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Abstract: In the face of rapid urbanization and globalization, the continual loss of rural landscapes
is occurring globally because of declining rural industries, abandoned farmlands and aging local
populations. These problems highlight the versatility and diverse values of cultural ecosystem
services (CES) to provide feasible responses for rural landscapes. To utilize CES and ensure the
sustainability of rural landscapes in Taiwan, this study combined multiple-criteria decision analysis
(MCDA) and a development evaluation structure that can effectively address interdependent factors
for practical application. This study presents the importance of different evaluation compositions
with clear weights. The results indicated that the “global technotopia” scenario is the highest priority,
followed by the “Satoyama-Satoumi renaissance” scenario, and the other two.

Keywords: rural landscape; cultural ecosystem service; multiple-criteria decision analysis (MCDA);
DEMATEL with ANP (DANP)

1. Introduction

Research on cultural ecosystem services (CES) is rapidly growing and has produced
interdisciplinary academic studies [1]. Milcu et al. [1] reviewed CES-related studies published since
the United Nations millennium ecosystem assessment (MEA) in 2005 and revealed numerous novel
evaluation methods and policy implications. Plieninger et al. [2] argued that CES greatly influence
landscape management and planning and can highlight landscape versatility. Palacios-Agundezetal. [3]
argued that the intimate combination of policy and scientific research will attract more actors to
participate in CES-related operations. These studies have been beneficial to promoting human welfare
with CES. Consequently, understanding and evaluating CES to formulate science-based policies will
be beneficial to the advancement of humankind toward future welfare and sustainability.

Rural landscapes can provide spaces for artistic creation, scenery admiration and recreation.
They conform to the major constructs of CES mentioned in the MEA, and CES was defined as
“the nonmaterial benefits people obtain from ecosystems through spiritual enrichment, cognitive
development, reflection, recreation and esthetic experiences” [4]. Rural landscapes are disappearing
because of rapid economic development and the gradual global decline of farmland resources [5,6].
The disappearance of rural landscape CES represents the disappearance of humankind'’s intangible
welfare, such as spiritual improvement and esthetic experiences. The human social value of preserving
the natural environment is even influenced by rural landscape degradation [7-9]. Consequently,
the prediction of reasonable development scenarios for CES and constructing an adequate evaluation
model will facilitate the preservation of rural landscape CES.

Numerous methods to quantify and evaluate ecosystem services (ES) are also studied
extensively [4,10]. Chan [11] proposed the concept of relational value and argued that people rarely

Land 2020, 9, 257; d0i:10.3390/1and9080257 www.mdpi.com/journal/land


http://www.mdpi.com/journal/land
http://www.mdpi.com
https://orcid.org/0000-0001-6855-1253
https://orcid.org/0000-0001-5574-3301
http://dx.doi.org/10.3390/land9080257
http://www.mdpi.com/journal/land
https://www.mdpi.com/2073-445X/9/8/257?type=check_update&version=2

Land 2020, 9, 257 2 of 20

make decisions based only on their value for nature or natural values. Instead, people consider the
relationships between nature and themselves and between nature and others. Such relationships
are the embodied perception described by Raymond et al. [12] Kull et al. [13] formulated ES,
particularly the characteristics of CES in farmland environmental changes. When people focus
only on provision and regulation services, the sociality of CES is easily ignored. When CES are
considered, the characteristics of different regions should be considered as well to thoroughly interpret
the effects caused by changes in rural landscapes. In addition, Dickinson and Hobbs [14] stated that
discussion is required on CES measurement methods. Specifically, elements between people and the
environment remain difficult to quantify. Therefore, CES quantification methods still have problems of
underestimation or insufficient representativeness [15]. Monetization is an overused measurement
method [2]. Consequently, the connotations of CES must be first defined to identify possible factors
of CES and contradictions with the other three ES must be avoided [16]. Currently, items applicable
to different regions must be adopted for the evaluation of CES. However, various studies have
indicated that CES has the following disadvantages: (1) The connotations remain obscure [14,17-19].
For example, Daniel et al. [17] argued that the definition of CES remains incomplete and integration with
the other three services remains insufficient; (2) Quantification and analysis are difficult [2,9,14,17,20].
Riechers et al. [20] argued that current research methods for CES still have room for improvement.
Consequently, overcoming the disadvantages of current quantification methods for CES is key to
future research.

Following the framework of the millennium ecosystem assessment, the Japan Satoyama
Satoumi Assessment (JSSA) is an assessment responded the interaction between human and nature,
e.g., landscape and seascape, in Japan [21]. It provided credible baseline, policy responses to address
the decline in ecosystem services and identified future scenarios. The JSSA proposed four possible
scenarios for the development of globalization as it relates to localization and natural orientations as
they relate to technological orientations by 2050, the assessment targeted the Satoyama and Satoumi
rural landscapes of Japan [22]. The four scenarios proposed in the JSSA are global environmental
citizens, global technotopia, techno introvert and Satoyama-Satoumi renaissance. These scenarios
neither predict established facts nor hypothesize a utopian future. Nonetheless, they provide reasonable
and feasible models to analyze complicated and uncertain challenges for future development [22].
Taiwan and Japan are both in East Asia. In addition, because Taiwan was colonized by Japan, it is deeply
influenced by Japan in terms of customs, lifestyles and agricultural development. Their overall rural
landscapes are similar in ecology, production and living environments, and their CES developmental
histories are similar. Consequently, invoking the four scenarios of the JSSA as the basis of guiding the
development of Taiwanese rural landscape scenarios is reasonable. In addition, they may be feasible
plans for Taiwanese rural landscape development in the future.

For rural landscapes, various perspectives and interpersonal contact provide different perceptions.
Zube [23] claimed that people prescribe meaning to landscapes through their own perceptions
and experiences, and these perceptions are divided into environmental, personal, opportunity and
interacting perceptions. Different perceptions also feedback and create interactive models with
landscapes. Consequently, in this study, these four types of perceptions were considered to influence the
actual rural landscapes that people perceive. Therefore, interactions of CES with related components
of rural landscapes were constructed. People create different CES connotations because of their
interaction with rural landscape objects. These connotations further influence people’s evaluations
of rural landscapes. Therefore, if a multicriteria evaluation model of CES connotations based on
environmental perceptions of rural landscapes can be developed, the exploration of the relationships
between rural landscapes and CES can be improved.

