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Abstract: Without appropriate conservation action, coral reefs globally continue to degrade,
causing declines in economic value. Therefore, their local conservation and quantifying its benefits
become increasingly important. However, accurately measuring these values remains expensive
or complicated. Leveraging digital survey tools, an interdisciplinary on-line survey was created to
estimate willingness to pay (WTP) for coral reef conservation using pictures and ecological data.
Using the contingent valuation method we estimate current values as well as changes in value due
to restoration or degradation for coral ecosystems in the Kenting National Park (KNP) in Taiwan.
Results suggest that conserving degraded coral reef ecosystems leads to larger gains in value than
healthier ones. Average WTP estimates a non-market economic value of 680 million US$ per year
for the whole KNP marine area. Despite potential self-reporting bias and limits on sample size,
these values appear consistent with similar studies and suggest future economic sampling strategies
for KNP.
Keywords: contingent valuation method; internet survey; coral reefs valuation; non-market value

1. Introduction
The oceans provide trillions of dollars in economic and biodiversity values. It has been estimated
that corals, mangroves and marine fisheries have a global asset value of US$ 6.9 trillion and that nearly
three billion people rely on fish as a major source of animal protein [1]. However, due to pressures
from pollution, climate change and overfishing, marine assets continuously decline [1,2].
Marine reserves have evolved to not only restrict fishing but also as resource management zones
to reverse this trend [3]. Well managed marine resources provide sustained economic benefits over
time primarily in the form of tourism, cultural, food and climate change mitigation value [4–6]. Proper
marine protected areas management requires sustainable funding and adequate local capacity to
increase biodiversity [7,8]. Unfortunately, global marine conservation remains inadequate, especially
in the Asia-Pacific region [9,10].
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1.1. Background on the Kenting National Park
Located in East Asia, Taiwan has tremendous marine and terrestrial biodiversity, especially in term of
coral reef associated organisms [11,12]. Its reef associated biodiversity had put Taiwan among the worldwide
ten most important marine hotspots of biodiversity [13]. The Kenting National Park (KNP) established
in 1984 in the southern Hengchun Peninsula of Taiwan covers a terrestrial area of 181 km2 and a marine
area of 150 km2 (Figure 1) and contains high levels of biodiversity, especially corals [14,15]. The KNP’s
impressive natural features and beaches draw millions of tourists per year (Figure 2). With a peak above
eight million visitors in 2014, tourism has declined to just under four million in 2018.

Figure 1. The Kenting National Park.

