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A B S T R A C T   

Global climate change is leading to rapid deteriorations of the health and productivity of coral reefs. There is 
limited research on the associated human welfare implications, particularly in terms of the non-use values that 
people hold for coral reefs. We examine climate related changes in non-use values of coral health, coral cover, 
water clarity, fish numbers, fish species diversity and presence of turtles. Using a discrete choice experiment 
conducted among 1,369 Hawaiian and US mainland residents, we find that climate change induced declines in 
coral cover and fish numbers result in large welfare losses; whereas, declines in coral health and fish species 
diversity lead to moderate welfare losses. Deterioration in water clarity results in large welfare losses for US 
mainland residents but relatively smaller losses for Hawaiian residents. On aggregate, differences in welfare 
estimates for the US mainland and Hawaii sample are minor. However, we find significant differences in the 
underlying determinants of willingness-to-pay for partial climate change mitigation including income and beliefs 
in the need to mitigate climate change. The paper concludes with some recommendations for policy on the basis 
of these findings.   

1. Introduction 

Coral reefs supply a wide array of ecosystem services (Elliff and 
Kikuchi, 2017; Laurans et al., 2013). Yet, rising sea temperatures that 
result from climate change lead to rapid deteriorations of the health and 
productivity of coral reefs worldwide (Hughes et al., 2017; Camp et al., 
2018). The values attached by individuals to these declines in coral reef 
ecosystems can be broadly defined in terms of use and non-use values 
(Krutilla, 1967). The former stem from direct or indirect use of reef 
services, such as recreation, coastal protection and fishing activities 
(Brander et al., 2007). Non-use values can include bequest values, i.e. 
the value of preserving the services for use by future generations, and 
existence values, i.e. the benefit to individuals from the knowledge that 
coral reefs exist (O’Garra, 2009; Madariaga and McConnell, 1987). Since 
many of these services are provided free of charge outside existing 
economic markets, non-market valuation approaches have been devel-
oped to elicit the associated use and non-use values in order to provide 
estimates of changes in social welfare caused by the degradation of coral 

reefs. 
The economic valuation literature of coral reefs has tended to target 

two groups of beneficiaries. First, studies have valued coral reefs by 
interviewing divers and other recreational groups who are particularly 
interested in the use value of coral reefs (Wielgus et al., 2003; Cesar and 
van Beukering, 2004; Schuhmann et al., 2013; Rodrigues et al., 2015; 
Parsons and Thur, 2008; Xuan et al., 2017; Doshi et al., 2012; Lee et al., 
2019; Peng and Oleson, 2017; Arabamiry, 2018; Cazabon-Mannette 
et al., 2017; Grafeld et al., 2016; Emang et al., 2016; Gill et al., 2015; 
Christie et al., 2015; Tawfik and Turner, 2014; Sorice et al., 2007; Alemu 
et al., 2019). It has been recognized, however, that not only use but also 
non-use values of coral reef ecosystems provide a strong motivation for 
enhanced conservation (Marre et al., 2015). Non-use values often 
constitute a large share of total economic value (Wattage and Mardle, 
2008). 

Second, economic valuation studies have elicited conservation 
values among more general populations, who may hold non-use values. 
This paper utilizes a discrete choice experiment (DCE) to extract the 
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non-use value of partially avoiding climate change impacts to the 
Northwestern Hawaiian Islands (NWHI) coral reefs. The NWHI coral 
reefs are selected as a case study site because of their inaccessibility to 
the general public and the absence of extractive and other use value 
related activities in the area (Selkoe et al., 2009; Friedlander and Brown, 
2019). 

In order to highlight the novelty of our investigation, a systematic 
review of the non-use valuation literature has been conducted and 
summarized in Appendix A. Studies from the Ecosystem Services Valu-
ation Database (ESVD)1 that mention existence and bequest values as 
well as an independent literature search by the authors for non-use 
valuation papers are included. There are a total of 50 studies that 
include non-use values according to the literature review. These studies 
have been scrutinized closely to see whether: a) attempt to separate non- 
use value from use value (e.g. many investigate non-use and use values 
together in order to extract total economic value); b) corals in tropical 
waters are examined; c) disutility due to climate change induced 
degradation of coral reefs is extracted. 

Based on this systematic review of the literature, 33 studies tried to 
isolate non-use values,2 of which 28 valued coral in tropical waters. 
However, only one paper examines the effect of climate change on non- 
use values of tropical coral (Oxford Economics, 2009). This paper pre-
sents the costs of coral reef bleaching on non-use and use values for the 
Great Barrier Reef using a value transfer method. Moreover, this paper 
suffers from limitations due to lack of data availability at the time the 
study was conducted. One of the two source studies for the value transfer 
reports protection values for a river estuary that flows into the Great 
Barrier Reef lagoon, not for the Great Barrier Reef itself (Windle and 
Rolfe, 2005). The paper acknowledges that future research is needed to 
offer more precise estimates. There are concerns that the method of 
value transfer may itself lack validity due to sizeable transfer errors that 
can harm the usability of results (Johnston and Rosenberger, 2010). 
Overall, we are confident that our paper, that does not encounter the 
aforementioned limitations, is the first primary valuation study to 
examine the impact of climate change on coral reef non-use values. 

We believe that the paper contributes to a few discussions that are 
highly relevant today. Sustainable Development Goal (SDG) 14 for 
Ocean and Life Below Water in the United Nation’s sustainable devel-
opment agenda requires protecting and restoring marine ecosystems in 
order to maintain the benefits of biodiversity. The fifteenth meeting of 
the Conference of the Parties to the Convention on Biological Diversity 
(CBD COP 15) that will take place in October 2021 is expected to decide 
on a post-2020 global biodiversity framework. Among other targets, the 
framework includes ensuring that 30% of sea areas globally are marine 
protected areas (MPAs), in particular areas of importance for biodiver-
sity. This study offers key insights into the non-use values that in-
dividuals place on biodiversity in protected areas. Furthermore, our 
focus on changes to these values due to climate change is relevant to 
ongoing discussions regarding state-of-the-art integrated climate change 
assessment models. That is, there is increasing evidence that the role of 
biodiversity non-use values more generally in these models is under-
estimated since they do not incorporate the premium the public is 
willing to pay to avoid biodiversity losses (Nobel et al., 2020). A better 

understanding of the drivers underlying these values can be used in cost- 
benefit analyses of climate action, as biodiversity non-use values are 
expected to be a relevant economic benefit that should not be ignored. 

The DCE has the advantage that it provides insight into respondents’ 

values for climate-specific deterioration of coral reefs related to several 
attributes. In the present study, non-use values were elicited by asking 
US residents from the Hawaiian Islands and the US mainland to choose 
between different future coral reef scenarios including several coral 
attributes and their change due to climate change. Contrary to use 
values, which are often characterized by significant distance-decay (e.g. 
Schaafsma et al., 2013), non-use values may or may not conform to any 
spatial relationship. In view of the fact that the effect of distance on non- 
use values is generally unclear (Bateman et al., 2006; Rolfe and Windle, 
2012b), our spatial sampling procedure is intended to provide more 
clarity regarding the geographical distribution of non-use values for 
coral reefs. 

The paper is structured as follows: Section 2 describes the DCE design 
and implementation, the motivation for the specific experimental at-
tributes, as well as the econometric methods utilized for analyzing the 
DCE data. Section 3 reports the experimental findings based on choice 
modelling analysis. Section 4 discusses these findings and Section 5 
concludes with some recommendations for coral reef conservation 
policy. 

2. Methods: Experimental design and model 

2.1. Experimental design 

In our study, a DCE was embedded in an online survey focusing on 
public perceptions related to climate change and coral reefs. The survey 
was conducted between September and October 2008 among a random 
sample of 1,369 US residents, 472 of whom were living on the Hawaiian 
Islands. To be able to participate, respondents were required to be US 
citizens aged eighteen years or over, and were rewarded with online 
shopping points once they had completed the survey. Online surveys 
have the advantage of obtaining a large and diverse sample at a rela-
tively low cost. Moreover, the method prevents participant communi-
cation and interviewer effects (Horton et al., 2011). Given the focus of 
the DCE on non-use values, the target population was the general public. 

