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a b s t r a c t
The economic value of water quality is poorly understood in Hawaii. Quantifying the economic value of coastal
water quality would inform policy decisions that impact the coast and help justify expenditures in water quality
improvements. We conducted a non-market valuation of beach recreationalists’ preferences and willingness to
pay for water quality and associated attributes at Oahu beaches. Using a discrete choice experiment analyzed
by a conditional logit model, results suggest individuals were willing to pay $11.43 per day at the beach to reduce
days of bacterial exceedance from 11 to 5 per year, a further $30.72 to reduce it to no bacterial exceedances at all.
WTP to move from 15 ft to 30 ft of underwater visibility was $35.71, a further $14.80 to increase from 30 ft to 60 ft.
Respondents were also willing to pay $15.33 to improve coral reef cover from 10% to 25%, a further $4.89 to improve to 45% cover. WTP for moving from 9 ﬁsh species to 18 species was $7.14, a further $2.47 to increase that to
27 ﬁsh species. These environmental improvements can improve Oahu recreationalists’ welfare by $205 million,
$550 million, $639 million, $265 million, $274 million, $88 million, $128 million, and $44 million per year, respectively. Welfare gains may justify increased spending in management and restoration of coastal ecosystems.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Land-based pollution and other human activities degrade coastal
water quality worldwide (Ahn et al., 2005; Biao et al., 2004; Morrice
et al., 2008; Re et al., 2011; Tsatsaros et al., 2013). Yet coastal water quality is also the basis for a host of economic activities important to society
and local economies, including tourism, coastal recreation, ﬁsheries, and
property values. It is also critical to the habitat of many marine species
(Freeman, 1982, 1995). Water quality degradation presents real and serious costs to the environment and human welfare (Kreitler et al., 2013;
Verhougstraete et al., 2010; Vesterinen et al., 2010), and coastal water
quality problems in destinations important for beach tourism could
threaten an industry contributing $6.3 trillion to the global GDP in
2011 (Houston, 2013).
As a place where the economy and local wellbeing is tightly associated with coastal environments, Hawai'i illustrates some of these challenges (Paul et al., 1997; Ringuet, 2003). In this paper, we value the
economic beneﬁts of improving the water quality (measured by bacteria and visibility) and associated environmental attributes of the coastal
zone. We analyze a choice experiment using multinomial logistical
regressions to derive beach recreationalists' preferences along with
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willingness to pay (WTP) for environmental attributes at varying levels
of quality. Strongest preferences were found for water clarity and quality, with WTP increasing at different rates. This information can be used
to help set policy management priorities.
The remainder of this paper proceeds as follows. We provide background on the coastal water quality problem in Hawai'i, describe the
non-market valuation methods we used, present results from a survey
administered to 263 people recreating on the beaches of the island of
Oahu, and discuss the implications for management.
1.1. Coastal Water Quality Problems in Hawaii
Coastal water quality issues are common in Hawai'i. Across the state,
302 bacterial exceedances occurred in 2009 (Environmental Protection
Agency, 2010b), a situation where bacteria levels are considered unsafe
per US EPA guidelines (Environmental Protection Agency, 2004). In
such events, the state Department of Health may issue advisories or
even close beaches to certain activities. Swimming and ﬁshing may no
longer be permitted, shellﬁsh may be contaminated, and marine habitat
could become inhospitable for other species (Kakesako, 2013; Magin,
2006; Schaefers, 2011). Limited sampling in 2012 resulted in a six-day
closure of most Waikiki-area beaches — perhaps some of the most popular beaches in the world (Environmental Protection Agency, 2013). Expanded sampling would likely have closed more beaches and for a
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longer period (Cocke, 2012). More recently in 2015, Waikiki and other
South Shore beaches were closed following a storm event that
overloaded stormwater runoff systems and lead to a large-scale sewage
spill (Davis, 2015; Solomon, 2015; Uyeno, 2015).
The BEACH Act (2000) enacted new pathogen control and reporting
requirements for coastal waters (Environmental Protection Agency,
2012). State governments comply by making monitoring records and
notices of pathogen exceedances available to the public. The Hawai'i Department of Health collects data including temperature, salinity, Enterococcus, Clostridium perfringens, turbidity, pH, and dissolved oxygen. Yet
data describing the full extent of coastal water quality problems in
Hawai'i are scarce. Statewide water quality monitoring is constrained
by a lack of funding and is largely compliance- and complaint-driven.
The Hawai'i Department of Health is responsible for the monitoring of
some 723 miles of coastline statewide. As of 2012, 290 miles of coast
across all eight main Hawaiian Islands had been assessed at least once
(State of Hawai'i Environmental Health Administration, 2012).
1.2. Causes of Land Based Coastal Pollution in Hawaii
In Hawai'i, point source pollution such as sewage discharges (Glenn
et al., 2012; Laws et al., 2004) and cesspools (Whittier and El-Kadi,
2014; Whittier et al., 2009) and non-point source pollution such as agricultural runoff (De Carlo et al., 2004) and urban efﬂuents (Andrews and
Sutherland, 2004) all contribute to coastal water quality degradation.
Point sources include sewage outfalls, injection wells, and cesspools.
Sewage discharge has introduced fecal-oral viral pathogens in Mamala
Bay, O'ahu (which includes Waikiki and surrounding beaches) that
may have led to gastrointestinal, respiratory, and eye, nose, ear, and
skin infections for individuals coming into contact with contaminated
waters (Grifﬁn et al., 2003). Injection wells pump treated sewage underground as a method of disposal, but the wastewater may eventually
seep into coastal waters further downstream (Koizumi, 1966; Peterson
and Oberdorfer, 1985; Whittier and El-Kadi, 2014). Along with wastewater, nutrients and pharmaceuticals are also being introduced to
coastal waters because of poor sewage disposal practices (Atkinson et
al., 2003; Dailer et al., 2010; Mokiao-Lee, 2012). A cesspool tank or pit
holding untreated human waste can contaminate ground water, drinking water, and coastal waters with pathogens, nutrients, and other substances (State of Hawai'i Department of Health Wastewater Branch,
2015). Hawai'i leads the nation in cesspools, with the dubious distinction of being the only state that still allowed new construction up
until 2016 (Givens, 2014). The state recently banned construction of
new cesspools (Hawai'i State Department of Health, 2015), but only a
temporary tax credit to incentivize upgrading cesspools to septic has
been enacted by the state legislature (The Maui News, 2015).
Non-point sources of pollution include agricultural runoff and urban
runoff. Toxic chemicals, such as lead, zinc, and copper from urban areas
(Andrews and Sutherland, 2004) and arsenic and cadmium from agricultural zones (De Carlo et al., 2004), pollute Hawaii's nearshore environments. Poor agricultural and land use practices have caused
sediment plumes after storm events, which severely reduce visibility
and damage nearshore ecosystems (Oki and Brasher, 2003). Many sediments are also loaded with chemicals and pathogens (Oki and Brasher,
2003). Feral ungulates compound the problem by disturbing vegetation
and soil, thereby increasing erosion and sedimentation (Dunkell et al.,
2011; Ragosta et al., 2010). The fecal matter produced by these feral animals also contributes to bacterial contamination of the coast.
1.3. Impacts of Poor Coastal Water Quality
Poor water quality can have direct impacts on human wellbeing. For
human health, bacterial exceedance increases the risks of infections
amongst swimmers, surfers, body boarders, and any other people participating in an activity that involves contact with water. In terms of aesthetics, algae blooms and brown water plumes severely impact the