Figure 2. Visitors in the Kenting National Park. (https://www.ktnp.gov.tw/News.aspx?n=228F1362E45E0B89&
sms=830F4DD99E91DBB7 (accessed on June 10 2019)).
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Despite the recent decline in visitors, excessive nutrient pollution from tourism [16–18], persistent
overfishing [19] and coastal development continue to degrade coral reefs [20–22]. Locally induced
anthropogenic disturbances combined with typhoons and past bleaching events in Kenting are
responsible for the loss of more than 50% of the coral coverage and an increase by almost three folds
of macro-algae over the last three decades [22]. Rapid phase-shift from Acropora dominated state to
sea-anemone Condylactis has been observed in Nanwan Bay [23]. A combination of bleaching events
and typhoons followed by subsequent landslides and sewage overflows was suspected to be the cause
of the rapid shift in the community as well as the local loss of biodiversity. Instead of the sudden
regime shifts from destructive fishing practices commonly found in Asia-Pacific coral regions, the KNP
reefs risk slowly yet irreversibly shifting to a lower biodiversity state with decreasing ecosystem
services [24,25], which could also damage local livelihoods [26]. These corals may regenerate to
a pre-disturbed state but are unlikely to unless conservation measures are enacted [15,23].
1.2. Coral Reef Valuation
Coral reef valuation started in the late 1980s focusing on coral reef degradation. By 2000, over 100
coral reef studies existed, and Brander et al. created the first meta evaluation based on recreational
value [5]. Their analysis reveals that the worldwide average value of coral reef recreation is 184 US$
per person per visit. The median value, however, is 17 US$ per person per visit, showing that the
distribution of values is skewed with a long tail of high values.
An evaluation of global ecosystem services found that coral reefs on average provided 352,249
INT$/ha/year, with most of this value coming from outside the market [27,28]. Another recent global
study has found an average coral reef tourism value of 482,428 US$/km2 /year [6].
Several studies have estimated consumer surplus of national parks in Taiwan, although few
have asked directly about coral [29,30]. Other studies have looked at the transportation cost of
accessing Nanwan Beach, one of the most important coastal recreation areas in Kenting, but did not ask
respondents specifically about coral reefs [31]. Others have asked about the impacts of oil spills [32].
Lastly, one study asked about the overall impact of climate change on coral for all of Taiwan [33].
All these previous studies look at different aspects of valuing coastal natural ecosystems in Taiwan.
To improve conservation outcomes, how could one understand the benefits of conservation specifically
for coral reefs in Taiwan updated with on-line sampling techniques? Would the public both adjacent
to the park and far away support such measures? Due to high levels of tourism and challenges with
park enforcement, the KNP is an ideal study site both in terms of potential information and need for
updated economic valuation.
Natural resource economics has emerged to help policy makers and the wider community
understand the economic benefits of conservation and how to fund such initiatives. Often, researchers
use benefit transfers to quickly estimate values. A benefit transfer, where values from one natural
resource valuation study are transferred from one site to another, allows for rapid estimates of
ecosystem services [34]. While generally accepted to provide order of magnitude estimates, some
have pointed out criticisms of benefit transfer regarding accuracy. Study quality and methodology
can explain around 75% of variance between studies [35]. With such a variance in quality, cost and
training become limiting factors for accuracy. Others have identified techniques to lower inaccuracy
including adapting currency, matching transfers based on cultural similarity, habitat similarity and reef
health [36]. Despite large amounts of tourism, valuation based on benefit transfers will not likely yield
valuable results as Kenting has a relatively small (15,200 ha) fringing reef with very high tourism [37].
Spatially-based benefit-transfer estimations would therefore not yield accurate values.
Numerous studies have noted that visual criteria strongly influence willingness to pay (WTP)
in corals [38], particularly water clarity [39] and fish abundance [40,41]. KNP has a diverse array of
coral ecosystems across the peninsula spanning a wide mixture of soft and hard corals. Water clarity
also changes due to a mix of anthropogenic and natural factors. Fish abundance and diversity depends
on coral diversity and by association coral coverage [42].
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Therefore, a rapid digital assessment of coral ecosystem value would help address key cost and
accuracy concerns while also providing useful data for other sectors. This study aims to estimate
visitors and residents WTP for coral reef conservation in the KNP. On this basis, a WTP function of
coral coverage is fitted as a tool to estimate the economic value of different sites in southern Taiwan.