The coral reefs surrounding the NWHI were selected as the case study 
site in order to facilitate the measurement of non-use values in the 
absence of any use values. Due to their isolated location, tourism and 
recreational activities have historically been extremely limited (Office of 
National Marine Sanctuaries, 2009). Furthermore, in 2005 the waters 
surrounding the islands were declared a state marine refuge, where all 
extractive uses are prohibited, including recreational and commercial 
fishing (Rieser, 2012). In 2007, an MPA, the Papahānaumokuākea Ma-
rine National Monument (PMNM), was furthermore established, which 
currently encompasses 1,508,870 square kilometers of the NWHI. 

Based on spatial mapping of the main threats within the PMNM 
conducted around the time of the online survey, it was concluded that 
sport fishing, recreation and indigenous fishing could be considered 
completely or almost completely inactive (Selkoe et al., 2009). Despite 
the absence of such extractive practices, the impacts associated with 
climate change were identified as a major threat, resulting from 
anthropogenic activities outside the PMNM. Hence, the values assigned 
by the respondents to the coral reef characteristics inside the PMNM are 
considered strictly non-use. Moreover, our assertion that changes to 
specific attributes of the DCE are the result of climate change is 
consistent with Selkoe et al. (2009). 

Prior to the DCE, respondents were given information about the 

1 See: https://www.esvd.net/. The ESVD is to the best of our knowledge the 
largest database of studies on economic valuation of ecosystem services. So far 
it has archived 904 coral reef values from 201 studies.  

2 From our point of view, it can be questioned whether a few of these studies 
succeeded in separating non-use from use values. Some sampled individuals 
that reside far from the valuation site in order to derive non-use values (e.g. 
Rolfe and Windle, 2012a; Subade and Francisco, 2014; Fonseca, 2009). Rolfe 
and Windle (2012b) recognize that it is difficult to discriminate between use 
and non-use values simply by sampling local and remote populations as proxies 
for user and non-user values. Therefore, such studies are likely to represent a 
mixture of use and non-use components. 
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potential impacts of climate change on coral reefs, as well as the PMNM 
in order to familiarize them with the non-use nature of the area (Ap-
pendix B). In the DCE, respondents were asked to choose between two 
potential future coral reef scenarios, a future with and a future without 
mitigation efforts, given the current state of the coral reefs within the 
MPA (Fig. 1). Each respondent was randomly assigned six unique choice 
sets. For each choice set, respondents were required to choose between a 
“with” and “without” future mitigation scenario. A third “neither” op-
tion was not included in view of the fact that the “without” mitigation 
alternative was already considered equivalent to opting out of the de-
cision to pay extra for the partial climate change mitigation actions. 

The six choice sets were drawn from a larger set of sixty-four choice 
sets of potential reef scenarios. A full overview of the sixty-four choice 
sets and their accompanying images is available from the authors upon 
request. Levels of attributes varied between images and choice sets ac-
cording to a fractional factorial design. Fractional factorial designs allow 
for limiting the number of choice sets presented to respondents, whilst 
maintaining some degree of orthogonality, which implies close to zero 
correlations among the choice attributes, and therefore the independent 
estimation of their effects on choice behaviour. 

2.2. Attributes 

Literature searches were conducted in order to identify reef attri-
butes that are the most important indicators of climate change, which 
were then verified by consulting various experts in coral reef ecology. 
Focus groups as well as pre-tests were furthermore used to decide which 
of these attributes are the most significant to humans. There are no hard- 
and-fast rules on the maximum number of attributes one should adopt, 
however eight is generally seen as approaching the maximum (Ryan 
et al., 2012; Kjaer, 2005). The pre-tests showed that respondents could 
handle seven attributes well and tended to view the attributes as 
important and distinct indicators of climate change. The following seven 
attributes were included in the DCE with the purpose of generating 
realistic current and future coral reef scenarios within the PMNM, on 
which respondents could base their mitigation choices (Table 1). 

The first attribute, coral cover, refers to specific species of coral that 
are more or less sensitive to the impacts of climate change, in particular 
bleaching (Hill et al., 2012). That is, climate change may selectively 
remove some species, with rapidly-growing, thin-tissue coral types 
being more susceptible than slow-growing, thick-tissue types (Wool-
dridge et al., 2005). Specific types were targeted for each level of change 
in the coral cover attribute. More susceptible corals were extracted first, 
and more tolerant corals were removed as the level of cover worsened. 
Levels were based on the National Oceanic and Atmospheric Adminis-
tration (NOAA) classification maps: 0%–9% coral cover, 10%–49% coral 
cover, 50%–89% coral cover and 90%–100% coral cover. The midpoint 
of the level ranges was strived for in all the images we used to depict 
coral cover. 

The second attribute, coral health, is directly impacted by tempera-
ture rises due to climate change (Glynn, 1993; Graham et al., 2006; 
Lough et al., 2018). Declining coral health can be visualized as varia-
tions in coral pigmentation, with bleached coral representing severe 
degradation (Jokiel and Brown, 2004). Bleaching of coral structures 
eventually causes the loss of living coral which typically erode to rubble 
(Garpe et al., 2006). Four levels of coral health were chosen: poor 
(severely bleached pure white corals with significant additional rubble 
present), moderate (pale corals with obvious pigment loss and some 
rubble), good (minimal to no pigment loss and rubble) and very good 
(enhanced coral pigmentation). 

The third attribute is fish numbers. Climate induced coral bleaching 
can impact fish species that depend on live corals for food and shelter, 
with many such species potentially facing the risk of extinction with 
more intense episodes of bleaching (Pratchett et al., 2008). Fish number 
levels were altered accordingly: few (a single school of approximately 5 
in total), moderate (a few small schools of approximately 15 in total), 
high (a few larger schools of approximately 20 in total) and very high 
(multiple schools of varying sizes of approximately 35 in total). 

The diversity of fish species is also impacted by coral bleaching 
because some that do not rely on live coral for survival (coral inde-
pendent species) are more resilient than others (coral dependent spe-
cies) (Pratchett et al., 2011; Richardson et al., 2018). Diversity levels 
were therefore included as a fourth attribute as follows: Low diversity 
(single coral independent species), moderate diversity (single coral in-
dependent species as well as one coral dependent species), high diversity 
(single coral independent species as well as two coral dependent species, 
the second being slightly larger in size), very high diversity (single coral 
independent species as well as three coral dependent species, the second 
being slightly larger in size, and the third being slightly more 

Fig. 1. Example of a choice set presented to respondents.  

Table 1 
List of attributes and their corresponding levels within the discrete choice 
experiment.  

Attributes Levels 
Coral cover 0%-9%; 10%-49%; 50%-89%; 90%-100% 
Coral health Poor; moderate; good; very good 
Fish number Few; moderate; high; very high 
Fish species diversity Low; moderate; high; very high 
Water clarity Low; medium; high; very high 
Presence of turtles Absent; present 
Mitigation cost $0; $10; $20; $40; $60; $80; $100; $150; $200  
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charismatic in colour). 
Water clarity is the fifth attribute. Anthropogenic activity such as 

land-use change can create sediment run-off to coral reef environments 
(Delevaux et al., 2018), leading to increased water turbidity and 
decreased sunlight penetration, thereby reducing the rate of photosyn-
thesis (Wielgus et al., 2003; Purnomo, 2019). These deteriorations may 
generate interactions and feedbacks concurrent with climate change 
(Hoegh-Guldberg et al., 2007). Altered levels of water clarity shown to 
respondents were achieved by overlaying an opacity filter on photo-
graphic reef scenes, representing four degrees of sedimentation: low 
(60% opacity), medium (40% opacity), high (20% opacity) and very 
high (0% opacity). 

Additionally, we were also interested in whether the presence of a 
charismatic species (in this case turtles) influences choice behaviour. A 
turtle was therefore introduced in the image as a two-level sixth attri-
bute: absent or present. 

Finally, mitigation efforts such as coral seeding and restoration 
research result in implementation costs that need to be covered by 
public resources. In the DCE, these costs were expressed as an annual tax 
increase over a period of 30 years. Respondents were asked to assume 
that the expenses are incurred by all US citizens, and that the tax rev-
enue would be paid into an earmarked trust fund for coral reef related 

mitigation research and implementation. Nine mitigation cost levels 
were chosen based on the pre-test varying between $0 and $200 per 
year. 