ability of recreationalists to see underwater, degrade water views
from coastal homes and hotel accommodations, and are generally unpleasant. Snorkelers and divers are especially impacted when visibility
is reduced by sediments and other land-based pollutants in the water.
Stand-up paddle boarders and boaters may experience pollution and
sedimentation as aesthetically unpleasing or hazardous and be deterred
from paddling out.
Ecologically, land-based pollutants generally degrade the quality of
coastal waters and marine habitats and negatively impact species in
those areas. Poor water quality can lead to coral disease and reduced
coral recruitment, which in turn reduces coral cover and available habitat for ﬁsh (Fabricius, 2005). These ecological consequences have indirect impacts on human wellbeing, as snorkelers and divers enjoy seeing
healthy marine environments (Grafeld et al., 2016).
While anyone using Hawai'i's beaches may be affected by poor
water quality, a major concern is the potential impact on tourism, one
of the largest sectors of the economy in Hawaii. Generating $15 billion
annually, Hawai'i is a leading tourism destination globally (Hawai'i
Tourism Authority, 2015). A major draw for visitors to Hawai'i is
beach-related recreational activities. If erstwhile Hawai'i visitors substitute another destination with more pristine coastal conditions, there
may be negative effects from decreased consumer spending, tax receipts, revenue for local businesses, and employment. The result is declining economic welfare across the state.
1.4. Study Aim
Changes in water quality can have serious economic consequences,
and few if any studies have explored the non-market value of water
quality and associated environmental condition changes in Hawai'i. As
a result of this gap in knowledge, public policy formulation related to
coastal pollution is ill-informed and potentially suboptimal. This study
aims to inform policy in Hawai'i by estimating the potential beneﬁts of
improvements in coastal water quality and associated ecological conditions. Beach conditions are important for the beneﬁts that beach users
derive, but because beaches and coasts are open access in Hawai'i,
there is no formal market mechanism that we can use to estimate the
relative value of different conditions. Instead, we turn to non-market
valuation methods – speciﬁcally a discrete choice experiment – to discover consumer preferences for coastal water and ecological quality.
In this way, we can quantify an environmental good which may otherwise be ignored in traditional decision making.
2. Methods
2.1. Non-market Valuation
The economic value of goods and services not traded in conventional
markets can be assessed by non-market valuation. The most commonly
used non-market valuation methods in beach valuation studies are contingent valuation (Bell and Leeworthy, 1990; Binkley and Hanemann,
1978; Bishop et al., 2011; Logar and van den Bergh, 2012), travel cost
(Ariza et al., 2012; Lew and Larson, 2005; Moncur, 1975; Parsons et
al., 2009), and choice experiments (Beharry-Borg and Scarpa, 2010;
Huang et al., 2007; Loomis and Santiago, 2013). Comparing statedchoice methods (Loomis and Santiago, 2013), and combining stated
and revealed preference data can conﬁrm validity (Cameron, 1992;
Huang et al., 1997).
The choice experiment is a stated preference method. Respondents
are given multiple choices and forced to make trade-offs between them,
revealing the marginal utility for speciﬁc attributes, which makes it useful
in determining the value of multiple characteristics and their relative importance to participants (King and Mazzotta, 2000). Some have suggested
choice experiments as a superior valuation method to contingent valuation (Hanley, 2002), but the method is more cognitively burdensome
for participants (Hanley, 2002) because the same question is asked
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Table 1
Mean percentage of people (n = 263) undertaking each beach activity by region.

All beaches
North shore
South shore
Waianae coast
Windward coast

Enter water

Swim

Surf

Body board

Stand-up paddle

Boat

Snorkel

Dive

88.8%
87.5%
90.4%
87.5%
77.8%

87.3%
71.9%
90.4%
87.5%
83.3%

12.8%
15.6%
10.7%
16.7%
22.2%

8.8%
9.4%
5.7%
8.3%
38.9%

11.6%
12.5%
9.6%
12.5%
27.8%

4.4%
9.4%
2.3%
0.00%
22.2%

21.1%
18.8%
20.3%
16.7%
38.9%

3.6%
3.1%
2.3%
4.2%
16.7%

multiple times (Petrolia and Interis, 2013), though good design can help
comprehension (Carson and Louviere, 2011).
Coastal recreation can be valued in two ways, either by speciﬁc activity type (e.g., swimming, boating, ﬁshing, etc.) (Freeman, 1982, 1995,
2003), or as one aggregated willingness to pay for beaches and their associated activities. Beach valuation studies have commonly estimated
recreational use values. Studies focus on beach users' preferences for
beach attributes such as congestion (Logar and van den Bergh, 2012),
water quality (Beharry-Borg and Scarpa, 2010; Dharmaratne and
Brathwaite, 1998; Logar and van den Bergh, 2012), erosion (Huang et
al., 2007; Logar and van den Bergh, 2012; Shivlani et al., 2003;
Whitehead et al., 2008), or for the beach in general (Blakemore and
Williams, 2008; Dixon et al., 2012; Oh et al., 2008). Many studies
(Ariza et al., 2012; Beharry-Borg and Scarpa, 2010; Dharmaratne and
Brathwaite, 1998; Lew and Larson, 2005), though not all (Bell and
Leeworthy, 1990; Loomis and Santiago, 2013) deal with water quality.
Some focus on issues like wastewater (Kontogianni et al., 2003), others

focus on speciﬁc activities such as snorkeling (Cesar and Beukering,
2004; Cesar et al., 2002), and some estimate a total economic value
(Bishop et al., 2011) but do not have a value for recreation that can be
disaggregated.
2.2. Survey
Our survey consisted of a section on socioeconomics and attitudes
then a choice experiment. Socioeconomic data collected included residency, mode of transportation, time in transit to beach, primary purpose
of the trip, frequency of visit, size of group, and annual income range.
Participants were asked to provide a background of their activities at
the beach, which was useful for segregating groups of respondents
who may have vastly different preferences, such as those between snorkelers and non-snorkelers for water clarity (Beharry-Borg and Scarpa,
2010). Participants were also asked about the length of their stay at
the beach and perceptions of beach quality. We gauged attitudes by

Fig. 1. Survey sites and number of surveys administered at lifeguarded beaches on Oahu. The size of the dot represents the number of surveys conducted, which were proportional to
annual attendance (see Table SI-1).
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posing a series of questions, and we asked two questions (“I will not
enter the water if bacteria is over the safe limit” and “I judge how
clean the water is by how clear it is”) to determine if respondents conﬂated water quality and clarity.
Our sampling strategy distributed sampling according to beach visitation rates derived from data collected by the City and County of Honolulu at lifeguard-protected beaches (City and County of Honolulu, 2014)
(Table 1). We walked up to potential respondents on the beach and
asked them to participate. The distribution of surveys across O'ahu
beaches is presented in Fig. 1.
2.3. Choice Experiment Design
We designed a ﬁve-attribute survey (Figure 2). Our focus was on
water quality and associated ecological impacts, and attributes were

chosen for their relevance to Hawai'i beach users: water quality (bacteria), water clarity, coral cover, and ﬁsh diversity. In each of the ﬁrst four
attributes except for water quality, the three levels were determined by
biological data with input from state health, conservation ofﬁcials, and
University of Hawai'i researchers. For water quality, we used
Department of Health data to determine annual probabilities of water
quality exceedances. Alternate choices from the base level were designed with differences that the average recreationalist was able to perceive. The ﬁfth attribute was the bid, which had eight levels based on
pre-tests with a payment card at a representative sample of O'ahu
beaches.
An optimal set of 1458 combinations of attributes was derived from
the full factorial design of (35·8 = 1458) using SSI Web 7.0 (Sawtooth
Software, 2011). The minimum number of surveys required was 225.
All attributes except for the bid amount were represented by photos,

Fig. 2. Low, moderate, and high attribute levels presented as a choice scenario from the survey instrument. Each survey had eight choice scenarios where participants were confronted with
a unique choice of one of three beaches to visit. In all cases, the base condition attributes were “Low”, as above, representing the typical beach in Oahu. The two alternatives presented
randomly selected levels for all ﬁve attributes that spanned low, moderate, and high, and all non-zero payment levels.

M. Peng, K.L.L. Oleson Ecological Economics 136 (2017) 41–52

which were created using Photoshop and vetted by subject matter experts for accurate representation of ecological conditions.
Respondents were presented one of ten versions of the survey instrument, each of which had eight choice scenarios. Participants were
then asked to choose between three beaches with hypothetical conditions. In all cases, the base beach was the same: 11 days per year with
water quality events, 15 ft. visibility, 10% coral cover on the ocean
ﬂoor, and 9 species of ﬁsh. State conservation ofﬁcials and University
of Hawai'i researchers conﬁrmed the reasonableness of these conditions
for Oahu, where the coastal environment is degraded compared to other
islands. The conditions at the two alternate beaches were randomized
and differentiated from the base level and randomly assigned a nonzero bid amount. More information on the levels is provided below.
Water quality
We estimated bacteriological exceedance rates from DOH data and
EPA water quality standards. We downloaded data reported by DOH
to the EPA under the BEACH Act and compared those to the EPA standards (Table 2) to determine the number of O'ahu water quality events.
On average, beaches exceeded these levels 11 days per year (2006–
2012), which we used as the baseline in our choice experiment.
2.3.1. Water Clarity
Water clarity is deﬁned as visibility underwater. Clearer water has
less sediment and pollutants present that impair visibility. The Hawaiian Institute of Marine Biology includes clarity as part of their monitoring indicators (Jokiel et al., 2001), and describes visibility between 50 ft
to about 85 ft in their statewide assessment reports (Brown, 1998). Expert interviews at the state Department of Land and Natural Resources,
Division of Aquatic Resources, set visibility of 2 ft to be poor, 10 ft to be
moderate, 30 ft to be good, and 50 ft to be excellent. According to feedback from snorkelers and divers in interviews, the distance that made a
“signiﬁcant difference” in visibility was 25 ft, below which they felt it
was too low to see anything, while over 25 ft was generally acceptable.
In our survey 15, 30, and 60 ft represented perceptible differences for
respondents.
2.3.2. Coral Cover
We categorized levels according to percentage coral cover on the
ocean ﬂoor. Statewide, coral cover averages 22% (Hawai'i Coral Reef
Assessment & Monitoring Program, 2008b). On Oahu, Hanauma Bay (a
Marine Protected Area) average coral cover is 12% (Hawai'i Coral Reef

45

Assessment and Monitoring Program, 2011a), and elsewhere on O'ahu
reefs have a low of 5% and a high of 46% (Hawai'i Coral Reef
Assessment and Monitoring Program, 2011b). In our survey, 10%, 25%,
and 45% represented ecologically valid, distinct differences that respondents could clearly perceive.