The estimation results of this study provide a useful reference point for further usage of benefit transfer
for evaluation of coral reef with diverse coverages.
2. Materials and Methods
2.1. Contingent Valuation Method
As a stated preference technique, contingent valuation (CV) has the potential to capture non-use
and indirect values [43], which are crucial value components of coral reefs. CV surveys ask respondents
to imagine a realistic scenario where they would spend money on a conservation activity in order to
estimate the perceived value for that ecosystem or service [44].
The inspiration for asking questions digitally came from a study in Israel where the researchers
used computer enhanced images to selectively remove coral, fish and other attributes in order to find
values of each attribute [45]. Besides demographic information, we also wanted to collect visitation
data, which can be useful for the tourism and public sector to better manage capacity. Other studies use
hypothetical scenarios to estimate the value of restoring entire ecosystems and then apply those findings
to larger regions [46]. Previous literature suggests that digital surveys do not have significantly different
outcomes from in person surveys [47–49]. Moreover, an on-line questionnaire allows researchers
to collect more responses than a typical survey, especially from users who do not frequently visit
natural sites.
2.2. Survey Design
An initial pre-test was given to a group of 15 students at the College of Marine Sciences, National
Sun Yat-sen University. Based on their responses, the survey was modified to improve clarity.
The elicitation method in this phase was an open-ended format, and the results constituted the basis
on which the payment card bidding levels were adjusted.
The survey was available on-line from May 2016 to mid-June 2016. The text was written
in Mandarin Chinese on Google Forms and shared through email lists and Facebook posts with
an emphasis on coral or dive groups and academic groups. Given funding limitations, we used
a snowball approach to share the survey among various groups.
The survey begins with a short explanation on Kenting’s biodiversity, threats to coral, as well
as who the researchers were and what they plan to use the data for. The survey then collected
demographic data including questions asking for gender, age, educational level, occupation, income,
participation in environmental non-governmental organization (NGO) activities and place of residence.
Respondents were then asked if they have been to the KNP before, how many times do they have
visited in the past five years, how long did they stay and to indicate if they SCUBA dive or snorkel
in the park.
After these questions about usage, they were asked valuation questions based on photographs of
coral at different locations in the park. The question for willingness to pay was framed as a yearly
payment into a “coral reef conservation fund” established by the government to maintain coral health
at its current level. The site values were cumulative, as we asked the users at the start of the survey to
pay for four sites. Below is the description text before the pictures:
“The KNP can be divided into four different regions based on ecosystem type (diversity and
type of species) and health (quality and abundance). In Taiwan, the healthiest regions typically have
coral covering 75% of the zone. However, with increasing tourism and pollution, coral coverage
and diversity has decreased. To reverse this decline, the government will potentially set up a “Coral
Protection Trust” (managed by an independent board) to enforce existing laws and prevent further
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degradation. In the next section, we will show you four pictures representing different regions and
levels of coral coverage: Wanlitong (28% coral coverage), Houwan (32% coral coverage), Banana Bay
(40% coral coverage) and Houbihu (50% coral coverage). We wish to know the amount you would
be willing to pay for the conservation fund for each site to maintain its current state and prevent
further degradation.”
Participants were shown four separate pictures of different coral reefs around the KNP with
varying levels of ecosystem quality (Figure 3). Each picture contained a short description and had
a range of payments to select from (less than 3.2 US$/person/year to more than 64 US$/person/year,
with increments of 3.2 US$/person/year).
2.3. Pictures Selection
Images were selected to best represent the ecosystem quality of the four zones. The main factors
we looked at when assessing coral reef ecosystem health included: coral coverage, algae abundance
and fish abundance. Using ecological field studies as a reference, the survey presented a sample of
coral sites that formed a steady progression of coral coverage (Table 1). In the pre-test, respondents
tended to value corals along a progression in quality regardless of actual coral quality; embracing this,
the survey was modified to include descriptions of coral quality at each stage to mitigate this bias.
Coral pictures were then ranked from least coverage to highest (Figure 3).
Table 1. Biological features of selected pictures.
Picture (Site)