Generally, rural landscapes are environmental public goods. They involve extensive natural
environmental characteristics, sociocultural features and industrial and economic appearances.
Consequently, they are frequently changed by the implementation of government policies and
top—down ordinances. However, numerous examples illustrate that governments inefficiently manage
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farmland, which results in the destruction of mountains and forests or environmental pollution by
unscrupulous businesses. This highlights the incompetence and defeat of governments. In addition,
rural landscapes are a dynamic complex of multiple interdependent rural social lives and ecosystems.
Rural landscapes rely on collaboration between governments and local residents to preserve local
niches and operate and manage agricultural localization. Rural landscapes have many levels and
numerous related influence factors with interdependent relationships [17]. Thus, CES derived from
rural landscapes directly influence effective and adequate administration methods and essentially
present a problem requiring multiple-criteria decision analysis (MCDA). MCDA is appropriate for this
study because of its simple structure (goal-dimension—criteria—alternative) through which decision
evaluations for rural landscape management and future development can be properly conducted.

To adequately integrate future development scenarios for CES in rural landscapes in Taiwan,
this study developed an evaluative model of rural landscape CES in Taiwan on the basis of the MCDA
structure. In addition, the similarities in agricultural development and natural conditions between
Taiwan and Japan were considered, and the JSSA [21] scenarios were invoked as developmental plans.
The study structure is presented in Figure 1.

CES literature review and organization

v

Influence composition and study design construction

< DEMATEL

A

Clarification of interdependent relations between evaluation compositions

< ANP
\ 4

Construction of CES evaluation structure and calculating related weights

v

Analysis and ranking of evaluation results

Figure 1. Study structure.

2. Materials and Methods

2.1. Identification of CES Compositions that Influence Rural Landscapes

The connections between people and rural landscapes are the perceptions of landscapes through
different routes and their corresponding CES evaluations. Taylor et al. [24] indicated that landscape
perceptions develop on the basis of interactions between people and landscapes. The process of
landscape perception is based on understandings of human-landscape-outcome interactions, and it
helps explain why people frequently perceive landscapes [23,25]. On this basis, this study adopted
Zube’s landscape perception classifications to define the characteristics of rural landscape perceptions,
including environmental perception (P1), which is the cognitive perception created by tangible or
intangible environmental elements; personal perception (Py), the stimulating perceptual response on a
psychological level created by rural landscapes; interactive perception (P3), the tangible (such as land)
and intangible (such as satisfaction) perceptions of interaction between people and rural landscapes;
and opportunity perception (P4), the perceptions of opportunity created by achieving goals related to
interaction between people and rural landscapes.

Rolston and Coufal [26] identified 14 diverse values in CES evaluations that have been frequently
supported and adopted by subsequent studies (Table 1). Graves et al. [27] indicated that biodiversity
is an influential factor of CES. If the behaviors of the biota are ignored (such as seasonal migration),
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CES cannot be accurately evaluated. Intrinsic values are those that landscapes or assets inherently
have. For example, WozZniak et al. [28] indicated that people’s actual participation in recreational
activities is based on the intrinsic assets of the landscapes. Different intrinsic values influence the
service qualities produced by recreational activities. The wildlife and esthetic values of CES are also
crucial. Bagstad et al. [29] measured the corresponding wildlife values of CES in a spatial analysis.
Yoshimura and Hiura [30] superimposed esthetic values on overall geographic distributions. CES has
learning values. For example, Hutcheson et al. [31] claimed that environmental education is the basis
and core of the sustainable development of landscapes. The spiritual and historical values of CES
are crucial as well. For example, Pascua et al. [32] emphasized the importance of reflecting overall
ecosystems. Stanik et al. [33] appealed for the valuation of landscapes or objects of historical and
cultural heritage. In addition, regional landscapes are the concrete representatives of local features
and event venues. Because required food and raw materials supply people’s livelihoods, survival
values are critical as well. Pausca et al. [32] argued that survival values directly reflect the sustaining
basis of cultural services. Economic values reflect development and employment. For example,
Rewitzer et al. [20] measured landscape changes from an economic perspective. Recreational values
reflect the attractive and sightseeing benefits of CES. Rall et al. [34] argued that recreational values
can increase the overall value of local landscapes. Therapy, life sustaining and future values also
require consideration. Brown [35] claimed that therapy and life sustaining values can highlight the
functions of life sustaining and survival. In addition, the future values of landscapes deeply influence
subsequent generations.

Table 1. Diverse values in cultural ecosystem services (CES) evaluation.

Value Explanation References
1. Biodiversity values They accommodate multiple life forms, animals and plants. Graves et al. [27]
2. Intrinsic values Because of their existence, anyone can think of or use them. Wozniak et al. [28]
3. Wildlife values They have natural wildlife characteristics. Bagstad et al. [29]
4. Esthetic values They have beautiful scenery that exhibits the beautiful and comforting imagery of landscapes. Yoshimura and Hiura [30]
5. Therapy values They allow people to improve their mental or physical states. Brown [35]
6. Cultural values They can continually be used to transmit wisdom, traditions and lifestyles. Stanik et al. [33]
7. Learning values They can be used for environmental experiences and education promotion. Hutcheson et al. [31]
8. Spiritual values They can be used to agglomerate religious, folk or social effects. Pascua et al. [32]
9. Historical values They can exhibit local characteristics and historical objects and stories. Stanik et al. [33]
10. Survival values They supply necessary food and raw materials to maintain livelihoods. Pausca et al. [32]
11.Economic values They can provide opportunities for economic development or employment. Rewitzer et al. [20]
12.Recreational values They have recreation, entertainment or sightseeing functions. Rall et al. [34]
13.Life sustaining values They can provide and maintain clean air, soil and water sources. Brown [35]
14. Future values They allow subsequent generations to understand and experience things of the current generation. Brown [35]

2.2. Study Design

This study used the problem-solving structure of MCDA (goal-dimension—criteria—alternative)
as the basis and CES as the goal level (E4). Different ES groups (Ex, x = 1-3, namely supporting,
provisioning and regulating) are considered to externally influence CES. Four landscape perceptions
(environmental, personal, interactive and opportunity) were concluded as dimensions (Py, y = 1-4).
The 14 values defined by Rolston and Coufal [26] were distributed among the four perceptual
dimensions as criteria with internal influence (Vz, z = 1-14). In addition, the four scenarios of the
JSSA [21] were adopted as plans for application and development (Sq, q = 1-4) to establish CES
evaluation models of rural landscapes in Taiwan. Such evaluation models account for the actual
interdependent influences within groups (such as Ex, Py and Vz) or between groups (such as Ex and
the goal) in real situations practically. The overall evaluation models are shown in Figure 2.