2.3.3. Fish Diversity
We deﬁne ﬁsh diversity as the number of species found during a species count at a particular location. On Oahu, the Hanauma Bay protected
area had an average of 27 species, and Waikiki had 8.8 species (Coral
Reef Assessment and Monitoring Program, 2008a). In our survey, 9,
18, and 27 species represented ecologically grounded, perceptible differences for respondents.

2.3.4. Payment Vehicle
The payment vehicle was an additional cost to move from the
base beach to a superior beach. This design avoided the issue of protest bids, as no fee is collected. All beaches in Hawai'i are open access,
and no user fees are charged. A pilot test was conducted on O'ahu
beaches interviewing recreationalists on the beach on what they
considered reasonable prices to travel to an alternative beach
where attributes are better. From these results we determined
eight price points ($0, $2, $5, $10, $20, $50, $75, and $100). A typical
question included a $0 bid to stay at the base beach and two randomized bids to move to an alternative.
Our method set a base condition where attributes were at their lowest levels while also having a $0 price. Respondents then chose between
that option or superior alternative conditions. This can be compared to
an approach allowing all conditions to ﬂuctuate, including the base. Although statistically less efﬁcient (Loomis and Santiago, 2013), our approach is common and justiﬁed by a sense of realism (Boyle et al.,
1993; Johnston et al., 2011; Loomis and Ng, 2012). It also reduces the
cognitive burden on respondents, as the base condition is repeated in
each choice.
To assess whether the base condition matched perceived reality,
after being presented with the choice scenario of which beach
to visit, participants were asked to identify water quality, clarity,
coral, and ﬁsh characteristics of the site where they were
interviewed.

Table 2
Comparison of conditional and mixed logit model results.
Conditional logit
n
Attribute
Water quality

Mixed logit

263
Coef.

P N |z|

263
Coef.

SE

SD Coef.

SE

P N |z|

5 days over safe limit
Always within safe limit

0.33
1.22

0.09
0.09

0.00
0.00

0.59
1.44

0.27
1.05

0.11
0.13

0.00
0.00

30 ft.
60 ft.

1.03
1.43

0.09
0.09

0.00
0.00

1.18
1.50

0.01
1.03

0.11
0.13

0.00
0.00

25%
45%

0.45
0.59

0.09
0.09

0.00
0.00

0.53
0.72

0.39
0.77

0.10
0.13

0.00
0.00

Medium
High

0.21
0.25
−0.03
0.31
0.62
0.91
−2571.02
5246.49
5166.05
5166.09

0.09
0.09
0.00
0.06
0.38
0.43

0.02
0.01
0.00
0.00
0.10
0.04

0.41
0.48
−0.04
0.22

0.52
0.44

0.11
0.10
0.00
0.07

0.00
0.00
0.00
0.00

Water clarity

Coral reef cover

Fish diversity

Price
ASC
Water clarity (60 ft) × Diver
Fish diversity (High) × Diver
Log likelihood
BIC
AIC
AICc

0.52

−1431.96
3029.28
2901.91
2901.95

We also estimated a latent class model, but did not make use of those results. While several classes can be estimated, the vast majority of respondents were always grouped together,
revealing very little about preferences and suggesting preferences are largely homogenous.

46

M. Peng, K.L.L. Oleson Ecological Economics 136 (2017) 41–52

(17,894,730 person days/year in 2013) by the per person WTP amount
for an attribute improvement.

2.4. Model Selection and Analysis
Random Utility Theory (McFadden, 1974) deﬁnes utility as the combination of a rational choice and a random one. The conditional logit
model (McFadden, 1974) assumes the choice is solely rational, while
the mixed logit model incorporates the randomness into the assumption. Conditional logits are often used and assume ﬁxed effects where
the respondent choice is completely reﬂected in the coefﬁcients, whereas a mixed logit model is a more robust design. In a mixed logit, random
effects can be incorporated (Hoyos, 2010) and the model is not
constrained by the distribution of its errors (Train, 2003). The latent
class analysis, a variation of the mixed logit model, breaks the respondent population into groups or classes to highlight homogeneous
preferences.
Using STATA (StataCorp, 2013), we estimated three types of models:
conditional logit, mixed logit, and latent class logit. The latent class
model is implemented as gllamm (Rabe-Hesketh and Skrondal, 2012)
and as lclogit (Paciﬁco, 2012) in STATA (Hole, 2013). The ultimate results were determined by a conditional logit model, chosen based on
characteristics of the sample population (preference homogeneity).
This choice is justiﬁed in the Results section.
The random utility model is described as:
U nj ¼ V nj þ εnj

ð1Þ

where n devotes the decision maker, j is the alternative chosen, Vnj is a
function of observable attributes, and εnj is random and unknown. Assuming errors follow an IID type I extreme value distribution, we have
the conditional logit probability:
Pni ¼

expðσ n V ni Þ


exp σ n V nj

ð2Þ

J
∑ j¼1

where n devotes the decision maker, i is the alternative chosen, and implemented in STATA as clogit. The mixed logit choice probability is described as:

∫

Pni ¼

 0 
exp x ni β

 f ðβjθÞdβ
J
∑ j¼1 exp x0 nj β

ð3Þ

where f (β | θ) is the density function of β, implemented in STATA as
mixlogit (Hole, 2007). The mixed logit model allows for errors that do
not follow the IIA property. A variation of the mixed logit model is the
latent class model, which allows for the assumption that coefﬁcients
in the model are non-continuous. We make use of the model:

 3ynjt
exp x0njt βq

5
Sn ¼ ∑ Hnq ∏ ∏ 4 J
0
q¼1
t¼1 j¼1 ∑
j¼1 exp xnjt β q
2

Q

J

T

ð4Þ

The probably of belonging to class q is described as:
Hnq ¼



exp z0n γQ


Q
∑q¼1 exp z0n γQ

ð5Þ

where γQ = 0, and the log-likelihood for the model being:

 3ynjt 9
>
=
exp x0njt βq

5
Sn ¼ ∑ ln ∑ H nq ∏ ∏ 4 J
>
>
0
n¼1
t¼1 j¼1 ∑
:q¼1
;
j¼1 exp xnjt β q
N

8
>
<

2

Q

T

J

ð6Þ

2.5. Welfare Change Estimate
To determine aggregate values for welfare changes in society as a
whole, we multiply the most current annual O'ahu beach attendance

3. Results
A total of 263 successful in-person interviews were conducted
between June to November 2014, distributed across beaches in proportion to visitation statistics. The refusal rate was 11% (Table 1).
Results suggest recreationalists are by far most interested in having
water clarity at least at medium level, and were interested in
moving to a high level of visibility at a slighter lower rate (slope).
At a close second, participants were interested in removing all
days of water quality events from 11 days to 5 days, then to none altogether along a fairly linear demand curve. Recreationalists also
prefer higher levels of coral cover and ﬁsh diversity, but at a level
much less then water quality or clarity. Participants are willing to
pay little for improving beyond the medium levels for both
attributes.

