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Abstract: To achieve the 2025 Non-Nuclear Homeland goal and carbon emission mitigation target,
the Taiwan government has been developing actively green and renewable energy with low carbon
emissions. This study assessed the FSPS development project in the Cigu region of Tainan City to
provide a thorough analysis toward making tradeoffs among ecosystem conservation, aquaculture,
fisheries, and green power generation development. This study employs the choice experiment
method and designs different attributes and levels to discuss the preferences of stakeholders in the
policy development choices for ecosystem conservation and FSPS. The hope is that it can balance
economic development and ecological conservation. The findings demonstrate that the tourists’
marginal willingness to pay is low. The respondents then give importance to improving biodiver-
sity. Finally, they prefer minimal changes to the status quo with the FSPS policy implementation.
These findings can serve as a reference for decision making for regional sustainable development,
aquaculture and fishery upgradation, and green power generation and exploitation.

Keywords: renewable energy; climate change; choice experiment; ecosystem conservation; solar
energy generation

1. Introduction

Climate change has become a global concern [1], and the development of renewable
energy is essential in mitigating climate change [2,3]. Hence, renewable energy has become
pivotal for energy policies of many countries [4–7]. Taiwan has explicitly stipulated that its
long-term greenhouse gas-reduction goal is to reduce 50% or more of its 2015 greenhouse
gas emissions by 2050. According to Taipower [8] data, renewable energy development
in Taiwan has prioritized wind and solar power generation; however, renewable energy
constituted only 4.9% of the power generation structure in 2018. Accordingly, Taiwan’s
Agriculture Committee of the Executive Yuan approved the Two-Year Promotion Plan of
Solar Photovoltaic Power Generation to accelerate the growth of renewable solar power
generation. Taiwan is located in a subtropical area; hence, its sunlight exposure angle
is suitable for the development of solar photovoltaic power generation. Therefore, to
facilitate aquaculture and fisheries along with green power generation, fishery and solar
power symbiosis (FSPS), which uses solar panels to generate electricity while raising fish
by deploying solar photovoltaic facilities on the embankments of aqua farms, has been
established [9].

The planned pilot areas of FSPS are in Changhua, Yunlin, Chia-I, Tainan, Kaohsiung,
Pingtung, etc. in Taiwan, and the study area—the Cigu region of Tainan City (as shown in
Figure 1)—has an aquaculture and fishery area of 4080 hectares. It has 1728 aquaculture
farmer households and is an important aquaculture area of Taiwan [10]. Cigu is in the
range of Taijiang National Park and has abundant geological and topographical patterns
along with the largest number of black-faced spoonbills in winter globally (as shown in
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Figure 2). Activities such as seaborne oyster sheds, bird watching on wetlands, fishing
village culture season, and oyster collecting experiences make Cigu a tourist attraction
serving ecosystem experiences, cultural education, and recreational tourism (as shown
in Figure 3). Spellman [11] indicated that the large-scale use of solar panels causes land
deterioration and habitat loss in large areas and may have direct negative effects on
wildlife [12]. Dhar et al. [13] also revealed that the development of solar power generation
affects the environment, causing avian deaths, biodiversity loss, habitat loss, and visual
impacts. With the implementation of FSPS, instead of renting out aqua farms to aquaculture
farmers, landowners prefer renting them to solar power generation operators at a high price.
Accordingly, aquaculture farmers using existing aqua farms must lease them from these
operators, which exacerbates their future capacity to lease. Moreover, chemical pollution
from the solar panels directly affects the aquaculture market; hence, local aquaculture
farmers object to the project, underlining issues such as contract stability, high rent, and
aquaculture product safety. Currently, Cigu has no consensus on the issue of ecosystem
conservation and FSPS; further, the FSPS project to be implemented by the government
may have deleterious effects on the ecosystems of the wetlands, aquaculture, and fisheries.
Hence, the study area chosen is the Cigu region of Tainan City.
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The ecosystem is confronted with changes in regional development, climate change,
and land use patterns [14]. In recent years, sustainable development integrating aspects in-
cluding society, the ecosystem, the economy, and mechanisms has gradually been accepted
by the public [15–18]. The Economics of Ecosystems and Biodiversity (TEEB) defined eco-
compensation as a management method to protect an ecological environment and improve
ecological services [19]. Muradian et al. [20] believed that nonmarket policy instruments,
including taxation, subsidies, user payments, fines, and controls, can serve as incentives to
provide good ecosystem services, appropriately reflecting the deserved compensation for
its positive externality, penalizing the negative externality, or applying costs payable for
its use. Ecocompensation or incentives may be provided to the stakeholders who adopt
friendly management to achieve no net loss of the ecosystem service [21]. Ecocompensa-
tion is premised on a specific and explicit ecological value, which can be assessed using
the choice experiment method (CEM) for any nonmarket property at different attribute
levels [22]. CEM is based on hypothetical markets wherein respondents are required to
make tradeoffs with the given choices, revealing the marginal utility for specific attributes;
it is useful in determining the value of multiple characteristics and their relative importance
to participants [23]. Therefore, this study employs CEM to establish a utility model for
ecosystem conservation preference; it discusses tourists’, local residents’, and aquaculture
farmers’ preferences for policy development choices for ecosystem conservation and FSPS
in Cigu using ecocompensation as the benefit assessment criterion. Finally, this study ana-
lyzes the issues reflected in the above model and provides a reference for decision making
on aspects including ecosystem conservation, aquaculture and fisheries upgradation, and
green power generation development.

Sustainable development is a core issue in the field of environmental and natural
resources. Considering sustainable development and FSPS have never been seen before
in Taiwan, this study adopts small-scale experiments to simulate different scenarios and
land use patterns to provide a thorough assessment and analysis, which could facilitate
tradeoffs among ecosystem conservation, aquaculture, fisheries, and green power genera-
tion. This study provides new insights by expanding the breadth and depth of research on
regional ecosystems.

