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Introduction

• Decrease in coral reef 
health

• Hoegh-Guldberg et al. 2007; 
Hughes et al. 2017

• 0.1% of Earth's 
surface, over 30% 
marine biodiversity

• Reaka-Kudla 2005

http://www.cotf.edu/ete/modules/coralreef/CRanthro.html

http://www.cotf.edu/ete/modules/coralreef/CRanthro.html


Introduction

• Provide various crucial 
ecological services:
• Protein and shoreline 

protection
• Burke & Maidens 2004; de Groot et al. 

20; Ferrario et al. 2014

• Past 50 years, world's coral 
reefs have been decimated
• Caribbean reefs lost about 

80% of coral cover
• Jackson et al. 2014

http://www.virtualcoralreefdive.com/peril.php

http://www.virtualcoralreefdive.com/peril.php


Introduction

• Local Threats:

• Overfishing
• Smith et. al, 2016

• Deforestation, sedimentation
• Smith et. al, 2016

• Coastal development

• Pollution
• Zaneveld et al. 2016; Hughes et al. 2018

https://www.independent.co.uk/environment/plastic-pollution-coral-reefs-
disease-damage-seas-oceans-cornell-university-a8178156.html

https://www.independent.co.uk/environment/plastic-pollution-coral-reefs-disease-damage-seas-oceans-cornell-university-a8178156.html


Introduction

• Global Threats:

• Ocean acidification

• Climate change
• Zaneveld et al. 2016; Hughes 

et al. 2018

https://www.iucn.org/theme/marine-and-polar/our-work/climate-change-and-
ocean/ocean-acidification

https://www.iucn.org/theme/marine-and-polar/our-work/climate-change-and-ocean/ocean-acidification


Introduction

• Various factors affect 
reef health:

• Reef location

• Human and 
environmental 
impacts

• Health determined 
through 
multiple methods:

• Bright spots 
(healthy)

• Dark spots 
(unhealthy)

• Cinner et. al, 2016

https://twitter.com/trevorabranch/status/743320235655102464

https://twitter.com/trevorabranch/status/743320235655102464


Introduction

• Distinguish healthy vs. 
unhealthy - compare human 
activity and impact:

• Highly populated areas = 
unhealthy reef

• Low population areas = 
healthy reef

• Smith et. al, 2016

https://www.worldatlas.com/articles/the-10-least-densely-populated-places-in-the-
world-2015.html

https://listverse.com/2007/08/30/top-10-densely-populated-nations/

https://www.worldatlas.com/articles/the-10-least-densely-populated-places-in-the-world-2015.html
https://listverse.com/2007/08/30/top-10-densely-populated-nations/


Introduction

• Climate change: major 
threat

• Hughes et. al, 2018

• Higher temperatures 
= higher mortality rates

• Heatwaves inflict 
irreversible damage

• Hughes et. al, 2018

• Millions of people rely on 
coral for livelihood

• Foo et. al, 2019

https://www.climatechangenews.com/2015/10/08/warming-seas-devastate-
coral-reefs-in-global-bleaching-event/

https://www.climatechangenews.com/2015/10/08/warming-seas-devastate-coral-reefs-in-global-bleaching-event/


Introduction
• Restoration successful in 

rehabilitating populations
• Foo et. al, 2019

• Methods: plant nursery corals on 
weakened reefs

• Young et al. 2012

• Improve species crucial to reef 
health and maintenance

• Ladd et. al, 2019

• Recovery by helping communities 
that provide important ecological 
services:

• Herbivory

• Mixture of various methods (steel 
frames, concrete reef balls, 
transplantation, etc.) could be 
most effective

• Hein et. al

http://www.globalcoral.org/biorock-electric-reef-restoration-projects-to-start-in-
india/

http://www.globalcoral.org/biorock-electric-reef-restoration-projects-to-start-in-india/


Literature Review
Ø Smith et. al, 2016

Ø Evaluating the health of coral reefs and how human 

impacts affect them

Ø Findings:

Ø Majority of reefs on inhabited islands dominated by 

fleshy, non reef-building organisms

Ø Turf algae

Ø Fleshy macroalgae

Ø Non-calcifying invertebrates

Ø Benthic communities from uninhabited islands more 

variable and supported more calcifying organisms and 

active reef builders

Ø Stony corals

Ø Crustose coralline algae

Ø Results suggest cumulative human impacts across the 

central Pacific causing reduction in abundance of reef 

builders, resulting in phase shifts to dominance by 

fleshy organisms



Literature Review

Ø Ladd et. al, 2019

ØImpacts of coral restoration on ecological 

and community structure in reefs

ØDiversity

ØCommunity Structure

ØEcological Processes

 Hughes et. al, 2018

 Global warming transforms 

groups of coral reefs

 Leads to increased bleaching



Literature Review

Ø Cinner et. al, 2016

ØBright spots can determine reef health



Literature Review
ØFoo et. al, 2019

Ø Improving coral reef restoration 

through remote sensing 

technology

Ø is a need for baseline data on

ØNeed for baseline data on global 

reef

ØDistribution,

ØComposition

ØCondition

Ø Provide targets for conservation 

and restoration



Literature Review

ØHein et. Al, 2020

ØCoral restoration 

effectiveness on a 

long-term scale

ØMixed-methods coral 

restoration techniques 

most effective based on 

site analysis



Gap in the Research

 No research has utilized 
remote sensing data to 
track

 Coral health

 Coral species 
identification

 Regional ecosystem 
health

 Predator abundance

 Design mitigation 
strategies uniquely 
based on data 
analysis

https://www.researchgate.net/figure/Components-of-Remote-Sensing-in-
mapping-coral-reefs_fig1_272293192

https://www.researchgate.net/figure/Components-of-Remote-Sensing-in-mapping-coral-reefs_fig1_272293192


Statement of Purpose

• To design global database that 
uses remote sensing (RS) data to 
track

• Coral health

• Coral species identification

• Regional ecosystem health

• Predator abundance

• Utilize data analysis to design 
mitigation strategies 
for unique restoration techniques

https://phys.org/news/2019-04-d-coral-reef-remote-fish.html

https://phys.org/news/2019-04-d-coral-reef-remote-fish.html


Methodology

Remote Sensing (RS) Data - Coral 
Health:

• Thermal stress satellites monitor 
coral bleaching

• Two new monitoring products: 
Regional Virtual Stations and 
Seven-day Sea Surface 
Temperature (SST) Trend

• Regional Virtual Stations 
consists of a regional synthesis of 
thermal stress conditions

• SST Trend describes recent 
changes in temperature at each 
observed location

https://www.mdpi.com/2072-4292/8/1/59/htm

https://www.mdpi.com/2072-4292/8/1/59/htm


Methodology

Remote Sensing (RS) Data - Coral Species Identification:

• Spectral Angle Mapper mixed with an in situ spectral 
library can recognize corals correctly

• Still uncommon to identify hard corals at species level

• Hyperspectral sensing can be used to identify specific 
species

• Visual observation of coral spectra and clustering 
analyses suggest it's possible to separate 3 main coral 
colors: blue, green, and brown

• Could create an optical foundation for RS rather than 
traditional taxonomy

https://www.sciencedirect.com/science/article/abs/pii/S0272771406002289

https://www.sciencedirect.com/science/article/abs/pii/S0272771406002289


Methodology

Remote Sensing (RS) Data -
Regional Ecosystem Health:

• Optical passive RS maps 
habitats

• Habitat/benthic type mapping 
requires highest level of data 
and technology

• RS most cost effective for reef 
mapping

• Satellite RS can assess reef 
environment and map locations, 
but still difficult to determine 
reef health



Methodology

Remote Sensing (RS) Data-Predator Abundance:

• Match appropriate RS observations to species 
distribution with a multi-scale approach

• Aerial and/or ship surveys, GPS tagging, and RS data 
can help identify species and possible feeding habits

• Use higher sampling frequencies and spatial 
resolutions to observe benthic communities, harmful 
algal blooms, feeding/spawning events, etc.