3.1. Recreationalist Sample
In total, 59% of respondents were female, 41% were male. Amongst
all respondents, 62% were Hawai'i residents, and of the 38% visiting,
78% were from the US, 8% from Australia, 5% from Canada, and 3%
from Japan. Nearly a quarter (24%) of respondents had an annual income of $24,999 or less, 23% earned between $25,000–$49,999, 20%
$50,000–$74,999, 13% $75,000–$99,999, 5% $100,000–$124,999, 5%
$125,000–$149,999, and 8% $150,000 or more. Participants had on average 2.8 persons in their party and spent 216 min on the beach. We did
not attempt to ascertain trip frequency (Loomis, 2007) amongst
respondents.
Respondents participated in a variety of recreational activities, including swimming, surﬁng, body boarding, stand-up paddling, boating,
snorkeling, or diving. Activities at the windward beaches were different
than all the other beaches (Table 1). At all beaches combined, 11% of
participants did not enter the water. Of the remaining 89% of respondents who entered the water, 87% went swimming, 13% surﬁng, 9%
body boarding, 12% stand-up paddling, 4% boating, 21% snorkeling,
and 4% diving, while 14% took part in some other activity. Windward
beaches had higher participation for all activities outside of only entering the water and swimming.
Participants held attitudes that generally valued water quality a
great deal and supported government initiatives in protecting the coastal zone from anthropogenic damage. While over 80% of respondents
agreed or strongly agreed that they would not enter the water if the bacterial levels are over the safe limit, 60% of respondents then went on to
agree or strongly agree that they judge water cleanliness using the
proxy of clarity. Over 95% of respondents agreed or strongly agreed
that coastal resources should be protected for future generations and
that remote areas should be protected, while slightly fewer people
(90%) agreed or strongly agreed with government initiatives to protect
coastal waters.
For each of the water quality, clarity, coral, and ﬁsh characteristics, participants were asked to select if actual conditions they observed corresponded to the “base” assumptions we made about
O'ahu beaches (high chance of bacterial exceedance, low visibility,
low coral cover, and low ﬁsh diversity). For most participants, our
base conditions matched what they observed that day. Waikiki and
Ala Moana beaches, where the vast majority of respondents were
interviewed, were perceived to be very close to the baseline assumption. Parts of North Shore and the Waianae coast reported slightly
better conditions then the baseline. Overall, 75.3% agreed with
15 ft. visibility, 78.3% agreed with 10% coral cover, and 84.0% agreed
with low ﬁsh diversity (9 species or less).
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3.2. Model Results
3.2.1. Model Fit
We ﬁt various multinomial logistical regression models: conditional
logit with an alternative speciﬁc constant (ASC), mixed logit, and latent
class logit. Model selection was based on BIC, AIC, and AICc values. We
deemed the latent class logit model unsuitable, however, in describing
the data. Regardless of the number of classes estimated, the class split
always consisted of one very large group that described over 75% of respondents. When examined closely, even with multiple classes, the
groups' preferences were largely homogenous with the same signiﬁcant
independent variables. The conditional logit model was determined to
be the best choice, given the relative homogeneity of the preferences
and possibility of a status quo bias.
3.2.2. Multinomial Model Results
As expected, the multinomial logit (MNL) model (Table 2) had negative and signiﬁcant bids indicative of a downward sloping demand
curve. For the sample as a whole, all other explanatory variables had
positive coefﬁcients and were also signiﬁcant as indicated by a P N |z|
of less than 0.05 for O'ahu as a whole. A small proportion (14.8%) of respondents chose the base condition, while 85.2% picked one of the improved beaches.
The strongest preference exhibited by recreationalists was to move
from medium (30 ft. visibility) to high (60 ft. visibility) water clarity
(coeff: 1.43). Moving from poor water clarity (15 ft. visibility) to medium (30 ft. visibility) was also strong (coeff: 1.03). Water quality was the
next highest ranking attribute. Preferences for moving from 11 days of
water quality events to 5 days (coeff: 0.33) was moderate, and moving
to eliminate water quality events altogether (coeff: 1.22) was stronger.
Preferences for coral cover and ﬁsh diversity lagged behind water quality and clarity. Both had much lower coefﬁcients for moving from low
(10% cover, 9 species) to medium levels (25% cover, 18 species), and
only marginal increases when moving from medium (25% cover, 18
species) to high levels (45% cover, 27 species).
3.2.3. Interaction Effects
Our MNL model is based on whether respondents agree to pay some
cost to visit a location where water attributes are improved. We tested

Table 3
Notable signiﬁcant interactions between respondent activity, opinion, socioeconomic data, and independent variables. Negative interaction effect highlighted in italics, positive interaction effect in roman.
Interaction effects

Coeff

se

P N |z|

Activity
Enter water × Fish 1
Body board × WC1
Body board × WC2
Stand-up paddle × WC2
Stand-up paddle × Coral 2
Boat × WQ2
Boat × WC2
Dive × WC2

−0.530
0.707
0.656
0.585
−0.629
1.296
1.101
1.057

0.266
0.307
0.313
0.275
0.281
0.511
0.508
0.488

0.046
0.021
0.036
0.034
0.025
0.011
0.03
0.03

I judge how clean the water is by how clear it is
Disagree × WQ1
−1.69
Disagree × WQ2
−1.92
Neutral × WQ1
−1.57
Neutral × WQ2
−1.69
Disagree × WC1
1.661
Neutral × WC1
1.531
Agree × WC1
2.091
Agree × WC2
1.603
Strongly agree × WC1
1.649

0.772
0.779
0.769
0.776
0.766
0.764
0.751
0.787
0.775

0.028
0.014
0.041
0.03
0.03
0.045
0.005
0.042
0.033

Education
College × WC1

0.212

0.02

0.492
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interactions between variables using different conditional logit models.
Positive interactions indicate the two variables together led to the respondent agreeing to pay more for an improvement in water attributes.
A negative interaction term means that the two variables together led to
the respondent to pay less for an improvement in water attributes. The
positive or negative sign of the interaction term is found in the coefﬁcient, and deemed signiﬁcant when P N | z| is less than 0.05 (Table 3).
We had a number of hypotheses for some expected interactions, such
as divers preferring high levels of water clarity. Other interactions
were found by interacting the independent variables and socioeconomic background data together.
3.2.4. Willingness to Pay
Using the coefﬁcients for each of the attributes and levels (Table 2),
we estimated marginal WTP values for moving from the baseline “low”
levels of water quality, water clarity, coral reef cover, and ﬁsh diversity
(Table 4). On average, across all beaches surveyed, participants were
willing to pay $11.43 to reduce days of bacterial exceedance from 11
to 5 per year, and a further $30.72 to reduce it to no bacterial
exceedances at all. WTP to move from 15 ft. to 30 ft. of underwater visibility was $35.71, and a further $14.80 to increase from 30 ft. to 60 ft.
Respondents were willing to pay $15.33 to improve coral reef cover
from 10% to 25%, and a further $4.89 to improve to 45% cover. WTP for
moving from nine species in the environment to 18 species in terms
of ﬁsh diversity was $7.14, and a further $2.47 to increase that to 27
ﬁsh species. Willingness to pay values were highest for North Shore,
followed by Waikiki and Ala Moana in decreasing order. Non-residents
had slightly higher WTP than residents in water quality, clarity, and
coral cover Table 5).
4. Discussion
4.1. Context
This study's WTP results should be viewed in the context of Hawai'i's
tourism sector and its contributions to the economy. Over eight million
tourists visited Hawai'i in 2014, for a combined 75 million visitor-days
(Hawai'i Tourism Authority, 2015). Out-of-state Americans spent on average $182 a day, and Japanese nationals on average $257 a day (State of
Hawai'i Department of Business Economic Development and Tourism,
2014). Should these visitors decide not to travel to Hawai'i as a result
of coastal water contamination events, the economic impact could be
disastrous for the state economy where tourism comprised 29% ($15
billion) of the economic output in 2012 (State of Hawai'i, 2011). Many
of these visitors come to Hawai'i to go to the beach. A 2011 study
found that more than 80% of American visitors to Hawai'i participate
in beach-related recreational activities, more than 25% surf, over 50%
snorkel and dive, and 5% jet-ski and/or windsurf (Hawai'i Tourism
Authority, 2011). Over 50% of state park visitors enjoy the state's
beaches and coastal waters (Hawai'i Tourism Authority, 2007). In this
sense, Hawai'i is an example of tropical tourism-based economies
around the world that are dependent on their beaches to attract tourism
dollars. Recreationalists have been documented to prefer speciﬁc levels
of environmental conditions (Beharry-Borg and Scarpa, 2010; Gill et al.,
2015; Loomis and Santiago, 2013).
The study should also be viewed in the context of the importance of
beaches and the nearshore environment for the quality of life of local
residents, who spend signiﬁcant time at the beach. Coastal recreation
is an important part of life in Hawaii. Many people swim, surf, and bodyboard. Others boat, stand-up paddle, or paddle out on iconic outrigger
canoes. People ﬁsh from the shore, while other cultural practices take
place at local beach parks (ranging from family celebrations to traditional practices). The extensive recreational use of the coastal zone by the
resident population is deeply intertwined into local values and lives.
Hawai'i is an example of a global trend: coastal systems degrading
from local and global stressors. Around the world, coastal ecosystems
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Table 4
Conditional logit WTP values for all O'ahu beaches (and regions). Mean values highlighted in italics, followed by lower and upper bounds. “–” indicates non-signiﬁcant results. “–” indicates
a non-signiﬁcant coefﬁcient. 95% conﬁdence interval, variance estimated by delta method.
All O'ahu beaches

North Shore beaches

Ala Moana beaches

263
Mean

Lower

Upper

33
Mean

Lower

Upper

50
Mean

Lower

Upper

117
Mean

Lower

Upper

5 days over safe limit
Always within safe limit

$11.43
$42.15

$5.18
$35.93

$17.68
$48.36

–
$43.89

–
$27.13

–
$53.18

–
$38.86

–
$26.62

–
$51.10

$14.33
$44.73

$4.96
$35.25

$23.71
$54.21

30 ft.
60 ft.