2. Materials and Methods
2.1. Nonmarket Valuation

In recent years, environmental economists and ecologists have been continuously
studying the quantification tools and assessment methods for nonmarket goods to measure
the economic benefit of natural environment conservation. Among the common assessment
methods, nonmarket goods can be classified as those using revealed preference (RP) and
stated preference (SP). RP means to survey the actual chosen behaviors or results that have
already occurred in the target market directly via questionnaires. Common assessment
methods include the traveling cost and hedonic price methods. Conversely, SP can survey
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the results that have not occurred in the target market to obtain the respondents’ choice
preference data, and it uses the contingent valuation method (CVM) and CEM. Mark
and Swait [24] revealed that SP can amend the disadvantages of RP, such as insufficient
collinearity and the variation degree of variables, so parameter assessment can be more
explanatory, reflecting the respondents’ actual preferred choices; therefore, SP is a main
value study method in the natural environment field. Applying CVM has some limita-
tions [25]; accordingly, CEM has gradually gained importance in measuring the value of
nonmarket goods [26]. While CVM can only consider the characteristic attributes of natural
resources as goods as a whole and conduct single value analysis, CEM can assess multiple
attributes and levels, combine different alternative schemes according to the important
characteristics of nonmarket goods or services, and allow the respondents to select suitable
alternative schemes based on their preferences via the choice set of different scenario
assumptions to avoid assessment-biased errors [27]. Therefore, CEM can better solve the
profit and loss comparison issue of the multiple ecological attributes of ecosystem services
and demonstrate the preference for the same [28]. Hence, CEM has been widely used in
discussions on many topics.

Rulleau et al. [29] adopted CEM to investigate Alsace of France residents’ preferences
for ecosystem services of wetlands. Liu and Yang [30] adopted CEM to assess the tourists’
preferences and willingness to pay (WTP) for the management of a black-faced spoonbill
conservation area. Xi et al. [31] used a random parameter logit to study the Caofeidian
Coastal Wetland of China (Mainland) and revealed that respondents with higher education
levels have relatively high WTP for wetland conservation. Huang et al. [32] adopted
CEM to discuss tourists’ views toward the value of the landscape and ecosystem services
of the Kaumei Wetland. Owuor et al. [33] adopted CEM to analyze Kenyan residents’
preferences in Africa for the biodiversity and ecosystem services of mangrove forests.
Mao et al. [34] used CEM to measure the preferences of Chinese residents for wetland
management. Hassan et al. [35] used CEM to study rural and urban residents’ views of
Southwest Malaysia toward wetland protection. Kim et al. [36] adopted CEM to discuss
the acceptance preference of Korean residents toward wind power generation.

Accordingly, these studies indicate that CEM can be used to establish a multi-attribute
utility function between natural resources and the environment. CEM can also be used to
estimate the economic value of environmental resources, goods, and services, including
by conducting value measurements of endangered species conservation and the improve-
ment, service planning, and value estimation of recreational facilities, as well as preference
gauging for a wetland’s ecological area plan. Particularly, in biodiversity conservation,
conservation preferences for different endangered species and improvements in endan-
gered species classification are the main characteristics of species conservation, and the
establishment of a restoration fund system is an important consideration for conservation
policies. Hence, referring to relevant literature, this study adopts CEM as the theoretical
basis for the construction of the scheme characteristic attributes and constructs the multi-
attribute utility function, management scheme assessment mode, and architecture of Cigu.
Meanwhile, via the choice sets of different scenario assumptions, this study assesses the
preferences of tourists, local residents, and aquaculture farmers for ecosystem functions so
that the respondents can choose suitable alternative schemes according to their preferences
and assess the economic benefits of the schemes.

2.2. Choice Experiment Design

The questionnaire design covers three parts. The first part includes knowledge and
conservation preferences to discuss respondents’ knowledge about the environmental
impacts of FSPS and their willingness for conservation. The questions delve into the re-
spondents’ knowledge of environmental damage caused by solar panels and the influence
of FSPS on aquaculture while surveying the tendency and preference for future ecosystem
conservation, from which the respondents’ basic knowledge about the conservation of the
region can be obtained. The second part includes preferences for ecosystem conservation
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policies, which adopts CEM to discuss the respondents’ preferences for the ecosystem
conservation policies in Cigu and their willingness for compensation. The attributes in-
clude “biodiversity”, “land use pattern”, “FSPS coverage ratio”, “coastal landscape” and
“ecocompensation fund”. The permutation and combination of different attributes and
level values can produce 405 (3 × 3 × 3 × 3 × 5) scenario combinations for respondents to
choose from. In the actual survey, however, to reduce the burden of the respondents, this
study adopts an orthogonal design method to reduce 405 combinations to 25 alternative
schemes and 1 status quo scheme; then, after removing 18 unreasonable ones, 15 choice
sets were produced. For the credibility of the permutation changes of the choice sets, each
respondent must choose one out of three schemes, including two different alternative
schemes and the status quo scheme from three choice sets (as shown in Tables 1 and 2).
Therefore, each questionnaire included two choice sets; hence, seven versions of question-
naires were produced. The third part includes basic information about the individuals,
including gender, age, education background, monthly personal income, and preference
for ecosystem conservation, among other questions. The connotations of the attributes are
explained as follows:

Table 1. Questionnaire design example.

Attribute Scheme 1 Scheme 2 Status Quo

Biodiversity
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Biodiversity 
 

Improving biodiversity 
 

Maintaining biodiversity 
 

Maintaining biodiversity 

Land use pattern 
 

Maintaining the status quo 

 
Increasing the area of solar power 

facilities 

 
Maintaining the status quo 

FSPS coverage ratio 

40% coverage ratio  70% coverage ratio  0% coverage ratio  

Coastal landscape 

Floating solar power facilities land-
scape 

Fixed solar power facilities 
landscape 

Aqua farm landscape 

Ecocompensation 
fund 

NT$500/year NT$250/year Maintaining status quo 

Scheme selection 
(Choose one from the 

three) 
□ □ □ 

  

Maintaining the status quo

FSPS coverage ratio
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Maintaining biodiversity 

Land use pattern 
 

Maintaining the status quo 
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Maintaining biodiversity 
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Maintaining the status quo 
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facilities 

 
Maintaining the status quo 

FSPS coverage ratio 

40% coverage ratio  70% coverage ratio  0% coverage ratio  
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Table 2. Questionnaire design example.

