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2. PUBLIC SUMMARY 
Coral reefs provide numerous ecosystem goods and services critical to human well-being (e.g., protection 
from storms and floods, food, income, recreation, and cultural practices), but those ecosystems are under 
serious threat due to growing human pressures, including overfishing, land-based pollution, and global 
climate change. Managers facing complex problems require decision-support tools that can guide cost-
effective action across the entire watershed, from ridge to reef. This project built a pilot tool for coral reef 
management that can map, assess, and value key goods and services from the reef environment. It 
provides important information to managers on the areas supplying the most value to humans, as well as 
the locations of threats. This tool can be used to run scenarios, for instance, different adaptation 
strategies, land use, or climate change projections, to evaluate their impact on ecological state and well-
being outcomes. 
 
3. TECHNICAL SUMMARY 
The project goal was to develop, validate, and apply a ridge-to-reef ecosystem service model to (i) 
quantify, map, and value coral reef ecosystem service flows; and (ii) assess the trade-offs between present 
and projected environmental conditions as a result of management actions and climate change. We 
committed to using the tool to model and communicate: (i) how coral reef decline will impact fisheries, 
coastal protection, cultural practices, recreation, and tourism; and (ii) how sea level rise and 
meteorological changes might alter coastal protection, sediment loading, freshwater, and culturally 
important sites. The Pacific Island Climate Science Center supported the coastal component of a ridge-to-
reef approach.  
 
4. PURPOSE AND OBJECTIVES 
The project focused on providing a practical modeling tool for watershed managers, specifically those 
involved in the West Maui Ridge-to-Reef Initiative. The tool was designed to inform an ongoing structured 
decision making process, led by the US Army Corps of Engineers’ Institute for Water Resources. These 
decision-makers seek cost-effective solutions to preserving coral reef ecosystem goods and services. The 
project objectives included: [1] Instantiate coral reef ecosystem dynamics model: Adapt existing coral reef 
dynamics model to Hawaiʻi (Coral Reef Scenario Evaluation Tool: CORSET). [2] Quantify coral reef 
ecosystem goods and services: Couple reef model with ecosystem service production functions to quantify 
potential fisheries production, dive value and coral reef health (non-monetary valuation). [3a] Value 
recreational ecosystem services: Develop novel beneficiary-focused recreational service valuation 
approach for Hawaiʻi. [3b] Value coastal vulnerability: Develop novel coastal vulnerability valuation 
approach for Hawaiʻi. [4] Link mauka to makai: Create ridge-to-reef, ecosystem service assessment tool. 
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[5] Assess impacts of climate change and management: Simulate climate change and management 
scenarios with developed ecosystem service decision support tool. 

We met all original project objectives. We built and instantiated a model of coral reef dynamics 
capable of evaluating how land-based pollution and climate change will impact key ecosystem goods and 
services. We developed and applied methods for valuing multiple ecosystem services, including: fisheries, 
cultural resources, coral reef health, coastal vulnerability, and recreational opportunities. We ran real-
world, illustrative adaptation measures and climate change scenarios through the models. One pending 
task is the dynamic connection between the land-based models (for sediment) to the CORSET and 
recreation models. The coding of the models took longer than anticipated, delaying the linking of the 
existing land and sea models. 
 
5. ORGANIZATION AND APPROACH 
[1] CORAL REEF MODEL. CORSET models coral reef ecological and trophic interactions, and links observed 
conditions to stressors from land- or marine-based activities, such as pollution (Melbourne-Thomas et al., 
2011). A multi-institution team linked CORSET to ecological production functions from the literature 
(Principe et al., 2012; Yee et al., 2014) to convert coral reef ecological conditions into ecosystem services 
(e.g., fisheries, coastal protection). Ecosystem production functions project how changes in ecological 
conditions will affect production of ecosystem goods and services. Specific steps included: 

● Production of ecological and biophysical base maps (collaboration between Alan Friedlander’s 
lab/NOAA Biogeography project/Oleson lab - Mary Donovan, Jade Delevaux) 

● Development of larval connectivity matrix (HIMB - Johanna Wren) 
● Development of Ecological Production Functions (US EPA - Susan Yee; Oleson lab - Kirsten Oleson) 
● Parameterization of CORSET model and calibration/validation (NOAA/JIMAR - Mariska 