$35.71
$50.51

$29.47
$43.90

$41.96
$57.13

$40.37
$49.76

$23.04
$31.62

$57.69
$67.91

$26.20
$37.99

$13.86
$25.37

$38.54
$50.60

$34.50
$49.84

$25.14
$39.92

$43.85
$59.76

$15.33
$20.22

$9.51
$13.93

$21.15
$26.50

$20.48
–

$4.59
–

$36.38
–

$12.43
$17.01

$0.54
$4.40

$24.32
$29.61

$14.08
$24.75

$5.35
$15.18

$22.82
$34.31

$7.14
$9.61

$1.24
$3.79

$13.04
$15.44

–
–

–
–

–
–

–
–

–
–

–
–

–
$10.49

–
$1.63

–
$19.35

n
Attribute

Waikiki beaches

Water quality

Water clarity

Coral reef cover
25%
45%
Fish diversity
Medium
High

are under severe threat from anthropogenic activities. In Hawai'i, landbased pollution takes a serious toll on the health of the coastal zone
(Dugan, 1977; Fabricius, 2005). What were previously forests, grasslands, and wetlands on many parts of the Main Hawaiian Islands have
since been transformed by humans into agricultural land laced with
pesticides (Knee et al., 2010) or urban and suburban subdivisions
leaching toxic chemicals and human waste (Andrews and Sutherland,
2004; Koizumi, 1966). These land-based pollutants enter coastal waters
in the form of point and non-source pollution (De Carlo et al., 2004; De
Carlo et al., 2007; Environmental Protection Agency, 2010a).
Finally, the study should be considered in the local policy context.
Coastal environmental degradation is a real and serious problem, and
while many government policies and management efforts are in place,
they are often underfunded and poorly resourced. A general lack of information to set policy priorities, set management budgets, or to devise
innovative conservation ﬁnance mechanisms underscores the need for
robust and defensible economic valuations. Local policy, including
Hawaii's Ocean Resources Management Plan (2013), recognizes the importance of a vibrant and healthy nearshore environment for local quality of life and visitor experience. In response to ever-increasing human
pressures on nearshore ecosystems (Ahn et al., 2005; Biao et al., 2004;
Morrice et al., 2008; Re et al., 2011; Tsatsaros et al., 2013), the plan
sets out broad management priorities to manage land and sea in an

integrated manner, preserve the ocean heritage, and promote collaboration and stewardship. The goals are expansive – ranging from minimizing the spread of invasive species to improving coral reef health to
preserving cultural heritage.

4.2. Implications
This study quantiﬁed the beneﬁts to recreationalists of improving
coastal water quality and associated ecosystems. Combining beach attendance, individual recreationalist WTP, and bacterial exceedance
data reveals insight into the gain in total consumer surplus from a reduction in frequency of water quality events. In 2012, based on
17,737,954 beach visitation days in 2013 derived from Honolulu lifeguard beach attendance records, recreationalists could have gained
$205 million in consumer surplus if the 84 days of water quality events
reported that year to the EPA were halved, and an additional $550 million if eliminated entirely. Improved (moving from low to medium)
water clarity is worth $639 million to recreationalists, and an additional
$265 million for further improvement (moving from medium to high).
Improved coral cover from 10% cover to 25% cover improves consumer
surplus by $274 million, and a further $88 million when cover is increased from 25% to 45%. Improved ﬁsh diversity from low to medium

Table 5
Conditional logit WTP values for O'ahu beaches by Hawai'i resident and non-resident. Mean values highlighted in italics, followed by lower and upper bounds. “–” indicates non-signiﬁcant
results.
All respondents

Hawai'i residents

Non-residents

n
Attribute

263
Mean

Lower

Upper

163
Mean

Lower

Upper

100
Mean

Lower

Upper

Water quality
5 days over safe limit
Always within safe limit

$11.43
$42.15

$5.18
$35.93

$17.68
$48.36

$9.32
$39.41

$0.82
$31.04

$17.82
$47.76

$13.78
$45.42

$4.55
$36.12

$23.01
$54.72

Water clarity
30 ft.
60 ft.

$35.71
$50.51

$29.47
$43.90

$41.96
$57.13

$33.23
$47.52

$24.90
$38.66

$41.56
$56.39

$38.70
$54.33

$29.25
$44.38

$48.15
$64.28

Coral reef cover
25%
45%

$15.33
$20.22

$9.51
$13.93

$21.15
$26.50

$13.68
$17.14

$5.92
$8.71

$21.44
$25.57

$17.58
$24.34

$8.78
$14.87

$26.38
$33.80

Fish diversity
Medium
High

$7.14
$9.61

$1.24
$3.79

$13.04
$15.44

–
$10.74

–
$2.84

–
$18.65

–
–

–
–

–
–
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diversity is worth $128 million, and a further $44 million when improved from medium to high.
Information on beach recreationalists' preferences and WTP can
be insightful for setting policy objectives. Assigning a monetary
value to non-market goods and services increases their visibility in
policy discussions. Without monetary value estimates, conventional
cost-beneﬁt type trade-off analyses neglect non-market services, to
the detriment of society as ecosystems are destroyed in favor of
other things which have more obvious market signals. With appropriate values placed on these natural resources, society is better
equipped to make optimal tradeoff decisions. For instance, in
Guam, a choice experiment revealed the beneﬁt to the economically
important dive sector from ﬁsheries management (Grafeld et al.,
2016).
WTP studies can also provide critical information to justify management responses and allocate budgets. The WTP results reveal the gain to
society from environmental improvements. In an era of scarce public resources, quantifying the social beneﬁt of environmental management
can help leverage budgets dedicated to preserving and restoring ecosystems crucial to the delivery of economically important ecosystem services. Information on social preferences can help reveal where,
speciﬁcally, to dedicate effort. The agencies responsible for meeting priority goals require information that can help them set priorities and allocate budgets. For example, in Hawai'i, the non-market value of forest
watersheds (Kaiser and Roumasset, 2002) and the non-market value
of coral reefs (Cesar and Van Beukering, 2004; Cesar et al., 2002) were
used to justify conservation efforts.
Finally, resource user WTP can be leveraged to ﬁnance conservation
and management, for instance, through user fees which capture the
consumer surplus and use it to deliver higher quality experiences.
Hanauma Bay on O'ahu is such an example where user fees were used
to fund conservation and control tourist access (Cesar and Van
Beukering, 2004; Moncur and Mak, 1998). Other options might include
a departure tax (Jensen and Wanhill, 2002) or voluntary donation
(Stithou and Scarpa, 2012) as employed in Palau, Europe, and elsewhere
around the world.
Our results demonstrate respondents clearly valued water clarity,
water quality, coral reef, and ﬁsh, in that order, with diminishing marginal utility except for water quality where no chance of bacteria was
greatly preferred. This implies that one focus of management should
be on water clarity, which is a function of land management and natural
processes (runoff as well as waves that churn up particles in the nearshore environment). The best conditions (visibility of 60 ft) may not
be possible everywhere, but reducing land-based source pollution
could improve conditions in many places.
Bacteriological water quality, however, is largely controlled by
humans – with anthropogenic degradation being the primary (and
often sole) driver of poor water quality. Speciﬁcally in Hawai'i, inadequate regulations of cesspools, aging infrastructure, and poor
choice of wastewater disposal sites (injection wells) continue to
cause water quality events. Not only is Hawai'i legally required to
meet EPA standards for wastewater disposal and nearshore water
quality, but it is in the state's best economic interest as well. Continued beach closures like the recent water quality events along the
South Shore (Davis, 2015; Solomon, 2015; Uyeno, 2015) not only
have serious impacts now, but may lead to fewer tourists over the
long term.
Ecological attributes (coral reef and ﬁsh) are of less, but still sizable,
concern to beach recreationalists. It is not completely surprising as
many beach users are not snorkeling or diving and do not necessarily
experience reefs and ﬁsh. Some respondents may have assumed that
by preferring water clarity and water quality, they would see associated
impacts on reef health and ﬁsh assemblages (Jarvis et al., 2016), or may
have felt that without water clarity, ecological variables didn't matter
because they wouldn't see them (i.e., preferences were based solely
on the resource's use value).
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4.3. Speciﬁc Results
The WTP values we found are in the same ballpark with other beach
and ocean attribute valuation studies (Beharry-Borg and Scarpa, 2010;
Loomis and Santiago, 2013; Whitehead et al., 2008) but more conservative than others (Gill et al., 2015), perhaps because this survey was not
directed towards a snorkeling or diving respondent population but rather generic beach users. In Trinidad and Tobago, Beharry-Borg and Scarpa
(2010) reported WTP of up to $35 for up to 60 ﬁsh, $50 for up to 45%
coral cover, and $40 for vertical visibility up to 10 m amongst snorkelers.
In Puerto Rico, Loomis and Santiago (2013) found WTP of $54 for improvements to water clarity by CVM and $51 by DCE. In Honduras, St.
Kitts & Nevis, and Barbados, Gill et al. (2015) estimated WTP of $84
for high ﬁsh abundance, $74 for moderate number of large ﬁsh, and
$66 for high number of large ﬁsh.
We found no classes in the latent class analysis – preferences across
respondents were relatively homogenous amongst socioeconomic
groups (similar preferences across income group, similar preferences
by residency, etc.). This implies that some interaction effects exist. Interaction testing conﬁrmed a number of hypotheses about beach users'
preferences, such as divers preferring high water clarity, but other ﬁndings were surprising, e.g., stand-up paddlers preferred not having a high
coral cover (perhaps because of the injuries they may sustain). Snorkelers were more similar to the average recreationalist than divers,
with no interaction effects to any attributes. The implication is that divers are much more concerned with water attributes then their more
casual snorkeling counterparts. Hypotheses that certain activities (snorkelers and divers) would prefer high levels of ecological (ﬁsh, coral)
properties did not bear out. Surprisingly, income did not interact with
any of the attributes, in any income bracket. No trends in interactions
were found between preferences and income, suggesting fairly uniform
preferences across socioeconomic backgrounds. Particularly surprising
is the similar WTP amongst residents and non-residents. The results
suggest that price discrimination where locals are asked to pay less environmental fees than non-residents to visit protected beaches (entrance to Hanauma Bay on O'ahu for example) may be unnecessary if
all recreationalists are willing to pay a similar amount.
We grouped beaches into regional groups and attempted to ascertain regional differences in WTP, and found that WTP is marginally
higher on the North Shore than Waikiki, with Ala Moana being the lowest. Only a limited number of attributes and levels were comparable, as
the smaller sample sizes resulted in many attributes becoming insignificant in the model. However, the pattern is generally consistent with the
rationale that as the North Shore is the most distant beach group for
most beach visitors, we expect WTP to be higher as these participants
have already incurred a large cost (time, transportation) to get there.
Waikiki having a higher WTP then Ala Moana is also consistent as the
two groups are made up of largely local residents and tourists, respectively, who have both chosen not to incur large costs to travel to higher
quality beaches elsewhere on Oahu, instead choosing beaches immediately available to them.
While water clarity or sediment-free water is often used as a proxy
for pollutants, they are not the same and it is possible for clear water
to be over the safe limit for bacteria. Attitudes results (Supplementary
Fig. 1) suggest there was a great deal of conﬂation between water quality and water clarity, and that part of the utility for water quality may
have been assigned to water clarity. This affects the marginal rate of
substitution between the two attributes, but it is unclear to what degree.
When considering the associated coefﬁcient estimates (and WTP
values) of water quality and clarity, one should be mindful of this caveat.
The hypothesis that water quality would be the most important attribute to recreationalists did not bear out, but participants may be conﬂating water quality (bacteria) and water clarity (visibility). Over 60%
of respondents agreed or strongly agreed with the statement “I judge
how clean the water is by how clear it is”. We found negative interaction
effects amongst those who answered disagree or neutral and their
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preferences for water quality, while those who answered agree or
strongly agree showed positive interactions with water clarity. The
data suggest that respondents who do not judge water quality by
water clarity are much less concerned with water clarity in general.
4.4. Limitations
This study does not control for avidity bias (Loomis, 2007) and hypothetical bias, but does follows others (Loomis and Santiago, 2013) that
have taken great care to create a realistic scenario where bundled
choices are believable and alternatives (with prices) are presented in a
way to avoid protest bids. These nuances were evident in our survey
pre-tests, where many participants expressed resistance to any sort of
“fee” for improved attributes, but readily agreed to accepting “costs” if
it was portrayed as an expense to physically travel to a beach with improved water attributes.
It is unclear how representative of recreationalists our sample population is. The study only targeted beaches with lifeguards, as there were
no alternatives to ascertain beach attendance on Oahu. The Hawai'i
Tourism Authority tracks inter-island travel, but there is no way to determine visitation patterns once an individual is on island. This survey
took place from July to November, but certain beaches were only sampled towards the beginning or end of the sampling period and as a result
the distribution is not uniform. When asked for “income”, some participants may have interpreted the question as household income, while
others as individual income. Similarly, there was some confusion in “education”, where the number of participants with graduate degrees was
unusually high, which we believe may be attributed to participants mistaking “graduate school” as having “graduated high school”.
While we attempted to have clear and distinct photo depictions of all
attributes, water clarity and coral cover were represented by photos
that contained things other than the independent variable being manipulated. In water clarity photos, a turtle was visible to different degrees in
the background depending on water clarity level. The 30 ft. visibility
level had a sandy bottom, and the 60 ft. visibility level has a reef bottom.
For coral cover photos, the 10% and 25% coral cover depictions were
taken from a distance, while the 45% cover photo was a close-up. The
25% cover photo had a school of ﬁsh passing behind it, while the 45%
cover photo had a single ﬁsh swimming in it. It should be noted we originally attempted to depict all coral cover levels with scientiﬁcally accurate photos from a USGS study of reef conditions offshore of Moloka'i,
but returned non-signiﬁcant results in our pilot surveys with repeated
comments from respondents that they were not able to distinguish
any differences between levels as depicted. Other respondents
commented that the scientiﬁcally accurate depictions all looked unappealing in general. In being mindful of these limitations, results should
be interpreted with caution.
4.5. Conclusion
Potential welfare gains by improving coastal water conditions are
very large. Management actions and programs such as those governing
point and non-point source pollution, Clean Water Act compliance, sediment and runoff control, ﬁshing limits, and marine invasive species are
directly linked to water quality, water clarity, coral cover, and ﬁsh diversity. These actions can effectively increase recreationalist welfare.
This study ﬁlls a gap in understanding of the non-market recreational value of Hawaii's coastline. In light of recent and repeated water quality warnings and beach closures (Davis, 2015; Solomon, 2015; Uyeno,
2015) that echo the serious and prolonged sewage spill in 2006
(Magin, 2006), it is all the more important that decision makers recognize the signiﬁcant value of the coastline and the serious harm to the
economy that takes place when natural resources are poorly managed
and neglected. Non-market valuations in Hawai'i are scarce, and as a
state heavily reliant on its natural capital for recreation and tourism, it
would be prudent to conduct more studies of this type elsewhere in