No. 1 3 6 12 17 25

3 1 × 3
6 1 × 6 3 × 6

12 1 × 12 3 × 12 6 × 12
17 1 × 17 3 × 17 6 × 17 12 × 17
25 1 × 25 3 × 25 6 × 25 12 × 25 17 × 25

2.2.1. Biodiversity

The coastal wetland is a highly productive ecosystem [37–39]; hence, excessive
exploitation of the coastal ecosystems has drawn many scholars’ concern over recent
years [33,40–42]. Biodiversity reflects the range and diversity of animals and plants in
the wetland and is often used as an indicator for assessing coastal ecosystems [33,35,38].
Suziana [43] adopted CEM to discuss the conservation of the Malaysian wetland ecosystem,
with attributes including environmental conditions, biodiversity, recreational services,
flood control, and subsidy changes. The FSPS policy to be implemented by the Taiwan gov-
ernment pays attention to developing green energy generation facilities without affecting
the existing fishery production, and ensuring that the aquaculture production environment
is optimized to reduce the labor input. Additionally, if biodiversity cannot be destroyed
when developing the FSPS, it is more perfect. In summary, this study discusses whether
the animals and plants in the study area are protected or recovered based on the status quo
of development.

2.2.2. Land Use Patterns

Changes in land use patterns can gradually weaken ecosystem functions [44]. Hence,
evaluating the preference of the stakeholders in the study area for land use patterns is
helpful for regional development and the adjustment of land usage policies [45,46]. Erb [47]
divided land usage changes into two types, namely pattern change, such as aquafarm
to house, and intensity change, such as the change of production (value or quantity) of
an aquafarm by unit area and unit time. In Taiwan, the development of limited land
area requires consideration of land use patterns. This study adopts land use patterns as
an attribute to discuss the preferences for the distribution of land use patterns in Cigu,
particularly for “increasing afforestation area” and “increasing the area of solar power
facilities.”

2.2.3. Fisheries and Solar Power Symbiosis Coverage Ratio

Currently, wetland conservation and FSPS are not balanced, and this study’s findings
on the measurement of compatibility between economic development and sustainable
resources are still incomplete. Therefore, this study attempts to discuss the preferences
of tourists, local residents, and aquaculture farmers regarding policy development for
wetland ecosystem conservation and FSPS using CEM. In the simulation test for actual
FSPS by Taiwan Aquatic Product Laboratory (APL), conducted in 2019, the coverage ratios
adopted were 0%, 40% and 70%, and the test results showed that clam growth was best
for the 40% coverage ratio. Clam growth for the 40% coverage ratio was better than the
growth observed for the 70% coverage ratio; the growth for the 0% coverage ratio ranked
last. Moreover, it was found that FSPS equipment can effectively lower the temperature in
summer and prevent it from dropping sharply in winter. The Working Principles for FSPS
Test Project Plan stipulates that the area of the arranged solar facilities shall not be more
than 40% of the land area for the test. However, if the actual case is the same as the test
results from the APL, the productivity of the aquafarms with FSPS equipment will be better
than farms without the equipment. The production values of green power generation,
aquaculture, and fisheries can be increased simultaneously. In summary, this study adopts
the “0% coverage ratio” as the status quo according to the test arrangement by the APL
and the two-level values of “40% and 70% coverage ratios” for discussion.



www.manaraa.com

Water 2021, 13, 3265 7 of 20

2.2.4. Coastal Landscape

Under FSPS, solar photovoltaic facilities are arranged on the water or shore area
to create an environment that is friendly to the fisheries. The arrangement methods
include fixed (rack-type) arrangements and floating-type arrangements, based on structural
differences. In the fixed type, the support structure of the solar panels is piled into the
stratum below the water to construct foundation piles, whereas in the floating type, floating
platforms are installed on the water to load the solar panels onto. Compared with the
solar photovoltaic facilities that are fixed on land, the floating type has the following
advantages: low installation cost, reduction of water evaporation, and reduction of water
body eutrophication; furthermore, water can help cool down the solar photovoltaic system
to prolong its service life [48–51]. However, different installation modes can cause different
coastal landscapes. Wen et al. [52] argue that although wind power plants reduce carbon
emissions, their visual influence on the landscape often leads to objections from local
community residents. Lee et al. [53] shows that respondents believe that the visual influence
and ecosystem damage from wind power plants are worse than noise pollution. Because
Cigu is a sightseeing spot, it is very necessary to include this factor. Accordingly, this
study believes that the installation mode of FSPS will affect the coastal landscape; hence,
it discusses the aquafarm landscape, the fixed solar power facilities landscape, and the
floating solar power facilities landscape.

2.2.5. Ecocompensation Fund

According to existing studies, ecocompensation can be roughly divided into cash and
environmental compensation [15,54]. Westerberg et al. [55] adopted CEM to assess tourist
preferences for offshore wind power generation, and their findings show that tourists’
willingness to accept cash compensation is reduced with increased distance between the
offshore wind power generators and the seashore. Moreover, if additional environment
policies are in place, the acceptable distance of the respondents for the wind power gen-
erators will be reduced, so the environmental policies can be considered a substitute for
cash compensation [54]. According to the survey findings of the ecocompensation assess-
ment patterns, this study sets level values, including “0”, “NT$250/year”, “NT$500/year”,
“NT$750/year” and “NT$1000/year”, to be chosen by the respondents. Furthermore, with
respect to environmental compensation, to provide directions for future actions in the area
for study, the preferred options for “ecological remediation” and “ecosystem creation” are
discussed.

2.3. Model Selection and Analysis

This study designs questionnaires to survey the respondents’ preferences for ecosys-
tem conservation and FSPS in Cigu, and the choice sets include the scheme choices for
them. Assume the utility function of each respondent, as shown in Formula (1):

Uij = U
(
Xj, Pj, εij

)
(1)

For any respondent i (i = 1, 2, 3, . . . n), utility is obtained from choosing an alternative
scheme j for ecosystem conservation and FSPS (j = A, B, and C). Xj is an attribute vector
describing alternative scheme j, and Pj is the monetary cost (or price) relevant to the
alternative scheme j. The indirect utility function can be divided into two parts, as shown
in Formula (2):

Uij = Vj + εij = V
(
Xj, Pj

)
+ εij (2)

Vj is the observable part of the indirect utility function obtained when respondent
i chooses alternative scheme j, and εij is the random (unobservable) part of the function.
According to random utility theory, it is assumed that when the indirect utility obtained by
respondent i choosing alternative scheme j from choice set t is greater than that obtained
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from any other alternative scheme k, the respondent i will choose alternative scheme j
rather than alternative scheme k, as shown in Formula (3):

Uij > Uik → Vj + εij > Vk + εik, ∀k 6= j; j, k ∈ t (3)