Four base photos were utilized upon which three topographical 
seascape relief levels were embedded (low, medium and high). As a 
result, the attributes and their corresponding levels were nested within 
twelve photographic scenes. Note that the levels of each attribute were 
also presented as a textual or numerical choice tool to respondents, 
except for the presence of the turtle (Fig. 1). The images were developed 
using Adobe Photoshop and base photos of NWHI coral reefs. Fig. C1 in 
Appendix C displays image modifications in the levels of coral reef at-
tributes presented within each choice set for one of the twelve photo-
graphic scenes. 

2.3. Econometric model 

In section 3, we present results of Panel Mixed Logit (ML) models of 
choice behaviour. These models are used to account for potential 
random taste or preference heterogeneity, and to allow the indepen-
dence of irrelevant alternatives (IIA) assumption to be relaxed by letting 
the unobserved portion of utility to be correlated across alternatives 
(Train, 1998). Our estimation of panel data models accounts for the fact 

Table 2 
Descriptive statistics Hawaii and US mainland samples.  

Socio-economic 
variables 

Measurement Coding Hawaiia US 
mainland 

Male What is your gender? 1 = male; 0 = female 0.411 
N = 460 

0.463 
N = 884 

Age Which of the following age categories 
describes you? 

1 = less than 20 years; 2 = 20 to 34 years; 3 = 35 to 49 years; 4 = 50 to 64 years; 
5 = 65 years or older 

2.998 
(0.925) 
N = 471 

3.562 
(1.206) 
N = 892 

Education What is the highest level of education you 
have completed? 

1 = less than high school; 2 = completed high school; 3 = trades or non- 
university certificate or diploma; 4 = completed university; 5 = post graduate 
degree 

3.761 
(1.000) 
N = 469 

3.482 
(1.084) 
N = 895 

Income What category best describes your net 
annual household income level after tax? 

1 = under $25,000; 2 = $25,000 to $49,999; 3 = $50,000 to $74,999; 4 =
$75,000 to $99,999; 5 = $100,000 to $149,999; 6 = $150,000 to $199,999; 7 =
$200,000 or more 

3.327 
(1.366) 
N = 468 

2.911 
(1.583) 
N = 887 

Climate change 
attitudes     

Climate change is 
occurring now 

Which of the following statements best 
reflects your opinion about climate 
change? 

1 = climate change is a fact and the first indications are evident already; 0 =
otherwise 

0.809 
N = 472 

0.737 
N = 897 

Climate change will 
occur later 

Which of the following statements best 
reflects your opinion about climate 
change? 

1 = there will be climate change, but the implications will only be noticeable 
later; 0 = otherwise 

0.032 
N = 472 

0.042 
N = 897 

Don’t believe in 
climate change 

Which of the following statements best 
reflects your opinion about climate 
change? 

1 = I do not believe in climate change; 0 = otherwise 0.013 
N = 472 

0.018 
N = 897 

Climate change is 
too uncertain  

Which of the following statements best 
reflects your opinion about climate 
change? 

1 = evidence about climate change is still too uncertain, it is too early to know 
what will happen; 0 = otherwise 

0.146 
N = 472 

0.166 
N = 897 

Other climate 
change belief 

Which of the following statements best 
reflects your opinion about climate 
change? 

1 = other; 0 = otherwise 0 
N = 472 

0.037 
N = 897 

Climate action Should humans take actions to reduce 
climate change? 

1 = yes; 0 = no 0.956 
N = 472 

0.922 
N = 896  

Notes: 
aThe mean or proportion is provided with the standard deviation in parentheses. 
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that we observe data for the same respondents across time (the time 
subscript is suppressed in the utility function below). The ML models are 
also superior for our application in terms goodness of fit measures 
(Pseudo-R2 and Akaike Information Criterion), compared to models that 
assume IIA and coefficient estimates that are homogeneous over in-
dividuals in the Multinomial Logit (MNL) models. 

The utility of a choice alternative j for an individual i for the models 
that we apply that include the choice attributes only is defined according 
to Eq. (1):  

where eij is the random error component of utility which is assumed to 
be independent and identically distributed, and ASC is the alternative 
specific constant, where the mitigation alternative is coded as 1. Note 
that the attributes are effects coded to test for non-linear effects of de-
clines in the attributes on utility. We prefer effects coding to dummy 
coding to avoid possible confounding of base attribute levels with the 
utility function grand mean (Hensher et al., 2005).3 We assume that the 
annual tax level has a linear fixed effect on utility in order to derive the 
relevant welfare changes, i.e. the implicit price of the marginal changes 
in attribute levels. Finally, the twelve photographic reef scenes are 
included in the analysis by interacting dummy coded variables for the 
base photos and topographical seascape relief levels with the ASC. The 
models are estimated in NLOGIT version 5, using 1,000 Halton draws to 
increase the statistical efficiency of the estimation (Bhat, 2001). 

3. Results 

3.1. Descriptive statistics 

Table 2 displays the descriptive statistics for the main socio- 
economic variables by sampled region (i.e. Hawaii and US mainland). 
US mainland respondents are proportionately more male, older, slightly 
less educated and have lower household incomes, compared to Hawai-
ian respondents. Concerning the actual socio-economic information of 
individuals residing in Hawaii and the US mainland in 2008, respec-
tively 49.2% and 49.0% were male, compared to 41.1% and 46.3% in 

our sample. Median age of the adult population was 35 to 54 years for 
both Hawaii and the US mainland in 2008, compared to 35 to 49 years 
and 50 to 64 years for our sample, respectively.4 Moreover, 29.5% of 
Hawaiians and 27.0% of US residents aged 25 years and over had 
completed a Bachelor’s or higher degree as of 2006 (Snyder et al., 2009), 
relative to 67.0% and 55.4% of the Hawaii and US mainland re-
spondents, respectively. The median level of annual household income 
before tax was $61,521 for Hawaii and $50,303 for the US as a whole in 
2008, compared to between $50,000 and $74,999 annual household 
income after tax for both Hawaii and the US mainland in our sample, 

respectively.5 Therefore, overall our sample over-represents females, as 
well as individuals with high levels of education and income. 

Table 2 also provides information regarding respondents’ beliefs 
about the impacts of climate change, and whether they think that in-
dividual citizens should take action to mitigate these impacts. A majority 
of the respondents (80.9% of Hawaiian and 73.7% of US mainland re-
spondents) believe that the impacts of climate change are already 
occurring. Only a small percentage of respondents (3.2% of Hawaiian 
and 4.2% of US mainland) consider the implications of climate change to 
be only relevant for the future. Moreover, a small proportion of re-
spondents either do not believe in climate change (1.3% of Hawaiian 
and 1.8% of US mainland), or regard evidence about climate change as 
still too uncertain to determine potential impacts (14.6% of Hawaiian 
and 16.6% of US mainland). Most respondents believe that individual 
citizens should take action to mitigate the potential impacts of climate 
change (95.6% of Hawaiian and 92.2% of US mainland). Compared to 
US mainland respondents, slightly but significantly more Hawaiian re-
spondents believe the impacts of climate change are already occurring, 
and that something should be done to mitigate climate change impacts 
(Chi-Squared test p-values < 0.05). 