• Sea turtles, sharks, and marine mammals directly 
observed with very high resolution images

https://origin-apps-pifsc.fisheries.noaa.gov/news/where_the_wild_things_are-
camera_fishing_for_predators_in_hard-to-reach-places.php

https://origin-apps-pifsc.fisheries.noaa.gov/news/where_the_wild_things_are-camera_fishing_for_predators_in_hard-to-reach-places.php


Methodology

Data Analysis of Remote Sensing Data:

• LiDAR is highly accurate for mapping 
reef bathymetry

• Process the RS images using an 
implicit surface reconstruction 
algorithm

• Take images from various viewpoints 
and fuse them together to create a 3D 
model



Methodology

Mitigation Strategies for Coral 
Restoration:

• Coral restoration aims to 
reduce severity of local and global 
threats to reefs

• Providing compensatory mitigation for 
environmental impacts is vital in 
restoring species and overall 
ecosystems

• Most restoration programs take direct 
intervention to rehabilitate coral 
species

• Transplantation, fragmentation, use of 
coral nurseries, reef mapping, etc. all 
crucial aspects of restoration efforts

https://dlnr.hawaii.gov/coralreefs/mitigation-bank/

https://dlnr.hawaii.gov/coralreefs/mitigation-bank/


Methodology

Mixed methods:

• Two types: Passive and Active

• Passive: Relies on reflected sunlight or 
emitted heat, includes photographic, 
multispectral, hyperspectral, and infrared 
imaging

• Active: Records a return signal from an 
emitted source, includes lasar-, radar-, 
radio-based settings, and scanning 
approaches

• Best time to acquire data is the summer 
(months w/ highest sun angles and longest 
days)

https://grindgis.com/remote-sensing/active-and-passive-remote-sensing

https://grindgis.com/remote-sensing/active-and-passive-remote-sensing


Methodology



Previous 
Results

• Last 20 years, RS has become much more 
advanced and developed

• Past results indicate ability of RS to map reef 
structure and habitat composition

• Previous studies have neglected to consider 
physical environment of reefs

• Few studies have tried to directly map reef 
health or status

• Remote sensing has been modeled to 
determine bleaching events



Previous Results



Anticipated Results

• Wide variation of coral health 
expected due to varying threats 
and level of severity in various 
regions

• Reefs in locations like the Gulf will 
be more impacted due to frequent 
changes in water temperature

https://www.nature.com/articles/s41598-018-24530-9

https://www.nature.com/articles/s41598-018-24530-9


Discussion

• Database needs to be created before it can 
be implemented

• Results will provide data for restoration 
strategies

https://www.sciencedirect.com/science/article/abs/pii/S0034425720301644

https://www.sciencedirect.com/science/article/abs/pii/S0034425720301644


Discussion

• Research will contribute to reef 
rehabilitation and identify species 
that need to be restored more 
than others

• RS analyses can also determine 
thermal stress levels that contribute 
to bleaching events

• Application:

• RS can supply data on 
environmental parameters and 
marine habitats to help establish 
Marine Protected Areas (MPAs)

https://www.mdpi.com/2072-4292/11/12/1445

https://www.mdpi.com/2072-4292/11/12/1445


Discussion

• Limitations:

• Inaccurate coverage/data estimations 
of benthic types

• Spectral mixing can sometimes limit 
benthic cover quantification

• Depth and turbidity affects optical data 
accuracy

• Spectral sensors unable to target 
specific habitats with high accuracy

• Species should not be grouped together 
to ensure accurate estimations

• Sensors can fail to show the complexity 
of habitats, thus making it harder to 
identify issues https://www.slideshare.net/thiruvengadamnaveen/groundtruth-collection-for-

remotesensing-support

https://www.slideshare.net/thiruvengadamnaveen/groundtruth-collection-for-remotesensing-support


Conclusion

Purpose: Gather RS data to establish a database that 
will be used to design unique restoration strategies

Anticipated Methodology: Use various RS 
technologies and sensors to produce an array of 
information (thermal stress satellites, 3D modeling, 
surveys, etc.)

Anticipated Results: Broad variation of results due to 
regional differences in health, conservation efforts, 
and frequent temperature changes

Significance: Research will help determine future 
restoration strategies to rehabilitate coral reefs



Future Research

Use remote sensing data to create site specific 
mitigation strategies unique to issues at particular 
location

Track coral health over long periods of time
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