Uik is the indirect utility value when respondent i chooses alternative scheme k,
meaning respondent i prefers the alternative scheme j to the other alternative scheme k,
i.e., the degree of satisfaction from alternative scheme j is higher than that from alternative
scheme k. If the utility from alternative scheme j is greater than that from any other
alternative scheme in choice set t, the result yi = yt is observed. Therefore, the probability
that respondent i chooses scheme j instead of k can be expressed with utility (i.e., the
observable and error parts of the utility function), as shown in Formula (4):

P(yi = jt) = P
(

Uij > Uik

)
, ∀k 6= j; j, k ∈ t= P

(
Vj + εij > Vk + εik

)
, ∀k 6= j; j, k ∈ t= P

(
εik − εij < Vj − Vk

)
, ∀k 6= j; j, k ∈ t (4)

Let us assume the respondent obtains utility from ecosystem conservation and FSPS in Cigu’s
policy according to the scheme attribute (Z) and social economic and psychological characteristics (S).
The choice utility function can be divided into two parts. First, there is the determinacy or observable
part (V) of utility; V is the attribute vector describing ecosystem conservation and the FSPS policy
in Cigu, which influences the respondents’ preferences and is supplemented by socioeconomic
characteristics and the respondents’ social psychological characteristics (S). Second, we have the
unobservable factors (error terms) (ε), because they may also influence the respondents’ preferences.
To estimate parameters and calculate the influence of welfare, the utility function is often assumed to
be linear. The utility of each option can be divided into observable and unobservable factors (error
terms), as shown in Formula (5):

Pi(j) = Pr
{

V
(

Zj, Si

)
+ εij ≥ V(Zk, Si) + εik, s.t.∀k 6= j; j, k ∈ t

}
(5)

To estimate the probability functions and observable parameters in Formula (5), the multinomial
logit (MNL) model has become the most commonly used measurement model for CE. MNL contains
only particular characteristics as explanatory variables, and the model parameters are independent
of the choice of alternative scheme j. Therefore, it is assumed that Xj is the combination of particular
attribute levels in j, and ßx is the preference parameter relevant to Xj, so the indirect utility function
of scheme j chosen by the respondent is shown in Formula (6):

Uij = αj + X′ssj + xP′ssj + εp (6)

Assuming a fixed price coefficient and allowing differences in other coefficients, the utility of
scheme j chosen by the respondent is greater than the probability of any other alternative scheme in
choice set t, as shown in Formula (7):

P(yi = j|t) =
exp(αj + X′ssj + P′j ssp)

∑h∈t exp
(
αh + X′hssx + P′hssp

) (7)

In the formula, α stands for the alternative specific constant (ASC), and this model can measure
the influence of every particular variable on the respondent’s choice.

MNL adopts maximum likelihood estimation to assess the particular chosen data; this study
assumes that the sample is composed of i number of respondents, each one has t choices, and each
choice set is composed of j number of alternative schemes. It is assumed that δijt is an explanatory
variable as shown in Formula (8):{

δijt = 1 : scheme j chosen by respondents i f rom the choice set t
0 : others

(8)

Hence, the likelihood estimation function of the corresponding MNL model is shown in
Formula (9):

L
(
ssx, ssp

)
=

I

∏
i=1

T

∏
t=1

J

∏
j=1

(P(yi = j|t))δijt (9)
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This study assesses every respondent’s WTP for ecocompensation for ecosystem conservation
and FSPS. Therefore, the marginal value of each attribute from the initial (status quo) to the final
level (after the implementation of protective measures) can be deduced. Hence, the marginal WTP
(MWTP), which is relevant to the quality of the improvement attribute “α,” can be calculated in the
formula shown in (10):

WTPα = − ssα

ssp
(10)

WTP is the marginal price the respondents are willing to pay; ßα is the estimation coefficient of
the nonprice choice attribute; and ßp is the estimation coefficient of the price choice attribute.

3. Results
3.1. Data Collection and Descriptive Statistics

The survey was conducted through one-on-one interviews to reduce the respondents’ biased
errors and to assist in answering the questions. Additionally, considering the continuous spread of
COVID-19 and to reduce the contact time between the interviewers and respondents, QR codes of
the online questionnaires were issued onsite with a brief introduction by the interviewer about the
background, motivation, and study purpose. The respondents were allowed to inquire regarding
doubtful questions; then, each respondent could answer the questions at the time and place of their
choice to reduce the respondents’ panic because of COVID-19, ensuring correct answers. Alalwan [56]
has indicated that online surveys allow the respondents to provide their views more effectively and
reduce errors in answering the questionnaires. This study issued 1142 questionnaires, and 974 valid
responses were received, with a valid questionnaire recovery ratio of 85.2%; 400, 405, and 169 valid
questionnaires were from tourists, local residents, and aquaculture farmers, respectively. The findings
are shown in Table 3.

The findings concerning ecological knowledge and preferences for ecosystem conservation
are shown in Table 4, and knowledge about FSPS and ecocompensation is measured with a 7-point
Likert scale. Tourists, local residents, and aquaculture farmers were asked about their degree of
agreement with each question, choosing from 1 “strongly disagree” to 7 “strongly agree”. According
to the findings revealed in Table 4, the tourists, local residents, and aquaculture farmers know about
FSPS and ecocompensation to a limited extent, and the local residents’ and aquaculture farmers’
knowledge of Cigu is greater than that of the tourists. Hence, it is recommended that the relevant
authorities, such as the Tourism Bureau and the Agriculture Committee, enhance the promotion
and explanation of FSPS (e.g., sticking posters, playing videos, explaining by guides) in recreational
scenic spots to improve tourists’ knowledge.

Table 3. Demographic information.

Variable Item
Tourists
(N = 400)

Local Residents
(N = 405)

Aquaculture Farmers
(N = 169)

N % N % N %

Gender
Male 203 50.8% 205 50.6% 141 83.4%

Female 197 49.2% 200 49.4% 28 16.6%

Age (years)

Under 19 45 11.2% 7 1.8% 0 0.0%

20–29 82 20.4% 9 2.3% 0 0.0%

30–39 97 24.3% 83 20.6% 14 8.3%

40–49 71 17.8% 105 25.6% 52 30.8%

50–59 55 13.7% 84 20.8% 58 34.3%

60–69 32 8.1% 71 17.6% 30 17.8%

70 above 18 4.5% 46 11.3% 15 8.9%
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Table 3. Cont.