The four scenarios of global environmental citizens (S), global technotopia (S,), techno introvert
(S3) and Satoyama—-Satoumi renaissance (S4) of the JSSA [21] were obtained from the four quadrants
of global versus local and nature versus technology orientation analysis. They represent the four
possible local development scenarios for rural landscapes that consider changes in globalization,
urbanization and trade liberalization levels [21]. They will be applied to future development plans for
rural landscapes in Taiwan. These scenarios are the results of scenario transplantation and adoption
with complexity and uncertainty described by Zurek and Henrichs [36].
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Figure 2. CES evaluation models of rural landscapes in Taiwan.

The related 14 values were categorized into criteria in the four perceptual dimensions according
to their characteristics. Because biodiversity, intrinsic and wildlife values are all obtained from the
environment, they were categorized into the environment perceptual dimension. Esthetic, therapy
and cultural values are related to personal experiences, and they were categorized as criteria of the
personal perceptual dimension. Learning, history, spiritual, and survival values can only be obtained
and used after interaction between humans and rural landscapes, and they were categorized into the
interaction perceptual dimensions. Economic, recreational, life sustaining, and future values were
categorized under the opportunity perceptual dimension because they are human goals.

MCDA has encountered problems because composition elements are often considered to
be independent of each other and a unidirectional level structure (goal-dimension—criteria—plan)
is typically used for problem simplification and easy operation during the construction of evaluative
compositional elements and plan selection. However, in reality, problems have diverse qualities
and complicated compositional elements. They often have internal and external interdependent
influence that must be addressed and effectively solved. Consequently, this study adopted the
decision-making trial and evaluation laboratory (DEMATEL), which can clarify the influential
relationships between elements and the analytic network process (ANP), which can objectively
manage evaluation decision-making with interdependent relationships. The two approaches were
combined (DEMATEL with ANP; DANP) to develop the overall evaluation structure and apply the
structure to the evaluative ranking of development models.

2.3. DEMATEL

DEMATEL was developed by the science and human affairs program of the Battelle Memorial
Institute in Geneva from 1972 to 1976. Its purpose is to solve problem groups that have complicated
structures and are interconnected [37]. This method clarifies the interdependent relations between
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variables or attributes on the basis of clear characteristics of objective facts. Moreover, restricted
relations such as related indispensable systems and developmental trends can be reflected [38].

This method is used to observe the influence levels between problem composition elements
through expert groups and create a multilevel structural hierarchy by using matrices and mathematics.
The hierarchy can clearly display the causal relationships between elements with digraphs, which
directly help designers to organize information and concepts clearly and systematically. The multilevel
structural hierarchy is extensively applied in various fields of decision evaluation research [39,40].
This study used this method to clarify the interdependent influential relationships among related
composition elements in the developed evaluation models in the research design. The related operation
steps are described as follows [38]:

Step 1. Define relation level scales between elements. The relation levels between any two elements
(xij; i,j=1,2,...,n) are defined as no influence (0), low influence (1), medium influence (2),
high influence (3) and extremely high influence (4).

Step 2. Construct initial direct relation matrix A.

1oy 4
A=l = E;[xij]nxn (1)

[xi‘]] =xK,1<k<H; x’l.‘j represents the comparison of elements 7 and j by the kth expert;
nxn

A= [aij]nxn is the integrated results of H experts,. a;; = 0.

Step 3. Establish normalized direct relation matrix D.

Let
n n
s = max[{qglq;’clz ajj, 1121]“39161; al-]-] )
Then
D=A/s 3)
Step4. Calculate total relation matrix T.
T=D(I-D)" @)

T=t],,

Step 5. Set the threshold value (p), establish total influence matrix T, and draw relational diagrams.
Elements T and p are compared. When t;; < p, the threshold value is set to be 0 and when t;; > p,
the original value of p is used. T is established and diagrams of influential relations between
elements are drawn.

2.4. ANP

ANP originates from a representative method of basic MCDA, namely the analytic hierarchy
process (AHP). It replaces unidirectional level structures with network patterns [41]. It can
clarify interdependent relationships in evaluation composition groups (dimensions or criteria) that
conventional level structures neglect [42]. To effectively account for interdependent relationships in
ranking evaluation, Saaty [41] used the pairwise comparison operations of the AHP expert groups.
After consistency is examined, the eigenvector (EV) evaluation values are obtained to construct
supermatrices. Thus, the weight values of composition elements are calculated for evaluative decisions.
The construction of supermatrices is similar to the concept of ‘the row randomly equals 1’ of the
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Markov chain [43]. To obtain convergence, the weight values of the evaluations are obtained through
the limits of their own exponentiation [41].

Because of the aforementioned characteristics and objective mathematical calculations, any ANP
elements that appear in the overall evaluation structures are considered to be directly related to the
overall evaluations, regardless of how small the weight level differences are. Consequently, evaluative
ranking results can be presented objectively [44]. Therefore, ANP has been extensively utilized.
The present study used this method to process comparisons with interdependences and select the
optimal scenario development plan. The related operations are explained as follows [41,45]:

Step 1. Construct the network structures of the problem. Clearly present the interdependent relations
between groups or elements;

Step 2. Establish pairwise comparison matrices and obtain EVs. Adopt the AHP and compare the
importance levels of influence between pairs of elements in every group. In addition, establish
pairwise comparison matrices that target objectives within groups. The compared importance
levels are expressed in nine-point scales. After consistencies are examined (C.R. = % <0.1),
the EVs are obtained;

Step 3. Construct supermatrices and calculate composition element weights. The related EVs are keyed
into constructed initial supermatrix W according to the interdependent influences revealed by
the network structures as well as the relative locations of the relations.