3.2. Choice modelling 

Table 3 shows the results of the econometric analysis and the esti-
mated ML models, examining the influence of (declines in) each attri-
bute level on utility. Reference categories for degradations in the coral 
cover, coral health, fish number and fish species diversity attributes are 
one-level improvements from the current situation, given that levels of 
these attributes increased in some future scenarios. No change in water 
clarity and the presence of turtles are used as reference categories for 
deteriorations in these attributes, because levels of these attributes 
either decreased or remained constant between the current and future 
scenarios. The lowest level of topographical seascape relief and one of 

Uij = ASC + β
1

No change coral healthij + β
2

One level decline coral healthij + β
3

Two level decline coral healthij + β
4

Three level decline coral healthij

+ β
5

No change coral coverij + β
6

One level decline coral coverij + β
7

Two level decline coral coverij + β
8

Three level decline coral coverij

+ β
9

No change f ish numberij + β
10

One level decline fish numberij + β
11

Two level decline fish numberij + β
12

Three level decline fish numberij

+ β
13

No change f ish species diversityij + β
14

One level decline fish species diversityij + β
15

Two level decline fish species diversityij

+ β
16

Three level decline fish species diversityij + β
17

One level decline water clarityij + β
18

Two level decline water clarityij

+ β
19

Three level decline water clarityij + β
20

One level decline presence of turtlesij + β
21

Mitigation costij + β
22

ASC × Medium reliefi + β
23

ASC

× High reliefi + β
24

ASC × Base photo twoi + β
25

ASC × Base photo threei + β
26

ASC × Base photo fouri + eij

(1)   

3 The levels of utility associated with the reference category (one-level 
improvement) of the five-level effects coded decline variable of coral health is 
as follows: Vbase = ASC+β1(−1)+β2(−1)+β3(−1)+β4(−1) , where V is the 
deterministic component of utility, β1 is the parameter estimate on the no 
change variable, β2 is the parameter estimate on the one-level decline variable, 
β3 is the parameter estimate on the two-level decline variable and β4 is the 
parameter estimate on the three-level decline variable. The levels of utility 
associated with no change, one-level, two-level and three-level declines 
are respectively: Vnochange = ASC+β1(1)+β2(0)+β3(0)+β4(0) , Voneleveldecline =
ASC+β1(0)+β2(1)+β3(0)+β4(0) , Vtwoleveldecline = ASC+β1(0)+β2(0)+β3(1)
+β4(0) and Vthreeleveldecline = ASC+β1(0)+β2(0)+β3(0)+β4(1) . A similar intui-
tion follows for the effects coded variables that incorporate a lower number of 
levels. 

4 Gender and age information was extracted from: https://www.kff.org.  
5 Income information was extracted from: https://www.census.gov. 
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the four base photos are also utilized as reference categories, regarding 
the interactions we include between these dummy coded variables and 
the ASC. 

Two types of model are presented for both samples. The first two 
models (Model 1A and 1B) only include the choice attributes, while the 

latter two models (Model 2A and 2B) also include significant interaction 
terms between mitigation cost and other factors. Note that parameters 
on the interactions between the ASC and levels of topographical 
seascape relief and the base photos, as well as the mitigation cost are 
non-random in the Panel ML models. The mitigation cost parameter is 
fixed in order to facilitate the estimation of welfare measures (Train, 
2009). The mitigation cost parameter is estimated furthermore exclu-
sively for the mitigation alternative utility function, because cost 
without mitigation is always $0. All other parameters are estimated for 
both the with and without mitigation alternative in the utility functions. 
The distribution of the random parameters for the other choice attri-
butes is specified as normal. Due to space limitations, the standard de-
viations of the random terms are not presented in Table 3, but can be 
found in Appendix D. Those choice attributes with statistically signifi-
cant randomized coefficient estimates (at the 5% level) are included in 
Table 3 in bold. 

The Model 1 results suggest that for Hawaiian residents, declines in 
coral health, fish species diversity and water clarity lead to reductions in 

Table 3 
Parameter estimates for Panel ML models by region.   

Model 1 Model 2  
Model 1A: Hawaii Model 1B: US mainland Model 2A: Hawaii Model 2B: US mainland 

Alternative Specific Constant (ASC) 4.153*** (0.862) 3.691*** (0.470) 4.174*** (0.839) 3.495*** (0.437) 
Choice attributes     
No change coral health 0.508** (0.211) 0.597*** (0.138) 0.527** (0.214) 0.592*** (0.136) 
One level decline coral health 0.384** (0.173) −0.018 (0.126) 0.391** (0.173) −0.035 (0.125) 
Two level decline coral health −0.540** (0.272) −0.270* (0.162) −0.521** (0.244) −0.270* (0.159) 
Three level decline coral health −1.235*** (0.399) −0.872*** (0.299) −1.244*** (0.379) −0.900*** (0.307) 
No change coral cover 0.738** (0.303) 0.686*** (0.177) 0.752*** (0.269) 0.676*** (0.170) 
One level decline coral cover −0.133 (0.151) −0.206* (0.115) −0.144 (0.152) −0.197* (0.112) 
Two level decline coral cover −0.868** (0.409) −1.340*** (0.262) −0.865** (0.359) −1.290*** (0.255) 
Three level decline coral cover −1.296** (0.650) −0.636** (0.297) −1.292** (0.544) −0.599** (0.288) 
No change fish number 0.710*** (0.226) 0.306** (0.144) 0.705*** (0.224) 0.297** (0.142) 
One level decline fish number 0.142 (0.168) 0.150 (0.117) 0.126 (0.168) 0.128 (0.117) 
Two level decline fish number −0.476** (0.210) −0.303* (0.158) −0.494** (0.215) −0.323** (0.153) 
Three level decline fish number −1.728*** (0.546) ¡1.331*** (0.386) −1.731*** (0.506) ¡1.330*** (0.362) 
No change fish species diversity −0.021 (0.207) 0.320** (0.158) 0.011 (0.210) 0.296* (0.156) 
One level decline fish species diversity 0.293* (0.161) 0.201* (0.114) 0.297* (0.164) 0.193* (0.112) 
Two level decline fish species diversity −0.519** (0.259) ¡0.909*** (0.215) −0.532** (0.251) ¡0.905*** (0.211) 
Three level decline fish species diversity ¡1.026** (0.492) −0.813*** (0.303) ¡1.120** (0.496) −0.772*** (0.299) 
One level decline water clarity 0.706*** (0.186) 0.782*** (0.123) 0.732*** (0.186) 0.753*** (0.117) 
Two level decline water clarity ¡0.710*** (0.211) −0.376*** (0.131) ¡0.738*** (0.195) −0.369*** (0.129) 
Three level decline water clarity −1.119*** (0.378) ¡1.961*** (0.337) −1.091*** (0.355) ¡1.822*** (0.318) 
One level decline presence of turtles 0.094 (0.196) −0.161 (0.127) 0.108 (0.183) −0.147 (0.124) 
Mitigation cost −0.025*** (0.005) −0.026*** (0.003) −0.046*** (0.011) −0.031*** (0.004) 
Visualization effects     
ASC × Medium relief −0.597* (0.339) −0.626*** (0.228) −0.552* (0.330) −0.563** (0.220) 
ASC × High relief 0.094 (0.369) 0.156 (0.241) 0.090 (0.352) 0.152 (0.238) 
ASC × Base photo two 0.027 (0.367) 0.549** (0.277) −0.001 (0.362) 0.539** (0.271) 
ASC × Base photo three −0.213 (0.319) −0.232 (0.227) −0.206 (0.333) −0.197 (0.224) 
ASC × Base photo four −0.305 (0.325) −0.257 (0.226) −0.316 (0.338) −0.211 (0.223) 
Interaction effects     
Mitigation cost × climate action   0.023** (0.009) 0.006* (0.003) 
Mitigation cost × high income   −0.002 (0.003) 0.004** (0.002) 
Summary statistics     
Log-likelihood −923 −1,650 −915 −1,623 
Pseudo-R2 0.530 0.558 0.530 0.560 
AIC 1,943 3,397 1,931 3,345 
Observations 2,832 5,382 2,808 5,316 
Number of respondents 472 897 468 886  

Notes: 
***, **, *: Significance at 1%, 5%, 10% level, respectively. Standard errors are presented in parentheses. 

Fig. 2. Log-likelihood values for pooled mixed logit models containing 
different possible scale parameters. 
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utility.6 Larger decreases in utility are apparent for worsening coral 
cover and lower fish numbers. The Model 1 results for US mainland 
residents imply that lower levels of coral health and fish species di-
versity induce relatively small reductions in utility, and lower fish 
numbers, as well as degradations in water clarity and coral cover lead to 
larger decreases in utility. The relationship between coral cover, fish 
species diversity and utility is nonlinear for the US mainland residents. 
Worsening coral cover first results in decreasing levels of utility. How-
ever, individual respondents prefer the largest level of reduction in coral 

cover to the second largest. The same relationship holds for fish species 
diversity except that the nonlinearity shows up less prominently. The 
presence of turtles has no impact on utility for either Hawaiian or US 
mainland residents. 