Variable Item
Tourists
(N = 400)

Local Residents
(N = 405)

Aquaculture Farmers
(N = 169)

N % N % N %

Education level

Junior high school 33 8.2% 67 16.6% 52 30.8%

Senior high/vocational
school 68 17.0% 156 38.4% 45 26.6%

Junior college 105 26.2% 102 25.2% 39 23.1%

Bachelor’s degree 139 34.8% 52 12.8% 26 15.4%

Master’s degree & above 55 13.8% 28 7.0% 7 4.1%

Average personal income
per month

NT$20,000 and below 73 18.2% 59 14.6% 5 3.0%

NT$20,001–40,000 122 30.2% 115 28.2% 17 10.1%

NT$40,001–60,000 99 24.8% 92 22.8% 89 52.7%

NT$60,001–80,000 58 14.6% 92 22.8% 46 27.2%

NT$80,001–100,000 30 7.6% 26 6.4% 8 4.7%

NT$100,000 and above 18 4.6% 21 5.2% 4 2.4%

Participation in
environmental groups

Yes 29 7.2% 13 3.2% 3 1.8%

No 371 92.8% 392 96.8% 166 98.2%

Preference for
ecocompensation

Ecological remediation 299 74.7% 307 75.7% 137 81.1%

Ecosystem creation 101 25.3% 98 24.3% 32 18.9%

Table 4. Respondents’ ecological knowledge and preferences for ecosystem conservation.

Item Options Tourists Local Residents Aquaculture Farmers

N % N % N %

Do you believe that “solar power
generation” harms the environment?

Yes 325 81.2% 345 85.1% 148 87.8%

No 63 15.8% 45 11.2% 15 9.1%

No idea 12 3.0% 15 3.7% 5 3.1%

Have your heard that the government
will develop “Fisheries and Solar

Power Symbiosis (FSPS)” in the Cigu
region of Tainan?

Yes 322 80.6% 353 87.1% 160 94.5%

No 78 19.4% 52 12.9% 9 5.5%

Do you believe that the development of
“FSPS” will influence the production

output of the aquaculture and fisheries?

Yes 327 81.8% 347 85.6% 155 92.0%

No 61 15.2% 45 11.2% 11 6.7%

No idea 12 3.0% 13 3.2% 2 1.3%

Do you believe that the construction of
the FSPS facilities will influence the

surrounding ecosystem?

Yes 327 81.7% 337 83.3% 147 86.7%

No 53 13.2% 58 14.4% 20 11.6%

No idea 20 5.1% 9 2.3% 3 1.7%

Do you agree with the prevention or
mitigation of the hazards to the

ecosystem via “ecocompensation”?

Yes 283 70.8% 297 73.4% 125 74.2%

No 60 14.9% 45 11.2% 20 12.0%

No idea 57 14.3% 62 15.4% 23 13.8%

Average
value

Standard
deviation

Average
value

Standard
deviation

Average
value

Standard
deviation

How well do you know about “FSPS”? 5.13 0.47 5.32 0.68 5.47 0.58

How well do you know about
“ecocompensation”? 5.17 0.62 5.22 0.91 5.32 0.66
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Further, the environmental group participants constitute less than 10% of all three types of
respondents. Most respondents have heard that the government will implement FSPS in Cigu. Ap-
proximately 80% of the respondents believe that solar power generation featuring green energy will
harm the environment and that the equipment used by FSPS will affect the surrounding ecosystem.
However, although the respondents believe that FSPS may damage the environment, approximately
70% of them agree with preventing or mitigating the hazards to the ecosystem via ecocompensation.
Hence, although developing the FSPS must harm the environment, most people think ecocom-
pensation can balance it. This is consistent with the study findings of Muradian et al. [20] and
Kumar et al. [21] that ecocompensation or rewards can be used to balance ecosystem protection and
exploitation.

This study analyzes the attribute combinations of seven preferences of the respondents for FSPS
(including the status quo), and the findings are shown in Table 5. The most preferred combination for
FSPS by the respondents is “improving biodiversity, maintaining the status quo of the land use pattern,
40% FSPS coverage ratio, floating solar power facilities landscape, and the ecocompensation fund of
NT$500/year”. The less preferred combination is “maintaining biodiversity, increasing afforestation
area, FSPS 40% coverage ratio, floating solar power facilities landscape, and the ecocompensation
fund of NT$250/year”. The least preferred is “improving biodiversity, maintaining the status quo
of the land usage pattern, 40% FSPS coverage ratio, fixed solar power facilities landscape, and the
ecocompensation fund of NT$1000/year”. This study deduces that fixed solar power facilities are
built on land, so they significantly affect the landscape; additionally, the installation of the machine
modules may influence the planning of the tourist routes and dwelling quality of the residents and
aquaculture farmers. Hence, the tourists, local residents, and aquaculture farmers do not prefer them.
The same parts are “improving biodiversity”, “maintaining the status quo of the land use pattern”
and “40% FSPS coverage ratio”, which means that most respondents prefer these attributes.

Table 5. Combination of respondents’ preferences.