Algae

Fish

Coral Coverage (%)

Coverage Level

1 (Wanlitong)
2 (Houwan)
3 (Banana Bay)
4 (Houbihu)

High
Medium
Low
Low

Low
Low
Medium
High

28
32
40
50

4
3
2
1

Figure 3. Pictures shown: (a) Wanlitong, (b) Houwan, (c) Banana Bay and (d) Houbihu.

Each picture included a short description of the area and any important features including location.
Biological information is based on recent field data [15] and was summarized in very simple terms.
“Picture 1 (Figure 3a): Wanlitong (average coral reef coverage of 28%). This area is located between
the marine ecological protection zone (Haishengyi) and the Haidi Park on the western coast of Kenting.
It is characterized by a moderate coral coverage, a low number of fish and high biomass of seaweed.
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Picture 2 (Figure 3b): Houwan (average coral reef coverage of 32%). This area is located on the
western coast of Kenting, close to the homes of local residents and a large resort hotel. The environment
is characterized by a moderate coral coverage, low quantities of fish and a moderate amount of seaweed.
Picture 3 (Figure 3c): Banana Bay (average coral reef coverage of 40%). This area is located in the
ecological protection area (Haisheng III) on the east side of Nanwan Bay. There are only a few hotels
in the vicinity, and the environmental characteristics are better than in Wanlitong. Banana Bay has
a higher coral reef coverage, a moderate amount of fish and a small amount of seaweed.
Picture 4 (Figure 3d): Houbihu (average coral reef coverage of 50%). This area is currently a marine
resource protection demonstration zone with rich coral reef ecology. Coral coverage is high, fish are
diverse and abundant, and the amount of seaweed is relatively low. Houbihu is a popular area for
scuba diving and snorkeling.”
Before each picture respondents had to check a box to indicate whether or not they would
be willing to pay for that specific site. If respondents indicated they would not be willing to pay,
they would receive an additional question at the end asking them why they did not want to pay into
the coral conservation fund. Several potential reasons were proposed, such as “It’s the government’s
responsibility to protect coral” and “Corals have no value to me”. Space was included to write
in a personal reason that was not listed.
3. Results
Some degree of bias is unavoidable in WTP surveys especially with smaller sample sizes and
with non-random sample groups. To minimize that interference, an ex-post data screening approach
was used [50]: We used winsorization to limit the 5% extreme values. Self-selection bias for Internet
surveys does not appear to be significantly stronger than that of in person surveys; as with any form of
survey, there is some degree of self-selection [47].
We collected 296 responses of which 231 were considered appropriate for the survey. A total
of 26 protest responses opted to fill out the survey but did not provide any WTP information, with
the most common reason being “It’s the government’s responsibility to protect coral”. Other reasons
include: “Corals have no value to me”, “I don’t trust an organization to conserve coral reefs”, “Local
industries should take the responsibility of protecting corals”, “Before contributing, I need to see for
the effectiveness of conservation”. The remaining 39 excluded responses either did not fill in the survey
completely or improperly filled in answers.
3.1. Demographics
According to Table 2, collected demographic information was similar to average demographics
in Taiwan although slightly biased towards the environment, higher salaries and with more men
represented. One potential source of bias in the WTP values comes from 39% of respondents having
participated in some form of environmental conservation activities, although that group could include
non-profit membership to a hobby group such as diving.
Additionally, the sample had higher levels of educational level than the average in Taiwan. Previous
studies have shown that educational attainment, income and environmental group membership increase
WTP value [33]. The average age of the sample size was 33, which is slightly younger than the median
age in Taiwan. The gender ratio was fairly split with males making up 53% (139) and females 47% (122).
The average wage (1344.79 US$/month) was likely driven up by higher incomes from professionals.
While the most common response of 159.3 US$/month reflected the large amount of student
responses (71). The median salary was 1115.1 US$/month.
Occupations fell primarily into service (48), student (71), industry (53), or public service/education (49).
This means roughly 46% of respondents are in some way connected to academia or public service.
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Table 2. Comparison between sample and population statistics (the gender ratio is defined as the ratio
of men to women in 2016).
Comparison with
Population

Monthly Income
(US$/Month)

Schooling
(Years)

Gender
Ratio

Sample mean
Population mean
Relative difference

1344.79
1320.92 1
+1.8%

16.85
16.6 2
+1.5%

1.14
0.99 3
+15%

Note: 1: https://www.stat.gov.tw/np.asp?ctNode=522&mp=4 (accessed on May 22 2019); 2: https://www.stat.gov.tw/
ct.asp?xItem=33332&CtNode=6020&mp=4 (accessed on May 22 2019); 3: https://www.ris.gov.tw/app/portal/346
(accessed on May 22 2019).

Next, we asked about visitation rates to KNP. We found the vast majority of respondents
(239 i.e. 91.5%) had already been to KNP but only 190 (73%) within the last five years. Among them,
only 98 (37.5%) saw coral during a snorkeling or scuba diving trip. This number is likely higher
than the national average due to a large amount of responses from diving or environmental groups,
although no such diving surveys could be found.
The average visitation rate in the past five years was 5.22 times, with a median of two and a mode
of one visit. We also asked how many times participants went scuba diving with an average response
of 17.95 and a median and mode of zero. This suggests that there are high frequency divers in the
survey. Snorkeling was not as popular with the average reaching 2.36 times over five years, with zero
and zero for median and mode respectively.
3.2. Willingness to Pay for the Four Pictures
The mean WTP (US$/person/year) for pictures 1 through 4 was equal to 16.0 ± 2.16, 18.55 ± 2.2,
20.46 ± 2.33, 25.15 ± 2.64, respectively. These values can be taken cumulatively to find a total WTP for
the conservation of Kenting’s corals of 80.160 ± 8.678 US$/person/year or 0.53 US$/km2 /person/year.
To test the equality of WTP across pictures, the nonparametric Kruskal–Wallis (KW)
equality-of-population rank test [51] was employed (Table 3). According to the results of this
test, almost all pairwise comparisons showed significant differences; only the WTP of pictures 2 and 3
were not distinguishable at the 10% level.
Table 3. KW tests for WTP across pictures (significant at *: 10%, **: 5%, ***: 1%).
KW Test

