work that urgently needs to be undertaken in the research on rural

spatial sustainability.

(4)Important means to improve the accuracy of rural spatial sustainability evaluation include expanding the
types of feasible measurement criteria and indices; increasing the combination of subjective and objective
weights; further clarifying the boundary conditions for the use of the deterministic MCDA methods; and

adding auxiliary verification for predictive evaluation.

(5)Identifying different characteristics and orientations of rural spatial sustainability research issues, and
adopting appropriate quantitative or qualitative MCDA methods, can provide a theoretical basis for
formulating a scientific and reasonable evaluation system, so as to provide a decision-making reference for
more active and effective promotion of rural sustainable development. The proposal of a scientific and
comprehensive MCDA selection list according to research fields, topics, and goals is still an important

challenge for future research.
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