Significant preference heterogeneity is found in the ASC term, 
consistently across all four models, suggesting that respondents vary in 
their preferences associated with climate mitigation action more 
generally. The high standard deviations in Model 1A and 2A for the 
Hawaii sample in particular stand out. They are higher than the mean 
coefficient estimates, indicating a wide spread in choice behaviour 
across the two choice alternatives. Preference heterogeneity surround-
ing choice attributes differs between the two samples. Given the higher 
number of significant random terms in the US mainland sample, these 
respondents appear to be more heterogeneous than Hawaii residents. 
Significant differences between respondents are primarily found in the 
number and diversity of fish species, as well as water clarity for US 
mainland respondents, whereas preferences of Hawaii respondents 
differ more across fish species diversity and water clarity. 

The mean coefficient estimates on interactions between topograph-
ical seascape relief levels as well as the base photos and the ASC, indicate 
that there are some visualization effects for the US mainland sample. 
Compared to a low level of topographical seascape relief, these re-
spondents experience less utility by choosing to mitigate for photo-
graphic scenes showing a medium level of relief, whereas compared to 
the first base photo, they experience more utility by mitigating for 

Table 4 
Mean implicit prices (in 2008 US dollars) of marginal changes from reference categories and combinatorial test results.   

Model 1A: Hawaii Model 1B: US mainland Difference Combinatorial test p-values 
No change coral health −14.770  

(−55.741; 26.202) 
1.268  
(−25.093; 27.629)  

−16.038  0.568 

One level decline coral health −19.645  
(−63.814; 24.524) 

−22.152  
(−50.897; 6.593)  

2.507  0.929 

Two level decline coral health −56.009**  
(−106.773; −5.246) 

−31.728*  
(−65.064; 1.609)  

−24.281  0.665 

Three level decline coral health −83.364***  
(−139.012; −27.717) 

−54.652***  
(−96.107; −13.197)  

−28.712  0.517 

No change coral cover –32.344  
(−77.042; 12.355) 

−30.906**  
(−57.811; −4.002)  

−1.438  1.000 

One level decline coral cover −66.612***  
(−111.182; –22.042) 

−64.875***  
(−89.917; −39.834)  

−1.737  0.982 

Two level decline coral cover −95.530***  
(−160.670; −30.389) 

−108.071***  
(−143.487; −72.655)  

12.541  0.731 

Three level decline coral cover −112.415***  
(−193.210; −31.619) 

−81.256***  
(−120.754; −41.759)  

−31.159  0.401 

No change fish number −25.289  
(−65.414; 14.836) 

–33.258**  
(−65.570; −0.945)  

7.969  0.779 

One level decline fish number −47.623**  
(−90.362; −4.884) 

−39.196**  
(−72.140; −6.252)  

−8.427  0.726 

Two level decline fish number −71.977***  
(−119.137; −24.817) 

−56.417***  
(−92.575; −20.259)  

−15.560  0.570 

Three level decline fish number −121.249***  
(−184.206; −58.293) 

−95.593***  
(−146.384; −44.802)  

−25.656  0.357 

No change fish species diversity −50.920**  
(−95.062; −6.777) 

–33.529**  
(−64.548; −2.511)  

−17.391  0.455 

One level decline fish species diversity −38.570*  
(−83.252; 6.112) 

−38.085***  
(−66.608; −9.562)  

−0.485  0.985 

Two level decline fish species diversity −70.507***  
(−120.683; −20.331) 

−80.326**  
(−113.294; −47.358)  

9.819  0.701 

Three level decline fish species diversity −90.467**  
(−160.340; −20.593) 

−76.689***  
(−120.635; –32.743)  

−13.778  0.605 

One level decline water clarity −16.406  
(−47.827; 15.016) 

−29.465***  
(−51.337; −7.593)  

13.059  0.475 

Two level decline water clarity −72.172***  
(−108.174; −36.170) 

−73.543***  
(−97.607; −49.479)  

1.371  0.971 

Three level decline water clarity −88.254***  
(−137.413; −39.095) 

−133.918***  
(−170.415; −97.422)  

45.664*  0.054 

One level decline presence of turtles 7.402  
(−26.716; 41.521) 

−12.286  
(–32.119; 7.546)  

19.686  0.236 

Notes: 
***, **, *: Significance at 1%, 5%, 10% level, respectively. 
95% confidence intervals are provided within parentheses based on the Krinsky and Robb (1986) bootstrapping method with 1,000 random draws. 

6 The coefficient estimates in Table 3 cannot be interpreted in terms of the 
marginal utility derived from declines in the attributes, relative to the reference 
category, since the reference category is coded as −1. Utility of, for example, a 
one-level decline in coral health is calculated as follows for the Hawaii sample: 
Voneleveldecline = ASC+β1(0)+β2(1)+β3(0)+β4(0) = 4.153+0.384 = 4.537 . This 
is lower than the level of utility associated with the reference category 
(one-level improvement) and no change in coral health, respectively: 
Vbase = ASC+β1(−1)+β2(−1) +β3(−1)+β4(−1) = 4.153+0.508(−1)+0.384 
(−1)−0.540(−1)−1.235(−1) = 5.036 and Vnochange = ASC+β1(1)+β2(0)
+β3(0)+β4(0) = 4.153+0.508 = 4.661 , but greater than the level of utility 
derived from a two- and three-level decline in coral health, respectively: 
Vtwoleveldecline = ASC+β1(0)+β2(0)+β3(1)+β4(0) = 4.153−0.540 = 3.613 and 
Vthreeleveldecline = ASC+β1(0)+β2(0)+β3(0)+β4(1) = 4.153−1.235 = 2.918 . To 
find the relevant marginal utilities, one would need to look at the change in 
utility that results from a one-unit change in attribute levels. 
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photographic scenes that use the second base photo. The Hawaiian 
sample display a similar visualization effect with regards to topo-
graphical seascape relief levels, but this effect is of marginal 
significance. 

In a series of exploratory analyses, we tried to identify the main 
sources of preference heterogeneity by examining whether recreational 
experiences (i.e. whether respondents dived or snorkeled before and 
hence may assign significant recreational values to coral reefs), climate 
change beliefs, and respondents’ socio-economic characteristics explain 
heterogeneity in the effect of the choice attributes other than mitigation 
cost. Insignificant coefficient estimates on interaction terms between 
these attributes and the respondent characteristics mean that hetero-
geneity in the effect of these choice attributes may be due to variables 
that we do not observe in our survey. 

Model 2A and 2B examine interactions between the mitigation cost 
attribute and whether or not respondents believe it is important for 
humans to take action to mitigate the impacts of climate change, and 
ability to pay, as measured through a dummy variable indicating re-
spondents coming from households with higher levels of income. The 
latter variable is dummy coded to reflect above median levels of annual 
household income ($50,000 to $74,999). The results of Model 2A sug-
gest that Hawaiian residents experience lower utility losses because of 
higher mitigation cost levels if they believe that climate action is 
needed. However, the interaction between income and mitigation cost is 
insignificant within the Hawaii sample. The Model 2B results also imply 
that US mainland residents experience lower utility losses due to higher 
levels of mitigation cost, although this effect is of a lower magnitude 
than in Model 2A and of lower significance. As expected, there is a 
significant interaction between income and mitigation cost for the US 
mainland sample, which means that respondents are willing to pay 
higher levels of mitigation cost if they have above median income levels. 
In sum, it seems that opinions about climate change mitigation are more 
influential with respect to the DCE mitigation decisions in Hawaii, 
where vulnerability to climate change impacts is relatively high, 
compared to the US mainland. Furthermore, income levels play a more 
significant role in US mainland residents’ mitigation cost choices, 
whereas this is not the case in Hawaii. 