the Hawaiian Islands. This study estimated beneﬁts of environmental
improvements, further studies should attempt to ascertain the economic costs of our impact on the coastal zone, and together use these studies
to set management priorities and allocate budgets.
By taking management actions targeting each of the areas
relevant to recreationalists, government and other agencies can
effectively increase the consumer surplus derived from improved
coastal conditions, avoid beach closures from water quality events,
and preserve future beneﬁts. These ﬁndings are of particular relevance to economies dependent on tourism, where these recreational
values are acutely important to visitors and locals alike. Reducing anthropogenic impact on our environment is not simply a government
expense, but rather an investment that beneﬁts society, and supports
and sustains our quality of life.
Funding
This study was funded by the United States Geological Survey / University of Hawai'i at Manoa Water Resources Research Center
(2014HI433B) and a US Department of Agriculture Hatch grant (HA1125H).
Acknowledgements
We would like to acknowledge and thank Professor John B.
Loomis, PhD, Tamara Wong, PhD, Carlo Fezzi, PhD, Shanna Grafeld,
participants at the CANUSSEE 2015 conference, and David A. Gill,
PhD for comments and assistance. We would also like to thank two
anonymous reviewers for their comments which made the analysis
much stronger.
Appendix A. Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ecolecon.2017.02.003.
References
Ahn, J.H., Grant, S.B., Surbeck, C.Q., DiGiacomo, P.M., Nezlin, N.P., Jiang, S., 2005. Coastal
water quality impact of stormwater runoff from an urban watershed in southern
California. Environ. Sci. Technol. 39, 5940–5953.
Andrews, S., Sutherland, R.A., 2004. Cu, Pb and Zn contamination in Nuuanu watershed,
Oahu, Hawaii. Sci. Total Environ. 324, 173–182.
Ariza, E., Ballester, R., Rigall-I-Torrent, R., Saló, A., Roca, E., Villares, M., Jiménez, J.A., Sardá,
R., 2012. On the relationship between quality, users' perception and economic valuation in NW Mediterranean beaches. Ocean Coast. Manag. 63, 55–66.
Coral Reef Assessment and Monitoring Program, 2008a. CRAMP Rapid Assessment: Fish
Results. Hawai'i Institute of Marine Biology.
Hawai'i Coral Reef Assessment & Monitoring Program, 2008b. CRAMP Rapid Assessment:
Coral Results. Hawai'i Institute of Marine Biology.
Atkinson, S., Atkinson, M.J., Tarrant, A.M., 2003. Estrogens from sewage in coastal marine
environments. Environ. Health Perspect. 111, 531–535.
Hawai'i Tourism Authority, 2007. 2007 Hawai‘I State Parks Survey. Hawai'i Tourism
Authority.
Hawai'i Tourism Authority, 2011. 2011 Activity Participation. Hawai'i Tourism Authority.
Beharry-Borg, N., Scarpa, R., 2010. Valuing quality changes in Caribbean coastal waters for
heterogeneous beach visitors. Ecol. Econ. 69, 1124–1139.
Bell, F.W., Leeworthy, V.R., 1990. Recreational demand by tourists for saltwater beach
days. J. Environ. Econ. Manag. 18, 189–205.
Biao, X., Zhuhong, D., Xiaorong, W., 2004. Impact of the intensive shrimp farming on the
water quality of the adjacent coastal creeks from eastern China. Mar. Pollut. Bull. 48,
543–553.
Binkley, C.S., Hanemann, W.M., 1978. The Recreational Beneﬁts of Water Quality Improvement: Analysis of Day Trips in an Urban Setting (U.S. Environmental Protection
Agency).
Bishop, R.C., Chapman, D.J., Kanninen, B.J., Krosnick, J.A., Leeworthy, B., Meade, N.F., 2011.
Total Economic Value for Protecting and Restoring Hawaiian Coral Reef Ecosystems,
NOAA Technical Memorandum CRCP 16 (National Oceanic and Atmospheric
Administration).
Blakemore, F., Williams, A., 2008. British tourists' valuation of a turkish beach using contingent valuation and travel cost methods. J. Coast. Res. 246, 1469–1480.
Boyle, K.J., Welsh, M.P., Bishop, R.C., 1993. The role of question order and respondent experience in contingent-valuation studies. J. Environ. Econ. Manag. 25, S80–S99.
Brown, E.K., 1998. Saving Maui's Reefs. Paciﬁc Whale Foundation, Kihei, HI, p. 8.