No. Biodiversity Land Use
Patterns

Fishery and Solar
Power Symbiosis
Coverage Ratio

Coastal
Landscape

Ecocompensation
Fund

Tourists Local
Residents

Aquaculture
Farmers

N % N % N %

1
Improving
biodiver-

sity

Maintaining
the status quo 40% coverage ratio

Floating solar
power facilities

landscape
NT$500/year 190 23.70% 171 21.10% 79 23.30%

3

Maintaining
the

number of
species

Maintaining
the status quo 70% coverage ratio

Fixed solar
power facilities

landscape
NT$250/year 114 14.30% 126 15.50% 43 12.80%

6

Maintaining
the

number of
species

Maintaining
the status quo 70% coverage ratio

Fixed solar
power facilities

landscape
NT$50/year 97 12.10% 87 10.80% 38 11.10%

12

Maintaining
the

number of
species

Increasing the
afforestation

area

Coverage ratio of
40%

Floating solar
power facilities

landscape
NT$250/year 157 19.60% 141 17.40% 60 17.80%

17
Improving
biodiver-

sity

Maintaining
the status quo 40% coverage ratio

Fixed solar
power facilities

landscape
NT$1,000/year 58 7.20% 47 5.80% 18 5.20%

23

Maintaining
the

number of
species

Maintaining
the status quo 0% coverage ratio Aqua farm

landscape NT$0/year 89 11.10% 115 14.20% 48 14.10%

25
Improving
biodiver-

sity

Increasing the
solar panel

area
40% coverage ratio

Fixed solar
power facilities

landscape
NT$250/year 96 12.00% 123 15.20% 53 15.70%

3.2. Model Results
3.2.1. Explanation of Variables in the Empirical Model

In this study, Y stands for the alternative scheme variable provided in each choice set; when
a respondent chooses a preferred scheme, the value of the scheme variable chosen is set to 1
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(Y = 1). Otherwise, it is set to 0 (Y = 0). This study has 974 valid questionnaires, producing
6 × 974 = 5844 sets of data for empirical analysis, and the empirical data analysis and estimation
adopt the Nlogit 5 and SPSS 22 statistics software as research tools. During data consolidation, to
meet the restrictions of the Nlogit software, this study recoded the definition of attributes in the
questionnaires. Table 6 provides an explanation of the variable codes of the attribute levels for FSPS
and their expected symbol collection.

Table 6. Explanation of variables in the empirical model.

Variable Name Variable
Designation Variable Code Expected

Symbol

Attribute level
value

Biodiversity

BD1

“−1” stands for maintaining the number of species
“1” stands for improving biodiversity
“0” stands for reducing biodiversity

+

BD2

“−1” stands for maintaining the number of species
“1” stands for reducing biodiversity

“0” stands for improving biodiversity
−

Land use
pattern

LU1

“−1” stands for maintaining the status quo
“1” stands for increasing afforestation area

“0” stands for increasing the solar panel area
+

LU2

“−1” stands for maintaining the status quo
“1” stands for increasing the solar panel area
“0” stands for increasing afforestation area

−

Fishery and
solar power
symbiosis

coverage ratio

SH1

“−1” stands for the 0% coverage ratio
“1” stands for the 40% coverage ratio
“0” stands for the 70% coverage ratio

−

SH2

“−1” stands for the 0% coverage ratio
“1” stands for the 70% coverage ratio
“0” stands for the 40% coverage ratio

−

Coastal
landscape

PN1

“−1” stands for the aqua farm landscape
“1” stands for the fixed solar power facilities landscape

“0” stands for the floating solar power facilities landscape
−

PN2

“−1” stands for the aqua farm landscape
“1” stands for the floating solar power facilities landscape
“0” stands for the fixed solar power facilities landscape

+

Ecocompensation
fund CS

“0” stands for NT$0/year
“250” stands for NT$250/year
“500” stands for NT$500/year
“750” stands for NT$750/year

“1000” stands for NT$1000/year

−

3.2.2. Multinomial Logit Results
According to the likelihood estimation function of the MNL model, Formula (9), this study es-

tablishes an ecosystem conservation preference utility model to examine the respondents’ preferences
for the FSPS policy.

Based on the survey results, pseudotransformation is conducted to the attribute level values
and respondents’ socioeconomic background variables; two MNL models are used to analyze the
statistical data. Model 1 considers the choice attributes and their levels, and Model 2 covers the
respondents’ personal information, as shown in Table 7. The P values of the five attributes in Models
1 and 2 are less than 0.01, including the biodiversity, land use patterns, FSPS coverage ratio, coastal
landscape, and ecocompensation fund. This shows that the questionnaire design has statistical
significance; the likelihood function value (log likelihood), PseudoR2, and AIC/N in Table 7 show
that the collocation degree of Model 2 is better than Model 1 for each of the respondents. Therefore,
for this study, adding the respondents’ demographic variables in the model is better for explaining the
findings; accordingly, Model 2 was adopted for data analysis to meet the actual situation. However,
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after analyzing the preference degrees of the respondents in terms of the FSPS attributes, the expected
results and symbols of the coefficient values of all attribute variables were found to correspond.
The coefficient values of improving biodiversity (BD1), increasing the afforestation area (LU1), and
enhancing the floating solar power facilities landscape (PN2) are positive, meaning that each unit of
increase in these attribute levels will increase the benefits for tourists, local residents, and aquaculture
farmers. Conversely, for reducing biodiversity (BD2), increasing the area of solar facilities (LU2), and
settling for a 40% solar panel coverage ratio (SH1), 70% solar panel coverage ratio (SH2), and fixed
solar power facilities landscape (PN1), the coefficient values are negative. This shows that each unit
of increase in these attribute levels will reduce the benefits.

3.2.3. Willingness to Pay Measures
This study assumes that when other attribute levels are not changed, the MWTP of a certain

attribute relative to the level can be estimated, and the WTP for each attribute is the individual
MWTP that can reflect the protection fee a respondent is willing to pay for the improvement of certain
attribute levels, i.e., the implicit price of the attribute. The marginal price levels of the attributes are
calculated according to Formula (10), as shown in Table 8. Improving biodiversity has the highest
MWTP from the respondents, meaning that each group believes that the ecocompensation cost shall,
for the most part, be allocated to the improvement of biodiversity. Recent studies have acknowledged
the importance of the integration between the dimensions of biodiversity conservation and protection
of ecosystem services [57]. Ecosystem services and functions depend on, and are highly sensitive to,
the quality of biodiversity [58].

Improvement of the fixed solar power facilities has the second highest MWTP; however, its
coefficient is negative, showing that the fixed solar power facilities have great negative influences on
the tourists, local residents, and aquaculture farmers. Avoidance of solar panel coverage ratio had
the lowest MWTP, showing that this attribute level is least important for them. However, based on
the study surveys, the respondents’ knowledge about FSPS is between “slightly known” to “known”
Moreover, the differences in coverage ratios of FSPS can only be felt upon completion, so this study
deduces that the respondents cannot assess the differences between high and low coverage ratios
because of the reasons above, causing low MWTP.
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Table 7. Multinomial logit empirical estimation results.