Sub Cri Alt
Subnet 0 0 0
W= rone ®)
Criteria Wy Wo Wy
Alternatives 0 W3 1

where [ is a unit matrix and 0 represents no influence. After supermatrix construction,
the weighted supermatrix is obtained on the basis of the row randomly equaling 1. Subsequently,
the converged limit supermatrix is obtained using the self-exponential limit of the weighted
supermatrix. The overall final weight values are presented.
lim Wk+1 (6)
k—co
Step4. Rank the evaluations and select the optimal plan. The priority weights of the plans are presented
in the limit matrix and the weights can be used to rank and select the optimal result.

3. Results

This study used the evaluation models in Figure 2 to clarify the interdependent relations among
the composition elements within ES, dimension groups and criteria groups. Objective quantification
was used to discuss CES development plans for rural landscapes in Taiwan. The research mainly used
the integrated professional opinions of field experts to systematically and effectively convert uncertain
problems that are subjective, qualitative and perceptual into objective, quantitative and definite value
calculations. Therefore, they can be references for evaluation discussions. The operation process and
results are explained here.

3.1. Establishment of Relational Influence in DEMATEL

The possible influences of CES rural landscapes were categorized into the ES, dimension,
and criteria groups in each dimension group through a literature review and understanding the actual
situations. The five-point scale and expert questionnaire were used to collect the opinions of 12 experts
who were familiar with the field of this study. These experts included professional rural landscape
planners, local development planners, government officials, rural researchers, university professors
and researchers in specialized fields. The relational influences were clarified and constructed.

First, the opinions of the 12 experts were integrated by targeting the ES group (Ey, x = 1, 2,
3, 4), dimension group (Py, y =1, 2,3, 4) and criteria group (V,, z = 1, 2, 3, 4). The initial direct
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relation matrices (A) Ag, Ap and Ay (including Av1_3, Avag, Avy-10 and Ay11-14), which represent the
influence levels among ES (Sy), dimensions (Py) and different criteria (V), were constructed according

to Equation (1).
0 356 311 233
0 322 356 0 333 278
3.00 0 3.00 278
Ag =| 3.00 0 2.89 Ap = Avis =| 3.11 0 244
3.00 3.11 0 289
333 3.00 O 278 233 0
211 2.67 3.00 0
0 278 278 233 0 267 278 267
0 378 311
A 356 0 289 A 244 0 356 1.89 A 3.00 0 3.11 2.89
V-6 = . . V7-10 = Vil-14 =
3.22  3.00 0 1.89 2.78 2.67 0 3.44
3.00 3.00 0
267 222 211 0 233 244 333 O

The maximum values (s) of the row or column vector sums in matrices Ag, Ap and Ay (sg = 6.78,
sp = 9.33, sy1_3 = 6.11, sys¢ = 6.89, sy7_19 = 8.44 and sy11_14 = 9.22) were obtained as the basis for
subsequent standardization of related relation matrices. In addition, the standardized initial direct
relation matrices (D) Dg, Dp and Dy (including Dv1_3, Dya4-¢, Dy7-190 and Dy11-14), for which values
were between 0 and 1, were established using Equation (3).

0 038 033 025

0 048 0.52 0 0.55 045
0.32 0 0.32 0.30
Dg =| 044 0 0.43 Dp = Dvyi13 =] 0.51 0 0.40
0.32 0.33 0 0.31
049 044 0 0.45 0.38 0
0.23 029 0.32 0
0 0.30 0.30 0.25 0 0.29 030 0.29
0 0.55 045
D 052 0 040 D 0.26 0 0.38 0.20 D 0.32 0 0.33 0.31
vae =| 0. . V7-10 = Vi1-14 =
035 0.32 0 0.20 0.30 0.29 0 0.37
044 044 0
029 024 0.23 0 0.25 026 0.36 0

Subsequently, the total relation matrices (T) Tg, Tp and Ty (including Tv1-3, Tvag, Ty7-10 and
Tv11-14), which can present the complete relationships between composition elements, were calculated
using Equation (4).

297 357 348 3.13

478 5.04 5.18 3.83 410 3.83
3.15 321 340 3.09
Tg=| 464 428 4.69 Tp = Tyviz3 =] 394 352 3.60
320 352 321 315
490 4.81 4.62 3.70 359 3.12
283 314 3.11 261
115 135 140 1.10 227 243 275 270
501 548 5.01
T 514 491 480 T 1.37 113 146 1.07 T 271 239 298 292
vi-6 =| 5. . . V7-10 = Vil-14 =
144 140 1.21 1.09 266 258 270 292
485 496 427
1.27 121 125 0.81 248 242 279 249

Finally, the total influence matrices (Tp) Tyg, Tpp and Tpy (including Tyv1-3, Tpvae, Tpv7-10 and
Tpvi1-14) were calculated using the current situations and the set threshold values (p) (pg = 4.77,
pp =317, pyi_3 = 3.69, pvag = 4.94, py7-10 = 1.23 and py1_3 = 2.64) required for the study.

0 357 348 0
478 504 5.18 0 am a0 0 383 410 3.83
Te=| 0 0 0 T,p = ’ ’ Tovia=| 394 0 0
PE P71 320 352 321 0 VI3

490 481 462 e Ty o 370 0 0

0 135 140 0 0 0 275 270
501 548 501
B . |10 146 0| 271 0 298 292
Vs = '0 w9 o VIO 44 140 0 0 VI h66 0 270 292
' 127 0 125 0 0 0 279 0
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On the basis of the total influence matrices Ty, Typ and Tpy (including Tpv1-3, Tpva-6, Tpv7-10 and
Tpvi11-14), the interactions among the composition elements of related groups can be clearly expressed
using digraphs (t; > 0 in the matrix indicates that element i influences element j; t;; = 0 indicates no
influence). Consequently, in the ES group, matrix T,g indicated that supporting ES (E;) influence
provision ES (E;) and regulation ES (E3). Regulation ES (E3) simultaneously influenced supporting
ES (E1) and provision ES (E;). The influential relations among the ES in the group are presented in
Figure 3 (the arrow from Ej to E, indicates that E; influences E;; 0 values in the T,g matrix indicate no
influence). Similarly, the dimension group (matrix Typ) indicated that environmental perception (P;)
simultaneously influences personal perception (P,) and interactive perception (P3) and is influenced
by interactive perception (P3). Personal perception (P,) and interactive perception (P3) influenced
each other. Opportunity perception (P;) was an independent element which did not influence or was
influenced by the other three. Similarly, the four matrices of Tyv1-3, Tpva-s, Tpv7-10, and Tpy11-14 could
be used to define the interactions among related criteria in each dimension group (Figure 3).