Weijerman) 
● Creation of CORSET input layers (Oleson lab - Lindsay Veazey, Kim Falinski, Joey Lecky) 
● Coding of CORSET within integrated modeling platform ENVISION (Oregon State University - Kellie 

Vaché and US EPA Gulf Ecology Division - Susan Yee) 
[2] RECREATIONAL OPPORTUNITY. We chose to model recreational attractiveness using a Bayesian Belief 
network (BBN). A BBN graphs the causal structure of variables in a problem, and uses conditional 
probability distributions to define relationships between variables (Ames et al 2005). We used a discrete 
choice experiment to determine snorkeler willingness to pay for environmental attributes that may be 
affected by management and/or climate change (Schuhmann et al., 2013). 

● Bayesian belief network development (Oleson lab - Kirsten Oleson, Michele Barnes, Tamara 
Wong) 

● Code model in ARIES (Oleson lab - Tamara Wong, Kirsten Oleson; USGS - Ken Bagstad) 
● Valuation study (Oleson lab - Tamara Wong, Kirsten Oleson, various lab members) 

[3] COASTAL VULNERABILITY. We used a model from the InVEST suite to value the importance of coastal 
habitats for protection/reduction of vulnerability (Arkema et al., 2013). 

● Model development (The Natural Capital Project - Greg Guannel) 
● Input data (Oleson lab - Hla Htun) 

 
6. RESULTS 
[1] CORSET. We examined the coupled impacts of varying management strategies under varying 
intensities of climate change scenarios on three Ecological Production Functions (EPFs): State of the Reef, 
Dive Value, and Fisheries Production (Fig. 1). We created five future scenarios: no management under 
moderate climate change impacts (1), low management under severe climate change (2), low 
management under less impactful climate change (3), more management under severe climate change 
(4), and more management under less impactful climate change (5). Our results clearly show the 
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interaction of local management strategies and global impacts of future climate change. Reef health, 
tourism value, and fisheries production were least impacted under more stringent management practices 
in the less severe climate change scenario. However, the beneficial effects of locally implemented, island-
wide management strategies disappear in a more severe global climate change future. If we are to 
counteract the inevitable impacts of climate change on our local environmental resources, we must 
proactively ensure that statewide management practices are even more aggressive than the scenarios we 
simulated. 

 
Figure 1 Percent changes from 2010 – 2050 of Ecosystem Services under coupled management and climate change 
scenarios. Ecological Production Functions (EPFs) include: (i) SOTR = State of the Reef, which takes into account 
macroalgae, coral, and fish composition changes over time; (ii) Dive Value, which takes into account changes in coral 
and fish abundance and richness, as well as water visibility; and (iii) Fisheries Production, which calculates the change 
in resource fish biomass availability over time. 

[2] ARIES. We assessed ecological and economic losses by using the ecosystem services modeling tool, 
Artificial Intelligence for Ecosystem Services or ARIES (Villa et al., 2014). Our Bayesian Belief Network 
(BBN) model estimated spatially-explicit relative recreation quality in the West Maui study area by 
integrating attributes of ecological, water, and social quality such as coral cover, fish richness, effluent 
pollution, and accessibility (Fig. SI-1). To determine attribute levels, we performed a literature review and 
elicited expert opinion. We examined recreation quality under current management and climate 
conditions and two scenarios of increased sedimentation dispersion and climate change impacts. The BBN 
model outputs identified and prioritized target areas for conservation and restoration of recreation 
quality in West Maui, and to minimize ecological and economic losses. We surveyed  
 
[3] COASTAL VULNERABILITY. We developed a method to identify where coral and beach restoration efforts 
could be best spent in order to reduce the vulnerability of coastal populations to the impacts of coastal 
hazards. Namely, we: 
1. Collected and created biophysical, socio-economic and socio-cultural datasets specific to Hawai`i. We 

collected publicly available wave, coastal geomorphology, sea-level rise, coastal erosion, and coral 
and sandy beach habitat data layers. We also created a seamless land-sea digital elevation model 
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(DEM) using highest resolution bathymetry, coastal LiDAR (Light Detection and Ranging), and 
topography data layers available. Using census data, we compiled socio-economic data, including 
population (in terms of age as well as density classifications), median household income, property 
value. Using land-use land-cover dataset, we compiled coastal socio-cultural data, including civic 
institution (e.g., schools, libraries, city hall, etc.) and religious buildings as well as cultural and historical 
sites located within 1 km from the coast. Finally, using the InVEST Visitation and Recreation model 
(Wood et al., 2013), we computed visitation data to all coastal regions in the state. 