M. Peng, K.L.L. Oleson Ecological Economics 136 (2017) 41–52
Cameron, T.A., 1992. Combining contingent valuation and travel cost data for the valuation of nonmarket goods. Land Econ. 68, 302–317.
Carson, R.T., Louviere, J.J., 2011. A common nomenclature for stated preference elicitation
approaches. Environ. Resour. Econ. 49, 539–559.
Cesar, H.S.J., Beukering, P.v., 2004. Economic valuation of the coral reefs of Hawai'i. Pac.
Sci. 58, 231–242.
Cesar, H.S.J., Van Beukering, P., 2004. Ecological economic modeling of coral reefs: evaluating tourist overuse at Hanauma bay and algae blooms at the Kihei coast, Hawaii.
Pac. Sci. 58, 243–260.
Cesar, H.S.J., van Buekering, P., Pintz, S., Dierking, D., 2002. Economic Valuation of the
Coral Reefs of Hawaii: Final Report. University of Hawai'i for the Hawai'i Coral Reef
Initiative Research Program and NOAA Coastal Ocean Program.
City and County of Honolulu, 2014. In: Services, O.S.L. (Ed.), Summary of Lifeguard
Logsheet Data, from the City and County of Honolulu, 2013.
Cocke, S., 2012. Health Dept Dozens of Hawai'i Beaches not Tested for Contamination. Honolulu Civil Beat, Honolulu.
Dailer, M.L., Knox, R.S., Smith, J.E., Napier, M., Smith, C.M., 2010. Using delta 15 N values in
algal tissue to map locations and potential sources of anthropogenic nutrient inputs
on the island of Maui, Hawai'i, USA. Mar. Pollut. Bull. 60, 655–671.
Davis, C., 2015. Waikiki Beach Closed after 500,000 Gallon Raw Sewage Spill (KHNL).
De Carlo, E.H., Beltran, V.L., Tomlinson, M.S., 2004. Composition of water and suspended
sediment in streams of urbanized subtropical watersheds in Hawaii. Appl. Geochem.
19, 1011–1037.
De Carlo, E.H., Hoover, D.J., Young, C.W., Hoover, R.S., Mackenzie, F.T., 2007. Impact of
storm runoff from tropical watersheds on coastal water quality and productivity.
Appl. Geochem. 22, 1777–1797.
Dharmaratne, G.S., Brathwaite, A.E., 1998. Economic valuation of the coastline for tourism
in Barbados. J. Travel Res. 37, 138–144.
Dixon, A.W., Oh, C.O., Draper, J., 2012. Access to the beach: comparing the economic
values of coastal residents and tourists. J. Travel Res. 51, 742–753.
Dugan, G.L., 1977. Water Quality of Normal and Storm-Induced Surface Water Runoff:
Kāne'ohe Bay Watershed, Oahu, Hawai'i, February 1974 to March 1975. Honolulu:
Water Resources Research Center, Hawai'i Environmental Simulation Laboratory Environmental Center, University of Hawai'i, Honolulu.
Dunkell, D.O., Bruland, G.L., Evensen, C.I., Litton, C.M., 2011. Runoff, sediment transport,
and effects of feral pig (Sus scrofa) exclusion in a forested Hawaiian watershed.
(report). Pac. Sci. 65 (175).
Environmental Protection Agency, 2004. §131.41 Bacteriological Criteria for those States
Not Complying with Clean Water Act Section 303(I)(1)(a), Electronic Code of Federal
Regulations. Environmental Protection Agency.
Environmental Protection Agency, 2010a. EPA, DOJ, State of Hawai'i, Environmental
Groups, Reach Agreement with the City and County of Honolulu to Address Wastewater Collection and Treatment Systems. Environmental Protection Agency.
Environmental Protection Agency, 2010b. Hawai'i 2009 Swimming Season Update. Environmental Protection Agency.
Environmental Protection Agency, 2012. BEACH Act. Environmental Protection Agency.
Environmental Protection Agency, 2013. Annual Swimming Season Statistics. Environmental Protection Agency.
Fabricius, K.E., 2005. Effects of terrestrial runoff on the ecology of corals and coral reefs:
review and synthesis. Mar. Pollut. Bull. 50, 125–146.
Freeman, A.M.I., 1982. Air and Water Pollution Control: A Beneﬁt–Cost Assessment.
Wiley-Interscience, New York.
Freeman, A.M.I., 1995. The beneﬁts of water quality improvements for marine recreation:
a review of the empirical evidence. Mar. Resour. Econ. 10, 385–406.
Freeman, A.M.I., 2003. The Measurement of Environmental and Resource Values: Theory
and Methods. Resources for the Future.
Gill, D.A., Schuhmann, P.W., Oxenford, H.A., 2015. Recreational diver preferences for
reef ﬁsh attributes: economic implications of future change. Ecol. Econ. 111,
48–57.
Givens, M., 2014. State Plan Addressing Hawai'i Cesspools Receive Pushback.
Glenn, C.R., Whittier, R.B., Dailer, M.L., Dulaiova, H., El-Kadi, A.I., Fackrell, J., Kelly, J.L.,
Waters, C.A., 2012. Lahaina Groundwater Tracer Study — Lahaina, Maui, Hawaii. University of Hawai'i at Manoa.
Grafeld, S.L., Oleson, K.L.L., Barnes, M., Peng, M., Chan, C., Weijerman, M., 2016. Divers'
Willingness to Pay for Improved Coral Reef Conditions in Guam: An Untapped Source
of Funding for Management and Conservation? Ecol. Econ. 128, 202–213.
Grifﬁn, D.W., Donaldson, K.A., Paul, J.H., Rose, J.B., 2003. Pathogenic human viruses in
coastal waters. Clin. Microbiol. Rev. 16, 129–143.
Hanley, N., 2002. Choice Modelling Approaches: A Superior Alternative for Environmental
Valuation?
Hawai'i Coral Reef Assessment & Monitoring Program, 2011a. CRAMP Study Sites:
Hanauma Bay, Island of Oahu. Hawai'i Institute of Marine Biology.
Hawai'i Coral Reef Assessment & Monitoring Program, 2011b. CRAMP Study Sites: Moku
O Loe, Island of Oahu. Hawai'i Institute of Marine Biology.
Hawai'i State Department of Health, 2015. Wastewater Branch. Hawai'i State Department
of Health, Honolulu, HI.
Hawai'i Tourism Authority, 2015. 2014 Annual Visitor Research Report, Annual Visitor Research Report. Hawai'i Tourism Authority, Honolulu, HI.
Hole, A.R., 2007. Fitting mixed logit models by using maximum simulated likelihood. Stata
J. 7.
Hole, A.R., 2013. Mixed Logit Modelling in Stata — An Overview, UK Stata Users Group
Meeting. University of Shefﬁeld.
Houston, J.R., 2013. The economic value of beaches — a 2013 update. Shore & Beach 81,
3–11.
Hoyos, D., 2010. The state of the art of environmental valuation with discrete choice experiments. Ecol. Econ. 69, 1595–1603.