3.2.1. Testing equality of estimated choice models 
This section uses the test proposed by Swait and Louviere (1993), to 

examine whether the choice models of the Hawaii and US mainland 
samples (Model 1A and 1B) are statistically the same. The test first 
consists of retrieving the log-likelihood values for the separate Hawaii 
and US mainland ML models (the log-likelihood equals −923.329 for 
Hawaii and −1,650.471 for US mainland). The two datasets are then 
pooled and the attribute level codes are multiplied by a scale parameter 
for one of the samples. This parameter reflects that the datasets may 
have different variances across alternatives. Log-likelihood values are 
then retrieved for different trial versions of the scale parameter until the 
best model fit is achieved. The log-likelihood function is concave in the 
scale parameter, which allows for identifying a unique maximum. Fig. 2 
displays the results of this grid-search procedure, which shows that scale 
parameter 0.76 maximizes the log-likelihood function. The log- 
likelihood is retrieved from this pooled ML model according to scale 
parameter 0.76 (-2,608.424), and a likelihood ratio test is performed to 
test the null hypothesis of equal preference parameters between the 
Hawaii and US mainland samples. The likelihood ratio test statistic is: 
−2(-2,608.424-(-923.329–1,650.471)) = 69.248, with degrees of 
freedom equal to the number of parameters in the models plus one. 
Comparing this test statistic to the Chi-Square critical values at α = 0.05 
and α = 0.01, which are 65.171 and 73.683 respectively, it can be 
concluded that the null hypothesis of equal preference parameters be-
tween the Hawaii and US mainland models can be rejected at the 5% 
level. 

The next stage of the Swait and Louviere (1993) test consists of 
testing for equality of scale parameters between the Hawaii and US 

mainland data sets, but this can only be done if one fails to reject the null 
hypothesis of equality of preference parameters. Note that it is not 
possible for us to attribute the difference between the Hawaii and US 
mainland models to differences in either the preference parameters 
alone, or to differences in both the preference and scale parameters as 
these are confounded (Louviere et al., 2003). 

3.3. Welfare estimates 

In this section we interpret and calculate welfare changes based on 
Model 1A and 1B, which consider the average impact of the attribute 
declines on utility. Monetary welfare estimates, or implicit prices (IPs), 
are derived from declines in the levels of attributes relative to the 
reference categories in Table 4.7 Moreover, 95% confidence intervals 
associated with the estimates are calculated using the Krinsky and Robb 
(1986) bootstrapping method with 1,000 random draws. In order to 
examine whether there are significant mean differences in the welfare 
estimates between the Hawaiian and US mainland samples, two-sided 
Poe et al. (2005) combinatorial tests are applied. These tests work by 
subtracting each element of one simulated distribution of welfare esti-
mates from each element of another simulated distribution of welfare 
estimates.8 For the two-sided tests employed here, if twice the propor-
tion of differences greater than or less than zero is less than 1%, 5%, or 
10%, equality of welfare estimates is rejected at the corresponding levels 
of significance (Petrolia et al., 2018). 

From Table 4 it can be noted that the monetary estimates are nega-
tive which indicates that individuals require compensation for future 
deteriorations in coral reef attributes. In line with the results of Section 
3.2, there are moderate mean welfare losses for reductions to coral 
health (-$56.01 and -$83.36 for two- and three-level declines respec-
tively, per year for thirty years), fish species diversity (-$50.92, -$38.57, 
-$70.51 and -$90.47 for no change, one-, two- and three-level declines 
respectively) and water clarity (-$72.17 and -$88.25 for two- and three- 
level declines respectively) within the Hawaii sample. Whereas, larger 
welfare losses are recorded for reductions in coral cover (-$66.61, 
-$95.53 and -$112.42 for one-, two- and three-level declines respec-
tively) and fish numbers (-$47.62, -$71.98 and -$121.25 for one-, two- 
and three-level declines respectively). 

Regarding the residents of US mainland, mean welfare losses are 
relatively lower in magnitude for reductions to coral health (-$31.73 and 
-$54.65 for two- and three-level declines respectively) and fish species 
diversity, than for reductions in fish numbers (-$33.26, -$39.20, -$56.42 
and -$95.59 for no change, one-, two- and three-level declines respec-
tively), water clarity (-$29.47, -$73.54 and -$133.92 for one-, two- and 
three-level declines respectively) and coral cover. Welfare falls for low- 
level declines in coral cover (-$30.91, -$64.88 and -$108.07 for no 
change, one- and two-level declines respectively) and fish species di-
versity (-$33.53, -$38.09 and -$80.33 for no change, one- and two-level 
declines respectively). But welfare is lower for two-level declines in coral 
cover and fish species diversity than for three-level declines in these at-
tributes (welfare losses are -$81.26 and -$76.69 for three-level declines in 
coral cover and fish species diversity respectively). The presence of turtles 
has no impact on welfare for either the Hawaiian or US mainland 
residents. 

The differences in mean IPs of marginal changes in variables from the 
reference categories between the Hawaii and US mainland samples, are 
mostly negative concerning changes in coral health, coral cover, fish 

7 The IPs of marginal changes from the reference category (one-level 
improvement) for the five-level effects coded decline in coral health variable is 
as follows: IPnochange =−(2β1 + β2 + β3 + β4)/β21 , IPoneleveldecline =−(2β 2 + β1 +

β3 + β4)/β21 , IPtwoleveldecline =−(2β3 + β1 + β2 + β4)/β21 , IPthreeleveldecline 
=−(2β4 + β1 + β2 + β3)/β21 (Talpur et al., 2018). The same intuition applies 
for the effects coded variables that incorporate a lower number of levels.  

8 We simulate 1,000 values per level of decline in each variable. 
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numbers and fish species diversity. Therefore, on average Hawaiian 
residents tend to experience slightly higher welfare losses as a result of 
deteriorations in these coral reef attributes, compared to residents of US 
mainland. However, these differences are insignificant according to the 
two-sided combinatorial tests. For changes to water clarity and presence 
of turtles, the differences in mean IPs of marginal changes in these 
variables from the reference categories between the Hawaii and US 
mainland samples are positive. Thus, Hawaiian residents receive lower 
reductions in utility when the water clarity and turtles attributes 
decline. The difference ($45.66) is marginally significant for the largest 
level of decline in water clarity (two sided combinatorial test p-value =
0.054), but insignificant with respect to the presence of turtles attribute. 

4. Discussion 

Rising sea temperatures driven by climate change are leading to 
rapid declines in coral reef ecosystems around the world (Camp et al., 
2018). Gaining insights into which attributes individuals value the most 
in the context of degrading coral reefs, is important for designing tar-
geted mitigation policies. To the best of our knowledge, this study is the 
first to examine the relative contribution of several coral reef attributes 
towards non-use value within the context of climate change induced 
coral reef deteriorations. Using insights from a DCE involving 1,369 
individuals, we have shown that US residents on the Hawaiian Islands 
and within mainland states experience a significant loss to welfare as a 
result of climate change induced degradations in coral reef attributes. 
Therefore, overall it can be concluded that these individuals attach 
considerable non-use values to coral reefs within the PMNM. 

We note that the possibility of bias introduced by some perceived 
correlation among attributes cannot be excluded in the DCE. Never-
theless, variation in all of the attributes except for presence of turtles is 
predictive of choice behaviour. Therefore, with the possible exception of 
the latter, on aggregate the attributes had an independent effect on in-
dividuals’ decision making processes and welfare. More specifically, the 
largest welfare losses are evident for declines in coral cover and fish 
numbers for both Hawaiian and US mainland residents, as well as water 
clarity for US mainland residents only. Moderate welfare losses are re-
ported for declines in coral health and fish species diversity for both 
samples, and water clarity for the Hawaiian sample. 

The Swait and Louviere (1993) test was used to examine whether the 
preference parameters derived in the Hawaii and US mainland choice 
models are the statistically the same. The null hypothesis of equality of 
parameter estimates between the Hawaii and US mainland models can 
be rejected at the 5% level. However, we are unable to say whether the 
difference is due to either differences in the preference parameters 
alone, or to differences in both the preference and scale parameters. 
According to statistical tests of the equivalence of mean welfare esti-
mates, there are only small differences between the Hawaii and US 
mainland samples. The latter residents experience marginally signifi-
cantly larger welfare losses with respect to lower levels of water clarity. 
One possible explanation for this finding is that Hawaiian culture is 
more closely aligned with the functional requirements and productive 
aspects of coral reefs (Gorstein et al., 2018; Gregg et al., 2015), making 
water clarity of secondary importance to Hawaiian residents. On 
average, compared to US mainland residents, Hawaiian residents 
experienced slightly higher welfare losses as a result of deteriorations in 
attributes more closely associated with the productive potential of coral 
reefs, such as coral health, coral cover, fish numbers and fish species 
diversity. However, these differences do not reach significance. 