2. Using the InVEST Coastal Vulnerability model (Arkema et al., 2013), we computed the exposure of 
coastal region in the state to natural hazards (Fig. SI-2). Results were compared and contrasted with 
the findings from a published USGS report (Fletcher et al., 2002), as well as synthesized data from the 
Spatial Hazards Events and Losses Database for the United States (Arkema et al., 2013). Results were 
also vetted with local stakeholders, including managers at the Department of Land and Natural 
Resources and tenured Professors at the University of Hawai`i. 

3. Identified regions where people and cultural sites are most at risk by filtering these results to only 
consider regions where people and socio-economic assets are present (Fig. SI-3). 

4. Prioritized regions where conservation of natural habitats (beaches and coral reefs) would benefit 
people the most. 

 
 7. ANALYSIS AND FINDINGS 
[1] CORSET. We ran 17 different 
climate change and land and marine 
management scenarios (Fig. 2). We 
examined both the separate and 
combined effects of increased 
hurricane activity and increased coral 
bleaching events, the separate and 
coupled effects of expansion and 
greater restriction of marine protected 
areas (MPAs), the mitigation of 
sediment influx, and the coupled 
effects of the different management 
strategies implemented during 
intensifying climate change conditions. 
One important finding was that 
placement of MPAs has great 
consequences for the catches and fish 
biomass. In our two scenarios of 
randomly placed MPAs as no-take 
areas of 30% of the reef cells, very 
different results with regard to fish 
biomass and catches emerged while 
the placement of 10% or 20% of areas 
with highest coral and fish biomass 
did not differ substantially from the 
results of the existing MPAs. 
Furthermore, reducing sediments 
was the most beneficial scenario 
(scenario C) for coral cover whereas climate change had a cover with up to 100% reduction in coral cover 

Figure 2 Coral percent cover trend lines based on 17 different scenarios. 
Scenario A = high (A1) and low (A2) intensified hurricane events, B = annual 
bleaching events, C = 4 sediment reduction scenarios, D = 5 MPA scenarios, E = 
combination of A1 and B, F = combination of A1, B, D4 (10% no take MPA) and low 
sediment reduction efforts, G = combination of A1, B, D3 (30% no take MPA) and 
high sediment reduction efforts 
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under the annual bleaching scenario (scenario B). Coral cover still declines due to the predicted increases 
in nutrients and sediments but improved land management (reduction of sediments) can noticeably 
reduce these impacts (Fig. 2, green and blue lines). 
 
[2] ARIES. The non-market economic valuation study affirms that recreationists positively value both 
increased biodiversity and recreation opportunities as well as reductions in pollution and health risk (Figs. 
SI-4 and SI-5). Our BBN model analysis estimated spatially-explicit relative recreation quality in the West 
Maui study area under current management and climate conditions and two scenarios. Scenario A1 
estimates recreation quality under high increased sedimentation dispersion and effluent pollution and 
scenario A2 represents a combination of scenario A1 with long-term climate change impacts to coral 
cover, habitat diversity, fish abundance, and fish diversity. We find that in current conditions, several high 
quality areas are located on the Honokohau, Honolua, and Kahana watersheds of the study area (Fig. 3A). 
From current conditions to scenario A1, the models show a loss of high quality areas in Honokahua, 
Honokohau and medium quality in Honokohau, Honolua, and Honokawai (Fig. 3B). Our approach 
identifies and prioritizes many opportunities to conserve, improve, and restore recreation quality. The 
results also highlight the fact that it makes economic sense to manage the coastal environment, as tourists 
have positive willingness to pay for improvements (Table 1). 

A  B  
Figure 3 Output of the Bayesian Belief Network model showing the spatial distribution of snorkeling quality across the 
West Maui watershed study area. A. Existing climate conditions and land use. B. Scenario A1: Increased sediment 
dispersion and transport and increased dispersion and transport and increased pollution from effluent. Throughout 
the area of interest, the relative attractiveness to snorkelers declines with increased sediment. 

