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Motivations 

• Coral reefs provide numerous ecosystem 
services supporting life of more 1/2billion 
people (UN Envir. 2018) 

• Calls for valuation ecosystem services for 
Capital Accounts, BCA, Assessments 
(NCAVES, Frontiers of BCA, NNA) 

• Calculating economic value is tedious but 
important understand full impacts of our 
choices. 

 

 

 

 

 



Total Economic Value for Coral Reefs 

Use values Non-Use values 

Direct Use Option Use Indirect Use Bequest Existence 

Benefits 
consumed/ 
enjoyed directly 

Value placed on 
the potential 
future benefits 

Indirect 
benefits from 
function 

Bequest Use 
for future 
generation 

Value of existence w/o 
direct use  

Provision Services  
Water Quality 
Biodiversity: 
1. Coral Cover  
2. Fish Biomass 
 

Culture Services: 
Recreation  
Tourism 

Provision Services: 
Water Quality 
Biodiversity: 
1. Coral Cover  
2. Fish Biomass 
 

Regulating Services: 
1. Erosion Control 
2. Natural Hazards 
Culture Services: 
Recreation Sites 

 

Provision Services: 
Water Quality 
Biodiversity: 
1. Coral Cover 
2. Fish Biomass 
 
Regulating Services: 
1. Erosion Control 

2. Natural Hazards 
Culture Services: 
Recreation  
Scenery Landscape 
Community  
Spiritual  
Wildlife 

Directly Use – Enjoyment 
Recreation  
Methods: Reveal preferences  
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Previous EV Hawaii Coral Reefs 

• Cesar, H.S. et al(2004). 
Economic valuation of the coral 
reefs of Hawai'i. Pac. Sci. 

Most Comprehensive Hawaii Based 
Valuation study over 20yrs old 
(Cesar et 2004) 

Estimates Total Economic value 
~$600million (2024 $) with $23.7 
Mil from Resident Recreational 
Value 

 

 

 



Our Team 

Updating studies  

• Fezzi, C., et al(2023). The 
economic value of coral 
reefs…. Eco. Econ. 

Residents all users 
(direct use) 

Spatial tied Ecological 
Conditions 
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Theoretical Framework  
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Random Utility Model: 

 
𝑈𝑖𝑗 = 𝑉𝑖𝑗 + 𝑒𝑖𝑗 

Assume maximizes income, 𝑚, over exogenous 𝑥𝑗  that influence demand for recreational 
trip 

𝑈𝑗
∗ 𝑧1 𝑥𝑗 , 𝑚 , 𝑧2(𝑥𝑗, 𝑚, 𝑦 , 𝑦) = 𝑈𝑗

∗(𝑥𝑗 , 𝑚, 𝑦) 

Where 𝑧1& 𝑧2, 𝑠𝑒𝑡 𝑜𝑓 𝑔𝑜𝑜𝑑𝑠 , 𝑚 = income, 𝑦 ecosystem 

 

Changes Ecosystem => Calculate Compensating Variation  
 

 

 

 

 

 



Recreation Values 
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•Coral Reefs increases 

utility when 
snorkeling available 

 



Assumptions Resident Recreational Value 

Original WTP for sites: 

 
𝑊𝑇𝑃𝑗𝑠
 = 𝑓(𝑧𝑗𝑠, 𝛽 𝑠) 

Where 𝑗 = site & s = population 
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Transfering to New sites, i, & 
Population, r   

where i ≠ j & r ≠ 𝑠: 

𝑊𝑇𝑃𝑖𝑟
𝐵𝑇 = 𝑓([𝑧𝑖𝑟

1 𝑧𝑗𝑠
2 ], 𝛽 𝑠) 

 

 

Annual Value : 
where m = 𝑐𝑜𝑢𝑛𝑡𝑦 𝑖𝑛𝑐𝑜𝑚𝑒 : 

𝑊𝑇𝑃𝑖𝑟
𝐵𝑇 ∗

𝑚𝑟

𝑚𝑠=𝑀𝑎𝑢𝑖
∗ 𝑃𝑜𝑝18𝑟 ∗ 365  

 



Define Sites & 
Ecosystem Condition 

Recreation Site: 

• Google API & Tour Guides 

300-meter buffer: 

• Coral Reef(Asner et al 2020) 

•  Resource Fish Biomass 
(NOAA 2017) 
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• Population km 
square 

• Distance/time 

   to site 

Define 
population & 
distance/time 



Resident Welfare 
Generated Annual  

•$113 Million (2024 
$$) which is .1% of 
Hawaii's Annual 
GDP 

 

•Compared to 
Previous Study 
$23.78M (2024 $) 

 

 

 

 

 



Spatially Simulated Scenarios 
for Hawaii's Nearshore 
Environment   

Incorporating Ecological Modeling Under Climate 
Scenarios 



Atlantis Model 

• MSEAS Season 10: 
Lansing Perng: Modeling the 
impacts of climate change on 
coral reef social-ecological 
systems: Insights from the Main 
Hawaiian Islands 

 

• Climate Scenarios 
• SSP1- SSP3 

• CO2 Emission pathways 

• Ocean Acidification & Warming 
impacts 

 
 



Identify Genus within Atlantis 

Coral Reef Types 

• Pocillopora, Porites branching, 
Porites massive, Montipora 

 

 Time Steps  to 2100 per box 
and calculate each time step: 

𝑦𝑏𝑡 =
 𝑉𝑜𝑙𝑏𝑡

 𝑉𝑜𝑙𝑏𝑡=0
  

where 𝑣𝑜𝑙 is sum of volume 
coral reef in box, 𝑏, at time, 𝑡 

 

 

This Photo by Unknown 
Author is licensed under 
CC BY-SA-NC 

This Photo by Unknown Author is 
licensed under CC BY 

Photo: Zac Forsman 

https://www.flickr.com/photos/johnwturnbull/51128596841
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.flickr.com/photos/jsjgeology/16091111951/
https://creativecommons.org/licenses/by/3.0/


 
Nearshore Predictions  

 

 Match rec site to 
nearest 
nearshore 
Atlantis site 
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SSP1  
Current Predicted 

Changes in Welfare 

SSP1 2050  
Predicted Changes in 

Welfare 

SSP1 2100  
Predicted Changes 

in Welfare Using SSP1 
Scenario and 
Spatially 
Predicted 
Outcomes 
from Atlantis 
Modeling  
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Annual Welfare Loss with 

Long Term Discounting Circular A-4 

SSP1 SSP1 OA SSP3 SSP3 OA



Shortcomings: 

•Population Dynamics 

• Explore Preference 

•Marginal Benefit function  

Expanding Sectors: 

• Expand to tourism sector 
values reef-adjacent 
dependence. 

• Indirect values from 
housing 

 

 

 



Thank You 
Ashley Lowe Mackenzie 

alowemac@Hawaii.edu 

Oleson Lab NREM 

http://www2.hawaii.edu/~alowemac/ 

http://www2.hawaii.edu/~alowemac/