Model 1—Tourists Model 2—Tourists Model 1—Local Residents Model 2—Local Residents Model 1—Aquaculture Farmers Model 2—Aquaculture Farmers

Variable
Designa-

tion
Coefficient Standard

Error p Value Coefficient Standard
Error p Value Coefficient Standard

Error p Value Coefficient Standard
Error p Value Coefficient Standard

Error p Value Coefficient Standard
Error p Value

BD1
0.2666

*** 0.1883 0.0000 0.3102
*** 0.1624 0.0000 0.2832

*** 0.1773 0.0000 0.3302 *** 0.1524 0.0000 0.3012
*** 0.2081 0.0000 0.3413

*** 0.1734 0.0000

BD2
−0.2337

*** 0.1592 0.0000 −0.2584
*** 0.1133 0.0000 −0.2526

*** 0.1698 0.0000 −0.2484 *** 0.1122 0.0000 −0.2782
*** 0.1778 0.0000 −0.2722

*** 0.1211 0.0000

LU1 0.2314 ** 0.2149 0.0029 0.2013
*** 0.1149 0.0007 0.2422 ** 0.2203 0.0021 0.2113 *** 0.1433 0.0000 0.2023 ** 0.2236 0.0018 0.2501

*** 0.1333 0.0000

LU2
−0.2114

*** 0.1213 0.0007 −0.1714
*** 0.1247 0.0008 −0.2014

*** 0.1513 0.0000 −0.1664 *** 0.1244 0.0002 −0.2144
*** 0.1444 0.0002 −0.1833

*** 0.1189 0.0002

SH1
−0.1921

*** 0.1712 0.0000 −0.1954
*** -0.1338 0.0000 −0.1893

*** 0.1773 0.0000 −0.1854 *** 0.1711 0.0000 −0.2022
*** 0.1812 0.0000 −0.1933

*** 0.1347 0.0000

SH2
−0.1830

*** 0.1821 0.0000 −0.1666
*** 0.1702 0.0000 −0.1663

*** 0.1779 0.0000 −0.1616 *** 0.1659 0.0000 −0.1778
*** 0.1889 0.0000 −0.1473

*** 0.1221 0.0000

PN1
−0.2602

*** 0.1333 0.0000 −0.2884
*** 0.1221 0.0001 −0.2732

*** 0.1428 0.0000 −0.2784 *** 0.1331 0.0002 −0.2893
*** 0.1983 0.0000 −0.2733

*** 0.1219 0.0000

PN2
0.2111

*** 0.1346 0.0007 0.2776
*** 0.1537 0.0004 0.2202

*** 0.1336 0.0000 0.2674 *** 0.1222 0.0003 0.2022
*** 0.1788 0.0000 0.2630

*** 0.1417 0.0004

SEXA 0.2106 ** 0.2106 0.0018 0.2003 ** 0.1788 0.0011 0.2111 0.1883 0.1899

AGE 0.2213 0.1131 0.1566 0.2143 0.1434 0.1718 0.2033 0.1321 0.1442

EDU 0.3511
*** 0.1732 0.0001 0.3001 ** 0.1665 0.0021 0.2701 0.1771 0.1713

IC 0.1049 0.1444 0.1778 0.1347 0.1114 0.2333 0.1047 0.2098 0.2103

CS −0.0012
*** 0.0019 0.0004 −0.0015

*** 0.0012 0.0002 −0.0011
*** 0.0016 0.0004 −0.0014 *** 0.0022 0.0002 −0.0007

*** 0.0019 0.0004 −0.0012
*** 0.0011 0.0000

log likeli-
hood −547.2678 −389.3281 −533.2338 −367.3311 −443.322 −288.2331

PseudR2 0.1033 0.2367 0.1333 0.1334 0.1894 0.2334

AIC/N 1.7332 1.5798 1.8322 1.4673 1.6792 1.4749

** p < 0.01; *** p < 0.001.
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Table 8. MWTP for attributes of the ecosystem conservation preference effect model.

Attribute and Variable Tourist Local Resident Aquaculture Farmer

Coefficient MWTP
(NT$) Coefficient Coefficient MWTP

(NT$) Coefficient

Biodiversity (BD1) 0.3102 *** 206.8 0.3302 *** 235.9 0.3413 *** 284.4

Biodiversity (BD2) −0.2584 *** 172.3 −0.2484 *** 177.4 −0.2722 *** 226.8

Land use pattern (LU1) 0.2013 *** 134.2 0.2113 *** 150.9 0.2501 *** 208.4

Land use pattern (LU2) −0.1714 *** 114.3 −0.1664 *** 118.9 −0.1833 *** 152.8

FSPS coverage ratio (SH1) −0.1954 *** 130.3 −0.1854 *** 132.4 −0.1933 *** 161.1

FSPS coverage ratio (SH2) −0.1666 *** 111.1 −0.1616 *** 115.4 −0.1473 *** 122.8

Coastal landscape (PN1) −0.2884 *** 192.3 −0.2784 *** 198.9 −0.2733 *** 227.8

Coastal landscape (PN2) 0.2776 *** 185.1 0.2674 *** 191.0 0.2630 *** 219.2

Ecocompensation fund (CS) −0.0015 *** −0.0014 *** −0.0012 ***

*** p < 0.001.

4. Discussion

This study surveys the tourists, local residents, and aquaculture farmers of Cigu to conduct
an integrated multi-attribute preference analysis on past wetland ecosystem conservation and eco-
compensation. Further, by referring to relevant studies on the ecological service system and current
policy planning data, five sets of attributes and levels of FSPS are set using CEM, and the findings are
obtained from the studies above by estimating the MWTP of the respondents with the MNL model.

4.1. Combination of Choices Preferred by Respondents

The study findings are the same as those of Wen et al. [52] and Lee et al. [53] regarding the visual
impact on the landscape leading to objections against implementation from the local residents. As for
the ecocompensation fund (NT$1000/year), Ntanos et al. [59] indicated that Greek households are
willing to pay €8.8 (approximately NT$303) extra every month to develop renewable energy. Bigerna
and Polinori [60] revealed that Italian households are willing to pay €4.62–8.05 (approximately
NT$159–277) every season to develop green energy. Xie and Zhao [61] showed that the mainland
Chinese are willing to pay US$4.73 (approximately NT$142) every month to support the development
of green energy. Koto and Yiridoe [62] showed that Canadian residents are willing to pay CAD$8
(approximately NT$177) every month to develop wind power generation. The WTP for FSPS of the
respondents in Cigu, Taiwan is lower than that in other countries. Moreover, Suziana [43] showed
that the concern regarding the environmental issues of a Malaysian wetland influences respondents’
WTP; hence, this study believes that the respondents’ concern regarding environmental issues will
influence their WTP for the development of FSPS.