: Supporting ES [ |Provisioning ES|| Regulating ES
i E (E2) (Es)
1

e e e i |
Biodiversity value (V) H—
1
Environmental {1 Intrinsic value (V2) |—'—
7| perception (P1) |1 — : Global
| 1 Wildlife value (V3) ||— — environmental
1 : F:::::::::__:__:__::I CitiZeI’lS(Sl)
! 1 Esthetic value (Vi)
Personal perception Thera alues (Vs _:_
% (P2) Py vaes () I Global
: 1 Cultural values (Ve) +— (- technotopia
Cultural ES 1 : -:::::::::::::::_JI (S2)
(Es) : ! Learning values (V7)
1 ! — 1
Interactive Spiritual values (Vs) | Techno
1| perception (Ps) : Historical values (Vo) ’ —  Introvert
1
I : 1| Survival values (Vio) > (59)
I
' | B Feonomic vabues (Vi) 1
: | conomic values (V1) I-R Satoyama—
Jl_ Opportunity | Recreational values (Vi2) | — S'atoumi o
: perception (Ps) | Life sustaining values | renaissance i1
___________ 1 <
: Future values (Vis)

Figure 3. Influential relations and evaluation structures.

To conclude the aforementioned results, the clarified interactions were integrated into the MCDA
model, and the four scenario development plans of the JSSA (S, 4 =1, 2, 3, 4) were included. The overall
influential relations and evaluation structures were constructed as presented in Figure 3.

3.2. ANP Interdependence Treatment and Evaluation

The nine-point scale by Saaty [41] was adopted as the basis and the EVs (G, Ex, Py, V;, Sj)
were obtained through the pairwise comparison of the overall related composition elements of the field
expert questionnaires according to the structure in Figure 3. Subsequently, the relative locations of the
evaluation structures were keyed in to construct supermatrices, and the evaluative rankings of the
composition element weight values and development plans of different groups were calculated. In the
process, the questionnaires for seven field experts with questions such as ‘Regarding CES (E4), compare
the influence levels between dimension groups P;, Py, P3 and P, pairwise’. All questionnaires were
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retrieved, and they all passed the consistency test. The EVs calculated from the seven questionnaires
were integrated with arithmetic means to obtain the supermatrices and their corresponding weight
values for evaluation.

The related operation process consisted of three major parts: (1) The influence elements of external
interdependence were compared pairwise. For example, when considering the target (E4), expert 1
compared the three ES (E;, E; and E3) pairwise at the group level of external interdependence (Table 2).
Then, the EV values of the seven experts were integrated into the results in Table 3; (2) The level
elements were compared pairwise and targeted the elements of the previous level. For example, when
considering target G (Ey), expert 1 compared the four perceptions (P;, P, P3 and Py) of the dimension
group level pairwise (Table 4). Subsequently, the EV values of the seven experts were integrated into
the results in Table 5; (3) The interior interdependences between elements of the same level were
compared pairwise. For example, when considering E7, expert 1 compared E; and E3 pairwise (Ej is
influenced only by itself and E3 within the group) in the ES group level of exterior interdependence
(Table 6). In addition, the EV values of the seven experts were integrated into the results in Table 7.

Table 2. Pairwise comparison and eigenvector (EV) values of E;, E; and E3 by expert 1 targeting

target G (Ey).
G (E4) &p1) Eq Ez E; EV
Eq 1 4 1/2 0.344
E, 1/4 1 1/4 0.109
Ej 2 4 1 0.547

Amax = 3.054, CI = 0.027 < 0.1(0.K.), CR = 0.046 < 0.1(O.K.).

Table 3. EV values of Eq, E; and Ej of the integrated expert group targeting target G (Ey).

G (E4) gpail) EP; EP, EP; EP, EPs EPg EP; EV
E; 0.344 0.635 0.710 0.124 0.122 0.230 0.311 0.354
E, 0.109 0.078 0.155 0.359 0.320 0.648 0.493 0.309
E; 0.547 0.287 0.135 0.517 0.558 0.122 0.196 0.337

Table 4. Pairwise comparison and EV values of Py, P,, P3 and P4 by expert 1 targeting target G (E4).

G (E9) @p1) Py Py P3 Py EV
Py 1 5 6 2 0.515
Py 1/5 1 2 1/3 0.112
P, 1/6 12 1 1/5 0.067
P3 12 3 5 1 0.306

Amax =4.037, CI =0.012 < 0.1(0.K.), CR = 0.014 < 0.1(O.K.).

Table 5. Integrated EV values of Py, Py, P3 and P4 of the expert group targeting target G (E4).

G (Es) gpan EP, EP, EP; EP, EP; EP; EP, EV
E; 0.515 0.301 0.097 0.485 0.118 0.584 0.340 0.349
E, 0.112 0.113 0.285 0.280 0.346 0.264 0.129 0.218
E; 0.067 0.048 0.298 0.068 0.305 0.052 0.126 0.138

Ey 0.306 0.538 0.320 0.167 0.232 0.100 0.405 0.295
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Table 6. Pairwise comparison and EV values of E; and Ej by expert 1 targeting the interior
interdependences of E;.

E1 &Py Eq E; EV
E, 1 1/4 0.200
E; 4 1 0.800

Amax = 2.00, CI = 0.00 < 0.1(0.K.), CR = 0.00 < 0.1(O.K.).