The overall lack of significant differences in mean welfare estimates 
between the Hawaiian and US mainland samples may be attributed to 
the non-use nature of the PMNM, or the relative remoteness of this 
valuation site. On the one hand, although use values tend to decline with 
distance due to the cost of accessing the site which depends on distance, 
such a relationship does not hold for non-use values (Hanley et al., 
2003). On the other hand, there may be a cultural identity or sense of 

ownership component to non-use values, which implies that individuals 
who live close to the valuation site exhibit higher non-use values 
(Bateman et al., 2006). Nevertheless, this cultural identity effect is 
perhaps muted by the fact that the vast majority of the Hawaiian pop-
ulation is concentrated within the Southeastern islands, rather than the 
NWHI where the PMNM is located. 

Furthermore, in contrast to studies conducted on the use values of 
coral reefs, which find that individuals prefer the presence of charis-
matic species, such as turtles and sharks (Grafeld et al., 2016; Schuh-
mann et al., 2013), our study found that the presence of a turtle did not 
significantly influence choice behaviour. One possible explanation for 
this finding may be linked to the non-use focus of the DCE. That is, in-
dividuals may have less interest in charismatic species if there are no 
opportunities to experience them directly via diving and snorkeling 
experiences. However, studies on the non-use value of marine turtles 
(Tisdell et al., 2005; Wallmo and Lew, 2012; Brander et al., 2021), and 
on other charismatic species, have shown that existence values are quite 
high (Kontogianni et al., 2012; Amuakwa-Mensah et al., 2018; Subroy 
et al., 2019). Note that we cannot rule out that the non-significance of 
presence of turtles is due to some perceived correlation between this 
attribute and some of the other attributes in the DCE, but we lacked the 
data to test this, for example through follow-up debriefing questions. 

According to our analysis of descriptive statistics, a slightly higher 
proportion of Hawaiian respondents believe that climate change impacts 
are evident already, and think that humans should mitigate these im-
pacts. The Pacific islands are vulnerable to negative climate induced 
impacts and extremes (Barnett and Adger, 2003; Shea et al., 2001; 
Taylor and Kumar, 2016), therefore it is perhaps unsurprising that a 
slightly larger proportion of Hawaiian respondents believe that climate 
change is already occurring and should be mitigated. In an exploratory 
interaction analysis, it was found that those respondents who believe 
that humans should take actions to reduce climate change are willing to 
pay higher levels of the mitigation cost attribute. Compared to US 
mainland residents, this effect is larger in magnitude and significance for 
Hawaiian residents who may perceive climate change impacts as more 
salient. Within the US mainland sample, income levels also play a 
prominent role in determining the level of mitigation cost respondents 
are willing to pay. 

5. Conclusion 

Given the absence of research on non-use values for coral reef at-
tributes that are impacted by climate change, we conducted a DCE 
among 1,369 US residents who reside on the Hawaiian Islands and 
within mainland states in order to examine whether these individuals 
experience a loss in welfare as a result of climate change induced 
degradation to coral reefs. Non-use values provide a good motivation for 
enhanced conservation, therefore our results have important policy 
implications. We show that individuals experience large welfare losses 
due to reductions in coral cover and fish numbers. Therefore, awareness 
campaigns and management options may be developed that focus on the 
threat posed by climate change to these attributes. Given that we show 
that beliefs related to climate change and mitigation are an important 
driver of support for mitigation among individuals who perceive climate 
change impacts as salient, it may be beneficial to stress the crucial role of 
climate change impacts on coral reefs and ways in which humans can try 
to offset these impacts. Furthermore, including information within 
management options related to water clarity may be advantageous 
among populations who are less likely to focus on the productive aspects 
of coral reefs. 
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Appendix A  

Table A1 
Studies that include non-use values of coral reefs according to the Ecosystem Services Valuation Database (ESVD) and an independent literature search by the authors.  

Study Isolate non-use value Tropical coral reefs Isolate climate change impacts Method 
Aanesen et al. (2015) Yes No No Choice experiment 
Ahmed et al. (2007) No Yes No Contingent valuation 
Albert et al. (2012) Yes Yes No Contingent valuation 
Armstrong et al. (2017) Yes No No Choice experiment 
Bishop et al. (2011) Yes Yes No Choice experiment 
Brown et al. (2001) No Yes No Contingent valuation 
Cesar et al. (2003) No Yes No Value transfer 
Cesar and van Beukering (2004) Yes Yes No Contingent valuation / value transfer 
Charles et al. (2005) No Yes No Contingent valuation 
Cruz-Trinidad et al. (2011) Yes Yes No Contingent valuation 
Estudios Técnicos (2007) Yes Yes No Contingent valuation 
Failler et al. (2015) Yes Yes No Choice experiment 
Fonseca (2009) Yes Yes No Contingent valuation 
Gazzani and Marinova (2007) Yes Yes No Choice experiment 
Glenn et al. (2010) Yes No No Choice experiment 
Jobstvogt et al. (2014) Yes No No Choice experiment 
Hargreaves-Allen (2009) Yes Yes No Contingent valuation 
Hicks (2011) Yes Yes No Value transfer 
Hundloe (1990) No Yes No Contingent valuation 
Johns et al. (2004) No Yes No Contingent valuation 
Leeworthy and Bowker (1997) No Yes No Travel cost 
Madani et al. (2012) Yes Yes No Contingent valuation 
Marre et al. (2015) Yes Yes No Choice experiment 
Maynard et al. (2019) No Yes No Contingent valuation 
Mohamed (2008) No Yes No Contingent valuation 
Nam and Son (2004) No Yes No Contingent valuation 
Nam et al. (2005) Yes Yes No Contingent valuation 
Ngazy et al. (2004) No Yes Yes Contingent valuation 
O’Garra (2009) Yes Yes No Contingent valuation 
O’Garra (2012) Yes Yes No Contingent valuation 
Oleson et al. (2015) Yes Yes No Choice experiment 
Oxford Economics (2009) Yes Yes Yes Value transfer 
Pascal (2011) Yes Yes No Value transfer 
Peachy (1998) Yes Yes No Contingent valuation 
Rogers (2013a) Yes Yes No Choice experiment 
Rogers (2013b) Yes Yes No Choice experiment 
Rolfe and Windle (2012a) Yes Yes No Choice experiment 
Ruitenbeek and Cartier (1999) Yes Yes No Contingent valuation 
Sarkis et al. (2013) No Yes No Choice experiment 
Schuhmann et al. (2017) No Yes No Contingent valuation / choice experiment 
Seenprachawong (2002) Yes Yes No Choice experiment 
Seenprachawong (2003) Yes Yes No Contingent valuation 
Seenprachawong (2016) Yes Yes No Contingent valuation 
Shahwahid and McNally (2001) No Yes No Contingent valuation 
Spurgeon et al. (2004) Yes Yes No Contingent valuation 
Subade and Francisco (2014) Yes Yes No Contingent valuation 
Tseng et al. (2015) No Yes Yes Contingent valuation 
van Beukering et al. (2004) No Yes No Contingent valuation 
Wattage et al. (2011) Yes No No Choice experiment 
Westmacott et al. (2000) No Yes Yes Contingent valuation  
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Appendix B 

Information about the potential impact of climate change on coral 
reefs, mitigation, and the Papahānaumokuākea Marine National Mon-
ument presented to respondents prior to the discrete choice experiment: 

Screen 1 

Coral reefs and climate change 

Scientists now agree that climate change will lead to environmental 
changes worldwide. Coral reefs will be affected by rising ocean tem-
peratures. They might bleach, and eventually the numbers of corals and 
their associated marine life will decline. 

The Hawaiian coral reefs will also be affected by climate change. The 
only way to prevent this is to develop and use local mitigation measures. 
No such measures are in place at the moment, but could be developed in 
the future. Possible measures include the cultivation and planting of 
corals. 