The findings show that, with FSPS and the ecocompensation fund in parallel, the ecosystem of
the environment must be considered during the construction of the solar power generation facilities.
Moreover, the respondents hope that the FSPS can be conducted with smaller changes to the status
quo. The improvement in biodiversity is the attribute level with the highest MWTP, similar to the
findings of Shoyama et al. [63] on environmental compensation in Hokkaido, Japan, which showed
that people are willing to pay additional fees to protect biodiversity and endangered species. A study
by Lee et al. [64] showed that people are willing to pay KRW197 and 138 (US$0.18 and US$0.13),
respectively, to obtain a 1% visual impact improvement and ecosystem damage compensation.
Kunwar et al. [65] revealed that Nepalese households are willing to pay US$1.63/year to recover the
river ecosystem service, which is similar to the findings of this study.

The differences between the most and least preferred ones include “fixed solar power facilities
landscape” and “the ecocompensation fund of NT$1000/year.” Therefore, this study deduces that the
respondents believe that a fixed solar power facilities landscape has relatively huge impacts on scenic
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spots for tourists, the quality of life of local residents, and aquaculture status of the farmers. This is
similar to the findings by Lee et al. [53] that some in the public believe that beautiful natural scenes
are more important than sustainable natural ecosystems. Peri et al. [66] adopted CEM to survey the
preferences of Israelis regarding wind power generation and showed that visual impacts, land use
patterns, shadow generation, noise degree, and bird-harm frequency have significant influences,
which is similar to our findings.

4.2. Discussion on Differences of Respondents

Comparing our results with other studies shows that our WTP estimates are within a similar
range, although they are at the lower end of the largely scattered values for recreational and habitat
services [67–69]. In a recently compiled database with more than 20 studies on biodiversity conserva-
tion, most WTP estimates range between US$100 and 800 per year in Switzerland [70]. While many of
these studies applied similar SP techniques, such as CVM or CEM, results vary from 11.99 euro/year
(14.14 USD/year) in Italy [71] to over 718.95 euro/year (848.14 USD/year) in the Greek Aegean
Islands [72]. This spread demonstrates that the results of WTP studies are highly context- and
method-dependent, which exacerbates comparison with, and transfer to, other study sites.

Cigu has ecosystem service functions, such as ecosystem conservation, aquaculture, fisheries,
and green power generation development. This study provides recommendations for policies by
discussing the differences of the respondents. The findings show that knowledge of the aquaculture
farmers about “FSPS” and “ecocompensation” is better than that of local residents and tourists, and
Table 8 shows that WTP of the aquaculture farmers for the ecocompensation fund is higher than WTP
of the local residents and the tourists. Therefore, this study deduces that aquaculture farmers are
most directly influenced by solar panels, so they pay more attention to the issue and are willing to
pay more to protect the environment. Farmers with better knowledge are expected to have a positive
perception and attitude toward better environmental management and cleaner production, which, in
turn, is expected to lead to higher WTP [73]. Our results also confirmed this positive relationship.
Futhermore, the findings are consistent with that of Bartczak [74] wherein WTP of the Polish people
for forest ecosystem conservation increases with an increase in environmental concern.

Conversely, this study finds that gender and education level of the tourists and local residents
influence their choice preferences and, therefore, deduces that women give more importance to
environment conservation (similar to [75,76]) and those with higher education have better awareness
of sustainable development (similar to [77,78]). However, this phenomenon does not exist among
aquaculture farmers. This study believes that aquaculture farmers are mainly men with high
school education (vocational school), so there is no statistical significance; similarly, [79] found
men to be less interested in environmental protection. Education also appears to be crucial in
affecting environmental WTP. Highly educated people show higher levels of concern about the
environment [77,78]. Therefore, relevant preferential activities can be provided, such as teacher
certificate discounts, postgraduate discounts, student discounts and women-related products, etc.

5. Conclusions
5.1. Findings

Ecosystem service valuation is concerned with determining the combinations of ecological and
economic indicators. Economic benefits are often underestimated because the potential contribution
of wetland ecosystem services to regional sustainable development is unclear. Through public feed-
back quantification using various methods, combined with land use pattern changes, the monetary
value of wetland ecosystem services can be calculated. The effects of these ecological policies can
be transformed into economic benefits or losses, which will provide an important reference for the
tradeoff for future policy implications. This study provides the following conclusions based on the
respondents’ ecocompensation preferences: (1) tourists’ knowledge about FSPS and environment
compensation is limited, so their MWTP is lower than that of local residents and aquaculture farmers;
(2) tourists, local residents, and aquaculture farmers believe that it is important to improve biodiver-
sity; (3) tourists, local residents, and aquaculture farmers prefer the implementation of FSPS with
minimal change in the status quo.
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5.2. Recommendations

Based on the aforementioned conclusions, the present study provides the following recommen-
dations:

1. The government should plan special FSPS areas in recreational scenic spots to educate tourists
about the operational manner and purpose of FSPS through models, educational programs and
promotional videos and collect tourists’ comments for improving future administration;

2. FSPS’s influences on the original ecosystem services are inevitable, but the harm can be reme-
died and recovered with ecocompensation, which is acceptable to most respondents. Therefore,
this study recommends that in reviewing FSPS cases, the government should evaluate the
maintenance plan for environmental conservation after implementation and assessment of
some aspects of the ecocompensation fund, including effectiveness, reasonableness, and sus-
tainability;

3. Tourists, local residents, and aquaculture farmers prefer maintaining the status quo of the
land use pattern, and this is reflected in that most respondents prefer “ecological remediation”
to “ecosystem creation”. Therefore, the land use pattern of FSPS should follow the princi-
ple of maintaining the status quo and achieve biodiversity improvement through ecological
remediation.

5.3. Directions for Future Studies

Because the FSPS policy of Cigu involves a highly sensitive and complex environment, the
attributes and levels adopted in the study cannot cover all the contents of policy planning. Moreover,
the FSPS policy of Cigu is restricted by the techniques used for installation, so it is impossible to
conduct practice directly according to opinions from a single standpoint. Therefore, this study plans
to invite personnel in FSPS-relevant units, as well as conservation group members, to discuss the
aspects needing improvement and add the issue of solar panel recovery to achieve the ultimate goal
of sustainability. Additionally, we can use technologies and tools such as virtual reality, augmented
reality and mixed reality to let people know how irreplaceable nature is.

Conversely, the MNL model used in this study can be changed into a latent class model in future
studies to inspect whether the respondents have heterogeneous preferences for the attribute levels
designed in the study to conduct a more comprehensive analysis and discussion of the ecosystem
conservation issue.
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