Table 7. Integrated EV values of E; and E3 of the expert group targeting the interior interdependences

of E1 .
G (Eq) gpann EP; EP, EP; EP, EPs EPs EP, EV
Eq 0.200 0.333 0.800 0.111 0.200 0.333 0.167 0.306
E;3 0.800 0.667 0.200 0.889 0.800 0.667 0.833 0.694

The aforementioned analysis results demonstrate that this study design can effectively convert
complicated interdependent relations into objective quantifiable values in different development plans
in the overall evaluation process. In addition, the influence levels of the evaluation composition
elements can be presented with definite weights and the different development plans, dimensions and
criteria can be further compared. The related evaluation and analysis are discussed as follows:

The aforementioned obtained EV values were keyed in according to the relative locations of the
evaluation structures to construct the initial supermatrices (Table 8), weighted supermatrices, and limit
supermatrices (Table 9) converged using their own exponentials (M252 power).
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Table 8. Initial supermatrices.

E4 Eq E E; P1 P, P3 Py Vi Va Vs Vy Vs Ve \44 Vs Vo V1o Vi Viz Viz Via S1 S22 Sz S
E4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E; 0.354 0.306 0.224 0.240 0.396 0.488 0.355 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E, 0.309 0 0.308 0 0.000 0.288 0.445 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Es 0.337 0.694 0469 0760 0.604 0.224 0.199 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P 0.349 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P, 0.218 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P3 0.138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Py 0.295 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Vi 0 0 0 0 0.170 0 0 0 0.158 0.355 0.219 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Vv, 0 0 0 0 0.302 0 0 0 0.384 0.645 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
V3 0 0 0 0 0.529 0 0 0 0.459 0 0.781 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
\' 0 0 0 0 0 0.311 0 0 0 0 0 0.524 0.336 0474 0 0 0 0 0 0 0 0 0 0 0 0
Vs 0 0 0 0 0 0.255 0 0 0 0 0 0.476 0.188 0 0 0 0 0 0 0 0 0 0 0 0 0
Vg 0 0 0 0 0 0.433 0 0 0 0 0 0 0.475 0.526 0 0 0 0 0 0 0 0 0 0 0 0
Vs 0 0 0 0 0 0 0.173 0 0 0 0 0 0 0 0.183 0.314 0.256 0 0 0 0 0 0 0 0 0
Vg 0 0 0 0 0 0 0.250 0 0 0 0 0 0 0 0.273 0.342 0.303 0 0 0 0 0 0 0 0 0
Vy 0 0 0 0 0 0 0.413 0 0 0 0 0 0 0 0.367 0.342 0.255 0 0 0 0 0 0 0 0 0
V1o 0 0 0 0 0 0 0.164 0 0 0 0 0 0 0 0.178 0 0.186 0 0 0 0 0 0 0 0 0
Vi1 0 0 0 0 0 0 0 0.237 0 0 0 0 0 0 0 0 0 0 0.236 0 0.370  0.305 0 0 0 0
Vi 0 0 0 0 0 0 0 0.310 0 0 0 0 0 0 0 0 0 0 0.391 0 0.257  0.290 0 0 0 0
Vi3 0 0 0 0 0 0 0 0.132 0 0 0 0 0 0 0 0 0 0 0.373 0 0.134 0.164 0 0 0 0
Vig 0 0 0 0 0 0 0 0.321 0 0 0 0 0 0 0 0 0 0 0 0 0.239 0.241 0 0 0 0
Sq 0 0 0 0 0 0 0 0 0.237 0311 0.240 0.181 0.188 0.213 0.18 0.226 0.205 0249 0.274 0.187 0.157 0.160 1 0 0 0
Sy 0 0 0 0 0 0 0 0 0.275 0.251 0.281 0.343 0.336 0337 0355 0301 0.329 0268 0.151 0.342 0.347 0.305 0 1 0 0
S3 0 0 0 0 0 0 0 0 0.215 0.161 0.226 0242 0.225 0.173 0.253 0.188 0.271 0227 0.182 0.202 0.240 0.271 0 0 1 0
Sy 0 0 0 0 0 0 0 0 0.273 0277 0254 0234 0.252 0277 0207 0287 0.195 0255 0.394 0269 0.255 0.265 0 0 0 1
SUM 2 1 1 1 2 2. 2 1 2 2 2 2 2 2 2 2 2 1 2. 1 2 2 1 1 1 1
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Table 9. Weighted supermatrices and limit supermatrices.

Eq E E; P1 P, P3 Py Vi V2 Vs Vy Vs Ve \44 Vg Vo V1o Vi Viz Vi3 Via S1 S22 Sz S

Eq

Ey

Eq

Ep

Es

Py

P3

P4

Vi

V2

V3

V4

V5

A

V7

V8

V9

0
0

V10
Vil

Vi2

Vi3

Vi4
S1

1
0
0
0

0.179

0.187  0.180
0.342
0.202

0.235
0.228
0.196
0.342

0.202 0218 0.212 0.249
0.332 0.268

0.243
0.222

0.203

0.191
0.338
0.218

0.205 0216 0.195 0251 0295 0.242 0.185
0.298 0.278  0.341

0.319

0.215 0215 0.237
0.285
0.210

0.215

0.215

0317  0.298

0.320
0.251

0.339 0.311

0.193
0.264

0.257

0.272

0.305
0.225

0.299
0.215

0.299 0299 0.299
0.215 0.215

0.215

52
S3

0.242

0.226
0.277  0.281

0.227
0.256

0.211

0.234
0.240

0.174  0.223
0.274  0.257

0.209

0.217

0.214

0.269

0.216

0.259

0.253

0271 0271 0271 0271 0268 0263 0253 0291 0.269

S4
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3.2.1. Future Scenario Trends

The weight results of this study (see Table 9) indicate that global technotopia (Sp, 0.299) >
Satoyama—Satoumi renaissance (S4, 0.271) > techno introvert (S3) = global environmental citizens
(51, 0.215, > represents ‘has higher priority than”). Namely, experts and scholars may believe that
because of increasing globalization and trade liberalization, people can use specialized technological
developments in Taiwan to change rural landscapes. However, rural landscapes greatly influence
CES [5,6]. This change increased the integration of agricultural production landscapes with trade
liberalization and globalization. For example, an increase in processing plants for specific crops on
farmland creates agricultural competitiveness under globalization. The agricultural activities are even
combined with international tourism and recreational activities.