Table 1. Discrete Choice Experiment logit model results and willingness to pay. 
Attribute Medium High 
Water quality 0.285 (0.063)** 

$74 
0.536 (0.064)** 

$86 
Water visibility 0.754 (0.062)** 0.881 (0.064)** 
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$141 $159 
Coral cover 0.434 (0.060)** 

$91 
0.625 (0.064)** 

$115 
Fish abundance 0.225 (0.065)* 

$66 
0.435 (0.062)** 

$83 
Fish diversity 0.227 (0.063)** 

$30 
0.433 (0.064)** 

$70 
Turtle sighting 0.294 (0.067)* 

$64 
0.544 (0.062)** 

$97 
(SE); * = p,0.001; ** = p<0.00001 
 

[3] COASTAL VULNERABILITY. We identified where coral reef and beach conservation and restoration are most 
critical to reduce impact of coastal hazards, based on the Coastal Vulnerability model. First, we find that 
Hawai`i has few reefs that have enough coral cover to supply coastal protection services. We also find that 
the reefs that provide the highest amount of protection are on the windward side of O`ahu (Kaneohe Bay), 
the leeward side of Molokai and Maui (Maalaea Bay) (Fig. 4). Many reefs do not have enough coral cover 
to provide valuable coastal protection services to communities. These findings are partially due to the 
geomorphology of the Hawaiian island, i.e., that many reefs, especially on the Big Island, are too deep to 
provide protection services. But they may also be indicative of the long-term decline of coral reefs, and 
the services they supply; for instance, once robust corals near Waikiki are long degraded, and do not 
provide protection services. 
 

 
Figure 4 Location and relative importance of coral reefs that can help reduce the impacts of coastal hazards on 
coastal communities and socio-cultural assets. 
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We also find that there are many opportunities for beach restoration among the Hawaiiian Islands, 
especially in Oahu and Maui (Fig. 5). It is surprising that beaches on the North Shore of Oahu are less of a 
priority for restoration than those on the leeward side, as wave activity is lower on the leeward shores. 
But this result could be explained by the preference of humans to settle on leeward shores (thus more 
assets to protect), long-term coastal erosion processes that are caused by human impact, as well as 
oceanographic processes that were not considered in this analysis. This surprising result highlights the 
importance of taking into account a multitude of stressors when making rapid decisions about restoration, 
since a wave analysis only would have pointed to the North Shore region. 

 

  
Figure 5 Location and relative importance of sandy beaches that can help reduce the impacts of coastal hazards on 
coastal communities and socio-cultural assets. 

8. CONCLUSIONS AND RECOMMENDATIONS 
[1] CORSET. Based on the results of the CORSET model simulations, we strongly recommend that resource 
managers consider aggressive, proactive management measures to preemptively counteract the 
devastating impacts of climate change on the reef systems of Maui Nui. Under the assumption that corals 
cannot adapt to increases in temperature, and the current worst-case scenario for climate change (i.e., 
annual bleaching and hurricanes), protecting 30% of the coastline as no-take MPAs in combination with a 
36% reduction in sediment loads was most favorable for corals, however, even under those ‘high effort’ 
scenarios coral cover still declined by 89% and fish biomass by around 40%. Our model results showed a 
very strong Lotka-Volterra relationship between herbivore and piscivore biomass resulting in strong 
oscillations. For example, under one of the 30% randomly placed no-take MPA areas (D3), piscivore 
biomass almost doubled by 2030, leading to a collapse in herbivore biomass (reduction to ⅙ of the initial 
biomass) after which the piscivore biomass decreased as well and in response the herbivore biomass 
slowly recovered. These rapid shifts in community composition are unlikely to happen on such a short 
time scale in the real world, and are indicative of high model sensitivity to the predator-prey parameters. 
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However, the trends in the various management scenarios are likely real in comparison to each other - it 
is the absolute biomass that has a large uncertainty estimate associated with it. In future simulations, 
since there is some stochasticity incorporated in the code, we need to do at least a 100 runs per scenario 
to capture the uncertainty in the model estimates. Additionally, it is better to look at the trend than just 
comparing the absolute end biomass against initial biomass as we did in our analyses.  

 
[2] ARIES. Our BBN model simulations of pollution and changes in climate suggest large-scale negative 
impacts to recreation quality in the study area as well as potential economic losses. Here we identify the 
spatial distribution of current recreation ecosystem services as well as show that the effects of land-based 
pollution magnified by climate change. The willingness-to-pay results reveal snorkeler preferences for 
clear water, high quality water, and ecosystem attributes. Therefore, we recommend policies that strongly 
offset land-based sources of pollution from sedimentation and effluent. We also recommend policies to 
conserve areas that currently indicate high recreation quality.  
 