WTP1

WTP2

WTP3

WTP4

WTP1
WTP2
WTP3
WTP4

3.143 *
6.145 **
24.55 ***

3.143 *
0.498
11.664 ***

6.145 **
0.498
7.759 ***

24.55 ***
11.664 ***
7.759 ***
-

We organized the responses into a series of paired groups, according to the demographic
information collected in the first section of the survey:
-

People that once participated in an NGO activity vs. those who did not;
Men vs. Women;
Local people (Southern Taiwan) vs. tourists (Central and Northern Taiwan);
Higher education (higher than college) vs. lower education (lower than college);
Young people (less than 33 years old) vs older people (more than 33 years old).

We then used the KW test to assess whether the WTP of the paired groups were similarly
distributed or not. The KW test did not find significant differences between the paired groups,
but a small effect size was observable for NGO affiliation, residency and age. Table 4 provides the total
WTP for each group and the effect size as measured by Cohen’s d [52].
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Table 4. Total WTP by groups (US$/person/year).
Groups

Sample Size

Total WTP

Effect Size
(Cohen’s d)

Activity with NGO

yes
no

90
141

85.792 ± 14.896
76.566 ± 10.678

0.138

Gender

M
F

119
112

79.115 ± 12.520
81.271 ± 12.172

−0.032

Locals

yes
no

65
166

74.258 ± 14.976
82.471 ± 10.629

−0.123

Education

High
Low

114
117

80.740 ± 12.238
79.596 ± 12.482

0.017

Age

<33
>33

113
118

74.561 ± 10.808
85.522 ± 13.559

−0.164

Overall

-

231

80.160 ± 8.678

-

3.3. Willingness to Pay as a Function of Coral Coverage
Using coral coverage as a proxy for ecosystem health at the four different sites, the WTP was
expressed as a function of coral coverage (Figure 4). A concave utility function was fitted to the
observed values, thereby providing a relation between WTP and coral coverage that could be used for
the estimation of the WTP at other sites. This relation follows the law of diminishing marginal utility
commonly observed for other economic goods. Visitors are willing to pay more for well protected sites
than for degraded ones, but the rate of increase of their WTP decreases with coral coverage.

Figure 4. Willingness to pay as a function of coral coverage (US$/person/year).WLT: Wanlitong,
HW: Houwan, BB: Banana Bay and HBH: Houbihu.

The restoration of degraded ecosystems could provide larger gains in tourism value than
an equivalent amelioration of healthier ones. Derived from this relation, Figure 5 shows the marginal
cost of reef degradation as a function of coral coverage.
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Figure 5. Marginal cost of degradation as a function of coral coverage (US$/person/year) WLT:
Wanlitong, HW: Houwan, BB: Banana Bay and HBH: Houbihu.