The study results demonstrate the relative importance of the Satoyama-Satoumi renaissance.
Consequently, the preservation of the Satoyama and Satoumi ecosystems can highlight the values of
current rural landscapes in Taiwan. Therefore, the green economy or Satoyama capitalism in local
circular economies [46] can emphasize production methods such as the eco-friendly farming of local
rural industries in Taiwan. For example, eco-friendly or organic farming in rice fields, fish farms
and the under-forest economy will be a beneficial direction for future development and operation.
It also highlights the contributions of CES. In addition, because the local techno introvert and global
environmental citizens scenarios had lower evaluation weights, they were less crucial. Consequently,
they are not the main directions for future rural landscape development in Taiwan.

3.2.2. ES Evaluations Under Different Scenarios

The numeric values of different rows in the development plans (S;, S;, S3 and Sy) clearly indicate
that environmental perception (P1:0.237) > interactive perception (P3:0.216) > personal perception
(P2:0.205) > opportunity perception (P4:0.195) with the global environmental citizens (S;) scenario as
the example. This indicates that regarding the global environmental citizens development plan for
Taiwan, the most related factor is the external environment of the rural landscapes, such as eco-friendly
farmland, forests or fish farms. The experts believed that the intensity of people’s environmental
perception can effectively exhibit the awareness of global environmental citizens. Consequently,
people’s environmental perceptions and awareness of rural landscapes must be established first.

The extended examination of the criteria revealed that intrinsic values (V7:0.295), biodiversity
values (V:0.251), survival values (V1(:0.249) and wildlife values (V3:0.242) have higher weight values.
This adequately corresponds to the best performance of the (S;) development plan on environmental
perception. Global environmental citizens value basic survival (V1(:0.249) and overall economic
development values (V11:0.235), but not therapy (V5:0.191), recreational (V1,:0.187), esthetic (V4:0.185),
life sustaining (V13:0.180) or future values (V14:0.179). Therefore, the development plan of global
environmental citizens in Taiwan should focus on the values generated by basic landscapes that
produce food and raw materials. The basic survival and economic development values of rural
landscapes should be protected.

The examination of global technotopia (Sy) revealed that personal perception (P;:0.319) has higher
priority than do interactive perception (P3:0.305), opportunity perception (P4:0.298) and environmental
perception (P1:0.285). This result indicates that in scenario S,, personal perceptions are emphasized
to obtain development opportunities. The potential opportunity perception and the influence of
natural environments on people are not as valued. In the global technotopia scenario for Taiwan’s
future, data acquisition on personal perceptions of rural landscapes must be reinforced. The criteria
weight performances under this dimension from high to low were recreational (V,:0.342), aesthetic
(V4:0.341), cultural (V:0.339), therapy (V5:0.338) and learning values (Vy:0.332). The wildlife (V3:0.278),
biodiversity (V1:0.272) and intrinsic values (V,:0.257) of the environmental perception dimension had
lower weight values. This indicates that the global technotopia scenario (S;) focuses on personal
perception values. It can reinforce the cultivation of personal recreation and esthetic appreciation,
thus emphasizing the culture, therapy and knowledge of rural landscapes. Therefore, future cognitive
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models of rural landscape development may change to reinforce the interaction of a global technotopia
and rural landscapes.

For the performances of the local techno introvert (S3 row) scenario under the target Ey4,
the interactive perception (P3:0.225) of the dimension stood out slightly (opportunity perception
(P4:0.217) = personal perception (P,:0.214) = environmental perception (P»:0.210)). This indicates
that when local techno introvert (S3) is reflected on the dimension, in contrast to environmental
perception being the most crucial dimension for global environmental citizens, the local techno
introvert scenario requires more interactive perception. The results that reflected on criteria were
historical values (Vy:0.251) > learning values (V7:0.243) = future values (V14:0.242) > esthetic values
(V4:0.234). The results correspond with the rural landscape values of local historical development
that are emphasized in the dimension. In addition, the possible niche of local knowledge should be
strengthened and would subsequently be converted into local features that are suitable for the history
of the rural area such as increasing values of produce through initial processing production.

Under the Satoyama-Satoumi renaissance (S4 row), opportunity perception (P;:0.291) >
environmental perception (P;:0.268) > personal perception (P:0.263) > interactive perception (P5:0.253).
This indicates that for the future Satoyama—Satoumi renaissance scenario in Taiwan, the identification of
opportunities in the Satoyama and Satoumi of rural landscapes is the most crucial for the possibility of
renaissance. For example, eco-friendly and organic farming can be promoted to increase green economic
development. New industries such as recreational agriculture or new venture opportunities can be
created. The examination of different criteria under the dimension of Satoyama—Satoumi renaissance
(S4) revealed that future values (V14:0.281), life sustaining values (V13:0.277) and intrinsic values
(V2:0.274) had higher weight performances. This indicates that in the Satoyama—-Satoumi renaissance
(S4) future, opportunity perception and life sustaining values are prioritized. This means that the
Satoyama-Satoumi renaissance scenario requires a development plan that emphasizes opportunities
and future potential.

4. Discussion

This study revealed that experts and scholars can objectively evaluate possible development
plans of future rural landscapes in Taiwan. The global technotopia will be the most crucial scenario.
This result corresponds with Taiwan’s policy inclinations of developing into a technological silicon
island and promoting smart agriculture. Taiwan has an environment of small-scale farmers and
farmers have small plots of agricultural land. Consequently, to maintain food safety and preserve
rural landscapes, current novel technology must be combined with agricultural production techniques
to promote sustainable agricultural development. In addition, the Satoyama—-Satoumi renaissance
scenario plan has the highest weight in opportunity perception. On the basis of the current background,
the policy incentive of future opportunities involve the promotion of the agricultural environment
with the harmonic coexistence of humans and nature. When also considering eco-friendly farming in
ecosystem preservation, niches such as consumer awareness of agricultural produce health and safety
must be identified. In addition, opportunities for agricultural transformation and increasing farming
income should be provided. Regarding the global environmental citizens and local techno introvert
scenarios, numerous individuals and nongovernmental organizations in Taiwan voluntarily to return
to rural areas, preserve the cultural heritage of rural areas and contribute to local renovation. Rural
landscapes can be adequately preserved and adjusted, thereby promoting the cultivation of public
awareness and possibly rural regeneration.