[3] COASTAL VULNERABILITY. Hawaiʻi has many coastal assets which are at risk due to climatic and 
anthropogenic stressors. Natural assets or systems including coral, beaches, and sand dunes can provide 
protection benefits in many places. We presented a method to prioritize conservation or restoration of 
existing habitats to protect coasts. We identified locations where habitats can help reduce exposure to 
waves. These regions, particularly Kaneohe Bay on Oahu, Maalaea Bay on Maui, should be restored for 
current and future coastal protection and other ecosystem services. In addition, other regions with high 
human use around the state of Hawaiʻi can be restored or protected for potential ecosystem services. 
Here, we catalogued the location and relative health of coral reefs - coral cover - and sand beaches - 
erosion. We found that, overall, most of the natural systems in the state could benefit from more 
conservation efforts. However, because government resources are limited, we proposed a decision 
making approach that not only takes into account the health of the ecosystem, but also its ability to deliver 
important services to communities: protection of people and assets, and recreation. We understand that 
more refined studies are required to make final management decisions. However, our approach supports 
making rapid decisions for prioritizing coral and beach restoration in Hawaiʻi. 
 
9. MANAGEMENT APPLICATIONS AND PRODUCTS 
[1] CORSET. With the CORSET model, we examined the independent and coupled effects of various 
management strategies and climate change scenarios on the condition of the reefs. We used ecological 
production functions to translate these impacts into economic terms with the use of ecological production 
functions (EPFs), which may be of use to scientists and policy makers as they consider how to effectively 
manage our valuable island resources in a changing climate (Kaiser and Roumasset, 2002; Nelson et al., 
2009). We selected three EPFs - “State of the reef”, “Fisheries production”, and “Dive visits”- to translate 
CORSET model output into values important for management applications. These EPFs represent 
biodiversity, conservation, food yield, and tourism promotion interests of the state of Hawai’i.  
 
[2] ARIES. Our BBN approach to model snorkeling quality in West Maui combined economic and spatial 
modeling to inform land and coastal systems management policy. Our baseline model indicates low 
quality areas that would benefit from restoration and high quality areas such as Honokohau and Honolua 
that are currently best suited for protection. Our scenarios of climate change and higher sedimentation 
delineate areas of highest concern and potential ecological and economic losses in such events, such as 
Honokohau and Honokahua. These products demonstrate that preventative management may help 
mitigate these potential socio-economic losses as well as reduce the negative impacts on human health 
in the future. The economic results show the potential increases (or decreases) in consumer surplus from 
improvements (or degradation). 
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[3] COASTAL VULNERABILITY. We proposed a simple, pragmatic approach to help make conservation 
decisions that benefit nature and people. The information gathered and presented also highlights the 
different challenges, and pressure, that humans exert on the environment. But results of the analysis also 
point to critical areas where conservation or restoration of natural systems would benefit coastal 
communities the most, and thus are, we believe, more likely to be accepted. This approach provides 
coastal managers with information that hopefully will allow them to make decisions about how to best 
allocate restoration funding in a way that benefits people and nature. And, this approach also provides a 
framework to help make quick decisions about restoration.   
 
10. OUTREACH 
DATA: Some of our produced data layers were published as part of the NOAA Biogeography project 
(https://coastalscience.noaa.gov/projects/detail?key=163) (Costa and Kendall, 2016). Other layers will 
eventually be available via the olesonlab.org website. 
PRESENTATIONS: 
1. Veazey, L., Oleson, K., Weijerman, M., Yee, S., Vache, K., Delaveaux, J., Donovan, M. "Modeling coral 

reef futures for management of ecosystem services in Maui Nui, Hawaiʻi." Presented at the 22nd 
Annual CTAHR Symposium in Honolulu, HI. 