51

Huang, J.-C., Haab, T.C., Whitehead, J.C., 1997. Willingness to pay for quality improvements: should revealed and stated preference data be combined? J. Environ. Econ.
Manag. 34, 240–255.
Huang, J.-C., Poor, P.J., Zhao, M.I.N.Q., 2007. Economic valuation of beach erosion control.
Mar. Resour. Econ. 22, 221–238.
Jarvis, D., Stoeckl, N., Liu, H.-B., 2016. The impact of economic, social and environmental
factors on trip satisfaction and the likelihood of visitors returning. Tour. Manag. 52,
1–18.
Jensen, T.C., Wanhill, S., 2002. Tourism's taxing times: value added tax in Europe and Denmark. Tour. Manag. 23, 67–79.
Johnston, R.J., Segerson, K., Schultz, E.T., Besedin, E.Y., Ramachandran, M., 2011. Indices of
biotic integrity in stated preference valuation of aquatic ecosystem services. Ecol.
Econ. 70, 1946–1956.
Jokiel, P.L., Brown, E.K., Friedlander, A., Rodgers, S.K., Smith, W.R., 2001. Hawai'i Coral
Reef Initiative Coral Reef Assessment and Monitoring Program (CRAMP) Final
Report 1999–2000. Hawai'i Coral Reef Initiative, University of Hawaii National
Ocean Service, National Oceanic and Atmospheric Administration, Honolulu,
HI, p. 52.
Kaiser, B., Roumasset, J., 2002. Valuing indirect ecosystem services: the case of tropical
watersheds. Environ. Dev. Econ. 7, 701–714.
Kakesako, G., 2013. Keehi Lagoon Closed because of Molasses Spill. Honolulu Star-Advertiser, Honolulu.
King, D., Mazzotta, M., 2000. Ecosystem Valuation.
Knee, K.L., Gossett, R., Boehm, A.B., Paytan, A., 2010. Caffeine and agricultural pesticide
concentrations in surface water and groundwater on the north shore of Kauai
(Hawai'i, USA). Mar. Pollut. Bull. 60, 1376–1382.
Koizumi, M.K., 1966. Inﬁltration and Percolation of Sewage through O'ahu Soils and in
Simulated Cesspool Lysimeters. Honolulu, Water Resources Research Center, University of Hawai'i, Honolulu.
Kontogianni, A., Langford, I.H., Papandreou, A., Skourtos, M.S., 2003. Social preferences for
improving water quality: an economic analysis of beneﬁts from wastewater treatment. Water Resour. Manag. 17, 317–336.
Kreitler, J., Papenfus, M., Byrd, K., Labiosa, W., 2013. Interacting coastal based ecosystem
services: recreation and water quality in Puget Sound, WA. PLoS One 8, e56670.
Laws, E., Brown, D., Peace, C., 2004. Coastal water quality in the Kihei and Lahaina districts
of the island of Maui, Hawaiian islands. Impacts from physical habitat and groundwater seepage: implications for water quality standards. Int. J. Environ. Pollut. 22 (531).
Lew, D.K., Larson, D.M., 2005. Valuing recreation and amenities at San Diego county
beaches. Coast. Manag. 33, 71–86.
Logar, I., van den Bergh, J.C., 2012. Respondent uncertainty in contingent valuation of
preventing beach erosion: an analysis with a polychotomous choice question.
J. Environ. Manag. 113, 184–193.
Loomis, J., 2007. Correcting for on-site visitor sampling bias when estimating the regional
economic effects of tourism. Tour. Econ. 13, 41–47.
Loomis, J., Ng, K., 2012. Comparing economic values of Trout anglers and Nontrout anglers
in Colorado's stocked public reservoirs. N. Am. J. Fish Manag. 32, 202–210.
Loomis, J., Santiago, L., 2013. Economic valuation of beach quality improvements: comparing incremental attribute values estimated from two stated preference valuation
methods. Coast. Manag. 41, 75–86.
Magin, J., 2006. Heavy Rains Keep Waikiki Beach Closed. New York Times, New York.
McFadden, D., 1974. Conditional Logit Analysis of Qualitative Choice Behavior.
Mokiao-Lee, A., 2012. Tracing Nitrogen Inputs to Thermal Tide Pools in Kapoho, Hawai'i,
Using a Multi-Stable Isotope Approach. (Thesis (M.S.)). University of Hawai'i at
Hilo, Hilo, Hawai'i.
Moncur, J.E.T., 1975. Estimating the value of alternative outdoor recreation facilities within a small area. J. Leis. Res. 7, 301–311.
Moncur, J.E.T., Mak, J., 1998. Political Economy of Protecting Unique Recreational Resources: Hanauma Bay (Hawai'i).
Morrice, J.A., Danz, N.P., Regal, R.R., Kelly, J.R., Niemi, G.J., Reavie, E.D., Hollenhorst, T.,
Axler, R.P., Trebitz, A.S., Cotter, A.M., Peterson, G.S., 2008. Human inﬂuences on
water quality in Great Lakes coastal wetlands. Environ. Manag. 41, 347–357.
Oh, C.-O., Dixon, A.W., Mjelde, J.W., Draper, J., 2008. Valuing visitors' economic beneﬁts of
public beach access points. Ocean Coast. Manag. 51, 847–853.
Oki, D.S., Brasher, A.M.D., 2003. Environmental Setting and the Effects of Natural and
Human-Related Factors on Water Quality and Aquatic Biota, Oahu, Hawai'i in: Survey,
U.S.G. (Ed.), Water-Resources Investigations Report. U.S. Geological Survey, p. 98.
Paciﬁco, D., 2012. Lclogit: A Stata Module for Estimating Latent Class Conditional Logit
Models via the Expectation-Maximization Algorithm. School of Economics, the
Univ. of New South Wales, Kensington, NSW, Kensington, NSW.
Parsons, G.R., Kang, A.K., Leggett, C.G., Boyle, K.J., 2009. Valuing Beach closures on the
Padre Island National Seashore. Mar. Resour. Econ. 24, 213–235.
Paul, J.H., Rose, J.B., Jiang, S.C., London, P., Xhou, X., Kellogg, C., 1997. Coliphage and indigenous phage in Mamala Bay, Oahu, Hawaii. Appl. Environ. Microbiol. 63, 133–138.
Peterson, F.L., Oberdorfer, J.A., 1985. Uses and Abuses of Wastewater Injection Wells in
Hawaii. University of Hawai'i Press.
Petrolia, D.R., Interis, M.G., 2013. Should we be using repeated-choice surveys to value
public goods? Newsletter of the Association of Environmental & Resource Economists
(AERE) 33, 19–25.
Rabe-Hesketh, S., Skrondal, A., 2012. Multilevel and Longitudinal Modeling Using Stata.
third ed. Stata Press, United States.
Ragosta, G., Evensen, C., Atwill, E.R., Walker, M., Ticktin, T., Asquith, A., Tate, K.W., 2010.
Causal connections between water quality and land use in a rural tropical island watershed: rural tropical island watershed analysis. EcoHealth 7, 105–113.
Re, V., Cisse Faye, S., Faye, A., Faye, S., Gaye, C.B., Sacchi, E., Zuppi, G.M., 2011. Water quality decline in coastal aquifers under anthropic pressure: the case of a suburban area of
Dakar (Senegal). Environ. Monit. Assess. 172, 605–622.

52

M. Peng, K.L.L. Oleson Ecological Economics 136 (2017) 41–52

Ringuet, S., 2003. Biogeochemical Impacts of Storm Runoff on Water Quality in Southern
Kaneohe Bay, Hawai'i. In: Mackenzie, F. (Ed.), Oceanography. University of Hawai'i at
Manoa.
Sawtooth Software, 2011. SSI Web, 7.0.30 ed. Sawtooth Software.
Schaefers, A., 2011. Dirty Beaches Mar Ko Olina. Honolulu Star-Advertiser.
Shivlani, M.P., Letson, D., Theis, M., 2003. Visitor preferences for public beach amenities
and beach restoration in South Florida. Coast. Manag. 31, 367–385.
Solomon, M., 2015. Spilled Sewage Forces Closure of Hawaii's Famed Waikiki Beach. National Public Radio.
StataCorp LP, 2013. STATA, 13.1 Ed. StataCorp LP, College Station, Texas (p. Statistics/Data
Analysis).
State of Hawai'i, 2011. State of Hawai'i Data Book 2011.
State of Hawai'i Department of Business Economic Development & Tourism, 2014e. Visitor Statistics. State of Hawai'i Department of Business Economic Development &
Tourism.
State of Hawai'i Department of Health Wastewater Branch, 2015. Cesspools in Hawaii.
State of Hawai'i Environmental Health Administration, 2012. Environmental Health Management Report. pp. 1–54.
Stithou, M., Scarpa, R., 2012. Collective versus voluntary payment in contingent valuation
for the conservation of marine biodiversity: an exploratory study from Zakynthos,
Greece. Ocean Coast. Manag. 56, 1–9.
The Maui News, 2015. Ige Signs Cesspool Conversion Tax Credit. The Maui News,
Wailuku, HI.

Train, K., 2003. Discrete Choice Methods with Simulation. New York: Cambridge University Press, New York.
Tsatsaros, J.H., Brodie, J.E., Bohnet, I.C., Valentine, P., 2013. Water quality degradation of
coastal waterways in the wet tropics, Australia. Water Air Soil Pollut. 224, 1–22.
Uyeno, K., 2015. Ocean Activity Businesses Hurting from Waikiki Beach Closures
(KHON2).
Verhougstraete, M.P., Byappanahalli, M.N., Rose, J.B., Whitman, R.L., 2010. Cladophora in
the Great Lakes: impacts on beach water quality and human health. Water Sci.
Technol. 62, 68–76.
Vesterinen, J., Pouta, E., Huhtala, A., Neuvonen, M., 2010. Impacts of changes in water
quality on recreation behavior and beneﬁts in Finland. J. Environ. Manag. 91,
984–994.
Whitehead, J.C., Dumas, C.F., Herstine, J., Hill, J., Buerger, B., 2008. Valuing beach access
and width with revealed and stated preference data. Mar. Resour. Econ. 23, 119–135.
Whittier, R.B., El-Kadi, A.I., 2014. Human Health and Environmental Risk Ranking of
Onsite Sewage Disposal Systems for the Hawaiian Islands of Kauai, Maui, Molokai,
and Hawaii. State of Hawai'i Department of Health. Safe Drinking Water Branch, Honolulu, Hawaii.
Whittier, R.B., Rotzoll, K., Dhal, S., El-Kadi, A.I., Ray, C., Chang, D., 2009. Groundwater
source assessment program for the state of Hawai'i, USA: methodology and example
application. Hydrogeol. J. 18, 711–723.