Screen 2 

Papahānaumokuākea marine national monument 

The Hawaiian Islands consist of several big islands in the Southeast, 
where the population, tourism and economic activities are concentrated. 

The Northwestern Hawaiian Islands are a string of small islands 
stretching over 1,500 miles and containing some of the healthiest reefs 
in the US. They have now been declared the Papahānaumokuākea 
Marine National Monument (PMNM), a marine protected area that 
cannot be accessed for recreation or private use. Only a few large coral 
reef ecosystems worldwide remain so untouched by humans. 

The coral reefs in the PMNM could also be affected by climate change 
in the future. 

Screen 3 

Each of the following pages will show you one current and two 
possible future reef conditions with and without mitigation for the 
Papahānaumokuākea Marine National Monument (PMNM) under con-
ditions of climate change (approximately 30 years in the future). 

The text below each image describes its content. While some of these 
scenarios may seem unlikely, they may occur under special circum-
stances. Remember, the PMNM is a marine protected area, and is 
NOT available for recreation or any other uses. 

Appendix C  

Fig. C1. Image variations in the levels of coral reef attributes.  
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Appendix D  

Table D1 
Full Panel ML models by region (including parameter estimates and standard deviations of the random terms).   

Model 1 Model 2  
Model 1A: Hawaii Model 1B: US mainland Model 2A: Hawaii Model 2B: US mainland 

Alternative Specific Constant (ASC) 4.153*** (0.862) 3.691*** (0.470) 4.174*** (0.839) 3.495*** (0.437) 
Choice attributes     
No change coral health 0.508** (0.211) 0.597*** (0.138) 0.527** (0.214) 0.592*** (0.136) 
One level decline coral health 0.384** (0.173) −0.018 (0.126) 0.391** (0.173) −0.035 (0.125) 
Two level decline coral health −0.540** (0.272) −0.270* (0.162) −0.521** (0.244) −0.270* (0.159) 
Three level decline coral health −1.235*** (0.399) −0.872*** (0.299) −1.244*** (0.379) −0.900*** (0.307) 
No change coral cover 0.738** (0.303) 0.686*** (0.177) 0.752*** (0.269) 0.676*** (0.170) 
One level decline coral cover −0.133 (0.151) −0.206* (0.115) −0.144 (0.152) −0.197* (0.112) 
Two level decline coral cover −0.868** (0.409) −1.340*** (0.262) −0.865** (0.359) −1.290*** (0.255) 
Three level decline coral cover −1.296** (0.650) −0.636** (0.297) −1.292** (0.544) −0.599** (0.288) 
No change fish number 0.710*** (0.226) 0.306** (0.144) 0.705*** (0.224) 0.297** (0.142) 
One level decline fish number 0.142 (0.168) 0.150 (0.117) 0.126 (0.168) 0.128 (0.117) 
Two level decline fish number −0.476** (0.210) −0.303* (0.158) −0.494** (0.215) −0.323** (0.153) 
Three level decline fish number −1.728*** (0.546) −1.331*** (0.386) −1.731*** (0.506) −1.330*** (0.362) 
No change fish species diversity −0.021 (0.207) 0.320** (0.158) 0.011 (0.210) 0.296* (0.156) 
One level decline fish species diversity 0.293* (0.161) 0.201* (0.114) 0.297* (0.164) 0.193* (0.112) 
Two level decline fish species diversity −0.519** (0.259) −0.909*** (0.215) −0.532** (0.251) −0.905*** (0.211) 
Three level decline fish species diversity −1.026** (0.492) −0.813*** (0.303) −1.120** (0.496) −0.772*** (0.299) 
One level decline water clarity 0.706*** (0.186) 0.782*** (0.123) 0.732*** (0.186) 0.753*** (0.117) 
Two level decline water clarity −0.710*** (0.211) −0.376*** (0.131) −0.738*** (0.195) −0.369*** (0.129) 
Three level decline water clarity −1.119*** (0.378) −1.961*** (0.337) −1.091*** (0.355) −1.822*** (0.318) 
One level decline presence of turtles 0.094 (0.196) −0.161 (0.127) 0.108 (0.183) −0.147 (0.124) 
Mitigation cost −0.025*** (0.005) −0.026*** (0.003) −0.046*** (0.011) −0.031*** (0.004) 
Visualization effects     
ASC × Medium relief −0.597* (0.339) −0.626*** (0.228) −0.552* (0.330) −0.563** (0.220) 
ASC × High relief 0.094 (0.369) 0.156 (0.241) 0.090 (0.352) 0.152 (0.238) 
ASC × Base photo two 0.027 (0.367) 0.549** (0.277) −0.001 (0.362) 0.539** (0.271) 
ASC × Base photo three −0.213 (0.319) −0.232 (0.227) −0.206 (0.333) −0.197 (0.224) 
ASC × Base photo four −0.305 (0.325) −0.257 (0.226) −0.316 (0.338) −0.211 (0.223) 
Interaction effects     
Mitigation cost × climate action   0.023** (0.009) 0.006* (0.003) 
Mitigation cost × high income   −0.002 (0.003) 0.004** (0.002) 
Standard deviations of random terms     
ASC 4.388*** (0.889) 2.571*** (0.311) 4.407*** (0.750) 2.457*** (0.285) 
No change coral health 0.571 (0.557) 0.153 (0.328) 0.731 (0.529) 0.171 (0.317) 
One level decline coral health 0.307 (0.534) 0.393 (0.383) 0.209 (0.476) 0.443 (0.318) 
Two level decline coral health 0.251 (1.753) 0.308 (0.420) 0.293 (0.876) 0.305 (0.399) 
Three level decline coral health 0.020 (0.557) 0.587 (0.696) 0.025 (0.532) 0.566 (0.754) 
No change coral cover 0.727 (0.447) 0.047 (0.339) 0.680 (0.509) 0.050 (0.346) 
One level decline coral cover 0.049 (0.433) 0.375 (0.277) 0.040 (0.433) 0.315 (0.293) 
Two level decline coral cover 0.761 (0.859) 0.496 (0.449) 0.573 (0.731) 0.479 (0.442) 
Three level decline coral cover 1.142 (1.071) 0.008 (0.369) 1.081 (0.899) 0.043 (0.392) 
No change fish number 0.166 (0.489) 0.692* (0.358) 0.019 (0.712) 0.710* (0.383) 
One level decline fish number 0.059 (1.874) 0.383 (0.314) 0.151 (0.617) 0.274 (0.384) 
Two level decline fish number 0.033 (0.621) 0.501 (0.405) 0.050 (0.526) 0.422 (0.394) 
Three level decline fish number 0.158 (0.808) 1.622*** (0.436) 0.318 (0.636) 1.541*** (0.413) 
No change fish species diversity 0.239 (0.781) 0.931*** (0.276) 0.536 (0.534) 0.940*** (0.269) 
One level decline fish species diversity 0.019 (0.371) 0.008 (0.341) 0.049 (0.392) 0.012 (0.320) 
Two level decline fish species diversity 0.926 (0.595) 0.891** (0.356) 0.858 (0.538) 0.868** (0.341) 
Three level decline fish species diversity 2.239*** (0.696) 1.017* (0.522) 2.297*** (0.653) 0.921 (0.586) 
One level decline water clarity 0.131 (0.463) 0.275 (0.300) 0.212 (0.556) 0.198 (0.334) 
Two level decline water clarity 0.825** (0.363) 0.343 (0.346) 0.886*** (0.342) 0.327 (0.394) 
Three level decline water clarity 0.754 (0.611) 1.448*** (0.344) 0.476 (0.634) 1.328*** (0.334) 
One level decline presence of turtles 0.917 (0.614) 0.328 (0.220) 1.028** (0.490) 0.292 (0.223) 
Summary statistics     
Log-likelihood −923 −1,650 −915 −1,623 
Pseudo-R2 0.530 0.558 0.530 0.560 
AIC 1,943 3,397 1,931 3,345 
Observations 2,832 5,382 2,808 5,316 
Number of respondents 472 897 468 886 

Notes: 
***, **, *: Significance at 1%, 5%, 10% level, respectively. Standard errors are presented in parentheses. 
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