Adopting such a marginal approach to conservation helps shifting the focus from highly covered
reefs to reefs with a lower coverage but with higher potential increases in value. For example, a one point
reduction in coral coverage is perceived as 38% more expensive in Wanlitong (0.47 US$/person/year)
than it is in Houbihu (0.34 US$/person/year).
4. Discussion
This survey aimed to quickly and cheaply collect information on the value of the KNP coral reef
ecosystems using pictures as a reference. Initial concerns included bias, response rate and picture
clarity. Despite not paying for promotion, the survey quickly received a satisfying number of responses,
with only few protest or improperly filled responses. Several findings are of particular relevance for
local conservation.
First, individuals that were at least temporarily involved in an environmental NGO activity were
willing to pay more (85.792 vs. 76.566 US$/person/year on average; Cohen’s d = 13.8%) for coral
conservation than those who were not, confirming previous results in Taiwan [33] and highlighting the
importance of environmental education.
Second, age also influenced the WTP with people younger than 33 years old willing to pay less
than people older than 33 (74.561 vs. 85.522 US$/person/year on average; Cohen’s d = −16.4%). This is
most likely due to differences of purchasing power between the younger respondents (mean income of
703.45 US$/month) and the older respondents (mean income of 1935.15 US$/month).
Third, there was another small size effect between locals (people residing nearby the KNP) and
tourists (people residing elsewhere), with locals willing to pay less than tourists (74.258 vs. 82.471
US$/person/year on average; Cohen’s d = −12.3%), reflecting the fact that for tourists corals are part of
the reasons why they visit the KNP in the first place, so paying for their conservation is less a problem
for them than for those who live nearby.
Finally, extrapolating average WTP to the 8.5 million households of Taiwan (https://census.dgbas.
gov.tw/PHC2010/english/rehome.htm (accessed on June 14 2019)), the estimated contribution for
conserving the KNP reaches 680 million US$/year or 4.5 million US$/km2 /year. This estimation is
an order of magnitude lower than the estimation of de Groot [27], which accounted for all ecosystem
services, and an order of magnitude higher than Spalding [6], which focused on tourism. This suggests
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that our estimation may be somewhat optimistic. Indeed, the first economic valuation study in the KNP
for an oil spill found an average WTP of 44.66 US$/person/year [32]. Another coral valuation study
for all the reefs in Taiwan [33] found an average value of 35.75 US$/person/year. Our study reports
values that are approximately twice higher, probably due to differences in sampling and methodology.
Our questionnaire included pictures of coral reefs with specific biodiversity information. This may
have positively influenced the respondents. The mode of survey was on-line, which may have made
respondents more comfortable to record a higher value. On the other hand, the digital survey design,
if properly marketed, can reach segments of society that do not frequently visit natural sites. Finally,
numbers are likely higher due to the academic relationship of the majority of those surveyed and the
participation in environmental group [53,54].
Larger sample sizes and additional surveys are required to determine more accurate values.
Scope sensitivity has been studied extensively and continues to be debated within natural resource
economics [55,56]. Moving economic values across cultures remains imprecise due to the spatial
distribution of benefits and changes in price sensitivity. For the majority of studies, coral provides
most value from fishing, wave blockage and tourism [27], but many corals in KNP do not provide
significant shelter from waves or might have diminished or protected fisheries, while tourism may be
much larger than in other reefs.
A larger goal of this research was to value biodiversity and resilience through revealed preference.
By comparing the economic value of pictures with the real biological data, one could value a bundle
of attributes as an ecosystem rather than the usual abstract category of “coral”. This in turn would
allow for better scenario analysis as we could model the changes in value due to ecosystem decline
or restoration.
Expanding on this, another goal of this research was to value the marginal changes in ecosystem
health. Does it make sense from an economic perspective to conserve a pristine area? Or would the
benefits be greater if focusing on more degraded ecosystems? Our results show that respondents
adjusted their WTP according to the given pictures and the short descriptions of environmental
conditions that were provided. Their WTP for each picture differed significantly from one another,
with the exception of pictures 2 and 3. This increasing WTP as we move towards healthier reefs allowed
for the estimation of the WTP as a function of coral coverage (Figure 4).
Taking advantage of on-line tools can empower natural resource economics helping it reach more
people and analyze a greater number of ecosystems. In the future, expanding the sample size to include
a more representative sample of the Taiwanese population in terms of income, education level and
environmental group membership would likely lead to a more accurate representation of value.
5. Conclusions
The KNP is a highly frequented area of international importance and high biodiversity,
thus quantifying its benefits remains challenging. This study is, to our knowledge, the first in Taiwan to
use Internet survey for coral reef valuation. Our results suggest that a total value of 680 million US$/year
could theoretically be collected for conservation. We showed that areas of mid-range coral coverage could
garner higher tourism value than highly covered sites. This implies that focusing conservation on marginal
areas would lead to a better balance of conservation outcomes and tourism growth. While these results
in no way suggest cutting funding from existing conservation, they instead point towards an opportunity
for a higher value return on protecting the less well-preserved sites.
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