2. Guannel G., Htun, H., Oleson K. (2014) “Assessment of Coastal Vulnerability in Hawai`i” Seminar to 
The Natural Capital Project 

3. “Prioritizing Coral Reefs and Beach Restoration and Conservation for Coastal Protection” (2015) 
Guannel, G., Htun H., Oleson K., Romine B., Bohlander A., Walker R., Li, N. Presented at the 22nd 
Annual CTAHR Symposium in Honolulu, HI 

4. “Prioritizing Coral Reefs and Beach Restoration and Conservation for Coastal Protection” (2015)  
Guannel, G., Htun H., Oleson K., Romine B., Bohlander A., Walker R., Li, N.. Presented at the 2nd Risk 
Resilience Reduction Symposium, The Nature Conservancy, Pensacola, FL 

5. Wong, T.M., Oleson, K.L.L., Bagstad, K.J., Barnes, M., Falinski, K., Lecky, J., Peng, M., Veazey, L. 
(2015). Linking land and sea through an ecological-economic recreation model. Paper presented at 
the Canada & United States Societies for Ecological Economics 2015 Joint Biennial Conference, 
Vancouver, BC, Canada. 

6. Wong, T.M., Oleson, K.L.L., Bagstad, K.J., Falinski, K., Villa, F., Balbi, S., Lecky, J., Barnes, M., Htun, H., 
Delevaux, J.M.S., Veazey, L., Peng, M. (2016). Linking land and sea through an ecological-economic 
recreation model. Paper presented at the Conference of the International Society for Ecological 
Economics, Washington, DC, USA. 

7. Wong, T.M., Oleson, K.L.L., Bagstad, K.J., Falinski, K., Villa, F., Balbi, S., Lecky, J., Barnes, M., Htun, H., 
Delevaux, J.M.S., Veazey, L., Peng, M. (2016). Linking land and sea through a recreation model to 
assess ecological, cultural and economic gains and losses. Poster session presented at the 13th 
International Coral Reef Symposium, Honolulu, HI, USA. 

PUBLICATIONS (IN PREPARATION): 
1. Bagstad, K., K. Oleson, T. Wong. Linking land and sea: The economics of controlling sediment in 

tourism zones. 
2. Donovan, M., K. Oleson, et al. Mapping and managing for ecosystem services. 
3. Guannel, G., Htun H., Oleson K., Romine B., Bohlander A., Walker R., Li, N. Rapid Decision Tool: 

Prioritizing Coral and Beach Restoration in Hawai`i 
4. Weijerman, M., L. Veazey, K.L.L. Oleson, et al. Managing for local stressors critical to coral reef 

ecosystem state and goods and services delivery 
5. Veazey, L., M. Weijerman, K.L.L. Oleson, et al. TBD 

https://coastalscience.noaa.gov/projects/detail?key=163)
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6. Wong, T.M., Oleson, K.L.L., Bagstad, K.J., Barnes, M., Falinski, K., Lecky, J., Peng, M., Veazey, L. 
(2015). An ecological-economic recreation model. 

INTERACTIONS WITH STAKEHOLDERS: To develop the ecosystem goods and services models and valuation, we 
met with staff from DAR (Russell Sparks, Bill Walsh, Darla White, Elia Herman, Charissa Minato, Bruce 
Anderson); NOAA (Ivor Williams, Tom Oliver); West Maui Ridge to Reef (Tova Callender, Liz Foote, Hudson 
Slay); consultants (Cami Kloster, Andy Hood); USGS (Ken Bagstad, John Stock); community members 
(various, at numerous events); UH (Alan Friedlander, Mary Donovan). To develop the coastal vulnerability 
model, we met with Chip Fletcher, University of Hawai`i at Manoa; Mark Merrifield, University of Hawai`i 
at Manoa; Tom Oliver, University of Hawai`i at Manoa; Samuel J. Lemmo, Administrator, Office of 
Conservation and Coastal Lands, Department of Land and Natural Resources, and his team; Dolan 
Eversole, Hawai`i Seagrant, and his team; staff of The Nature Conservancy, Hawai`i Chapter; NOAA 
Fisheries Science Team (Chris Kelble and colleagues), Miami FL. 
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Supplementary figures 
 

 
 
Figure SI-1. Recreation model BBN 
 

 
Figure SI-2: Hawai`i exposure to coastal hazards 
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Figure SI-3: Hawai`i exposure to coastal hazards for regions where people live and socio-cultural assets 
are present 
 

  
Figure SI-4. Results of the recreation discrete choice experiment conditional logit model 
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Figure SI-5. Willingness to pay results from the discrete choice experiment. 
 
 
 
 