Restate the evaluation of CES, Milcu et al. [1] and Fagerholm et al. [47] argued that compared
with research on the other three services, current research on CES in rural landscapes remains
insufficient. The studies on rural landscapes and CES by Rewitzer et al. [20], Tekken et al. [48] and
Hanacek and Rodriguez-Labajos [6] have demonstrated that CES evaluation is divided into multiple
indices or items. Balram and Dragicevic [49], Brown and Raymond [50], Bieling and Plieninger [51] and
Plieninger et al. [52] have developed measurement indices for CES in communities with small spatial
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scales. Tratalos et al. [53] indicated that CES research has extremely complicated indices such as personal
experience, interview motives and related people and things. Consequently, they recommended that
complication, time-intensive treatment and difficulty in comparisons between places be avoided when
making indices. Wangai et al. [54] reviewed studies of CES indices and recommended that effective
CES indices have high correlations with topics, practicality, low investigation costs and results that can
easily become references for decision-makers. This study contributed to complement this insufficient
gap and provide a practical and valid decision-making evaluation system.

Because of worsening global climate change and urbanization that threaten rural landscapes,
ecosystem services (ES) are considered a crucial method of understanding environmental challenges.
However, CES is often distinguished from the three other major services (supporting, provisioning and
regulating services). For example, Raymond et al. [12] argued that ES have the duality of ecosystems
and cultural systems and neglects relations between humans and the environment. ES also have
characteristics that may originate from interactions among perceptions, culture and the environment.
Therefore, ES can be presented more comprehensively and objectively. Consequently, the consideration
of this perspective can produce consistent measurement criteria, which are beneficial to understanding
the value of CES. This study considered a wider and more consistent benchmark and helped to realize
the values of CES.

In addition, various studies have discussed the relationships between rural landscapes and
CES [5,6,20,48,55]. Reyes-Garcia et al. [55] argued that CES is a crucial consideration for maintaining
the plants that people collect and eat. People habitually continue to participate in activities and
consumption because parts of rural landscapes have high cultural value or recreational functions.
In Taiwan, diverse agricultural products are produced at different times and corresponding festivals
were developed, creating deep connotations. Rewitzer et al. [20] used multiple indices to quantify
changes in rural landscapes and demonstrated that farmland use influences cultural landscapes.
Tekken et al. [48] conducted interviews with small-scale farmers according to social and cultural indices.
They obtained the farmers’ preferred order of sustainable land-use strategies with cultural and social
backgrounds and demonstrated the influence on CES when traditional cultural landscapes disappear
because of rural intensification in Southeast Asia. Hanacek and Rodriguez-Labajos [6] compared
the connections between different farmland uses and CES and argued that rural ecosystems are
highly correlated with CES. In addition, different farmland uses influence ecological cultural diversity.
These studies have indicated that farmland globally is threatened by serious loss, which further affects
CES in rural landscapes. This loss will reduce the ecological and economic connective functions
and effects of rural landscape CES. Consequently, effective governance strategies for adjustment or
prevention are urgently required. This study supported decision-makers with a set of evaluation
model for actually promoting such governance strategies to improve CES and prevent the loss of
rural landscapes.

This study used a multiple-criteria decision evaluation method to determine the relationships
among the goals, dimensions and criteria for future scenarios. The analytical results for future
development plans can be used as objective references for backcasting [56]. This was a basic study to
analyze rural landscapes in Taiwan for sustainability. In this study, landscape perceptions were used as
dimensions in discussions on CES evaluations to ensure that experts and scholars evaluated the relative
importance of landscape perceptions when targeting different future scenario plans. In addition,
the study by Brown [35] indicated that the 14 landscape value concepts remain vague and can be
selectively used adequately. Consequently, the importance of CES values yielded in this study through
objective numeric analysis is sufficient as an objective reference for value selection. For example,
regarding the personal perceptual dimension in the discussion of the global technotopia scenario plan,
recreational, esthetic, and cultural values must be prioritized. For the Satoyama-Satoumi renaissance
scenario plan, learning or historical values must be eliminated first. This study limited to convert the
four JSSA scenarios though the suitability is based on the similar historical context and landscape
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between Taiwan and Japan, However, the application of the evaluation in other regions still needs to
verify their regional characteristics.

5. Conclusions

This study revealed that the combination of MCDA structures and DANP operations in the
evaluation of rural landscapes can effectively model the interdependent relationships of landscape
perceptions and CES values. In addition, the selection of future development scenario plans can be
conducted. Consequently, the evaluation models for rural landscapes in Taiwan established in this
study will be beneficial for decision-making in CES plan evaluations. This study can also address the
disadvantages of CES abstractness and fill the gap in rural landscape CES studies. The calculation
of interdependent relationships among composition elements by using DEMATEL can clarify the
influential relationships among composition elements. The evaluation operation of ANP can effectively
convert qualitative evaluation compositions into objective quantitative values through group expert
decision-making. The importance of different evaluation compositions was presented with clear
weights. The evaluation results revealed the priority of each scenario plan concretely and specifically
and the landscape perception dimensions and evaluation situations of CES value criteria are presented.

The objective evaluation model of rural landscape CES established in The DANP results can
provide future development plans for rural landscape CES in Taiwan. Though the results indicated
that the “global technotopia” scenario is the highest priority, followed by the “Satoyama—-Satoumi
renaissance” scenario and the other two. The four scenarios of the JSSA were considered usable in this
study for the evaluation of rural landscape development plans in Taiwan. However, suggestions to
future studies may highlight relationships between landscape perceptions and CES value evaluations
and between scenarios and spatial land use policies that can further clarify the sustainable development
trends of rural landscape CES in Taiwan.
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