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Background 
  
The 100 Island Challenge 
Scripps Institution of Oceanography (SIO) has a vast pool of resources used to conduct 
cutting edge research, leading many fields in marine science and oceanography by 
utilizing the latest technologies and tools available to science. The 100 Island challenge 
is an initiative from Stuart Sandin and Jennifer Smith’s labs at SIO to document the vast 
variability of coral reefs throughout the world using a standardized set of survey 
methods allowing a large scale comparison of the variables that affects the health of the 
reef. Through this initiative, they have created the infrastructure required to collect, and 
process images of coral reefs to generate large, high resolution 3D models of coral 
reefs.  These 3D models are an extremely powerful tool to create a virtual snapshot of a 
coral reef and extract important biological data which would have taken hours 
underwater to generate. 
  
The 100 Island challenge has taken researchers throughout the world’s reefs to collect 
data, collaborating with partners on the ground on each island. Recognizing the power 
of this tool and seeing the potential for other collaborators to benefit from the pipeline 
that has been created as Scripps, the Hundred Island Challenge reached out to 
partners in Micronesia who have been doing coral reef conservation and have 
expressed interest after seeing the models during a previous monitoring trip. 
  
OneReef 
OneReef is a non-profit organization that uses a community partnership model, fitting 
together funders with a desire to conserve reefs with communities that are directly 
taking care of the reefs. They currently work with eight communities across Micronesia. 
In Palau, there is Hatohobei and Ngarchelong community. In the Federated States of 
Micronesia (FSM), OneReef is working in Pohnpei in partnership with the Conservation 
Society of Pohnpei (CSP) a non-profit organization, and they currently are jointly work 
with five Pohnpei communities, Ant Atoll, Lenger, Takaiou, Pakin, and Palikir. OneReef 
also works in Yap with Ngulu and Nimpal communities. Recognizing the need for 
partnerships, they brought the 100 Island Challenge team to Palau to assist with 
scientific needs of these organizations. OneReef organized a workshop in Koror, Palau, 



bringing in team members from SIO to teach representatives from each community how 
to utilize the tools at SIO to provide much needed scientific monitoring to the work that 
they are doing. 
  
The goal of the workshop was to provide the three communities with the camera 
equipment and other tools necessary to collect photos of their own reefs, train them on 
how to properly utilize the camera and other equipment, then send those photos back to 
Scripps where they will be processed into a 3D model and send back to Micronesia. 
This workshop is to act as a proof of concept in bringing this technology to island 
nations throughout the world that would also benefit from the coral reef 3D model 
technology. 
  
Challenges with Conservation Technology 
Conservation technology, utilizing advances in computing and engineering and towards 
the preservation or conservation of natural resources, is a rapidly evolving field. 
However, there are many cases where technology intended so solve issues in the 
environment does not actually address the intended problem, fail to become adopted or 
does not actually get into the hands of those who would benefit from them. As Joppa 
(2015) puts it, “for every solidly planned and implemented project…there are a host of 
scattered and inconsistent approaches to using computational technology to solve real 
world conservation problems.”[1] While there are risks that the sharing and 
implementation of 3D model technology will fall victim to this same tendency, there is a 
greater opportunity that this tool can improve the conservation of management of coral 
throughout the world. This paper looks to identify how 3D coral reef models will be a 
benefit to partners in Micronesia and recommend specific ways and products that can 
be used to address their needs. Additionally, the issues of technology transfer touch 
upon the relationship between academia and management, as well as scientists and 
island communities. It is commendable that the Sandin and Smith labs are willing to 
share the tools that they have developed to build the capacity of partners who would not 
otherwise have the resources. This paper will also provide context, information and 
recommendations to help facilitate a successful transfer of technology that fulfils the 
needs of  both parties and furthers the conservation of coral reefs. This workshop is a 
proof of concept, an experiment to determine future feasibility, but there are multiple 
issues that need to be addressed. The observations and lessons learned during this 
process can be put to improve future workshops and engagement with other island 
communities. 
  
3D Model Process 
  



There are three main steps involved in the 3D model process: 
1. Collecting images of coral reefs in the field 
2. Processing the images into a 3D models using computer software 
3. Analyzing and visualizing the 3D model 

  
The process of creating a 3D coral reef model involves taking hundreds or thousands of 
photos of an areas of coral reef while either SCUBA diving or snorkeling. These photos 
are processed by a computer program, using a process called photogrammetry, to 
match overlapping photos and combines them to create one large, high resolution 
image of the coral reef. By comparing multiple photos of the same coral head, taken 
from different perspectives, the computer program can then calculate the shape of a 
coral head and when thousands of photos are combined, the result is a realistic model 
of the coral reef. Once generated, this model can be analyzed allowing scientists to 
perform many of the same measurements that they would make in the field, except 
without the limitation of time.  
  
To achieve proper alignment and high enough quality in data, a high grade DSLR with 
the correct lens should be used. The first issue to address is simply the physical access 
to tool required to use the technology. This includes having adequate cameras, 
underwater housings, storage for digital data. SIO is fortunate in its access to funding 
sources which have been able to provide the resources to purchase the necessary 
camera equipment for each of the partners in Micronesia. In addition, the donors have 
also provided the funding to send team members to deliver the gear and to train 
partners in how to properly use them in equivalent ways of the 100 Island Challenge 
team. The barriers to this issue lie in procuring enough funding to cover the cost of 
equipment and travel, and the availability of qualified teachers to run the workshop, 
which, while simple solutions, should not be taken for granted. As camera equipment 
becomes cheaper and more teachers become qualified, this barrier should theoretically 
become smaller over time. 
  
The next piece in the process is a large technological hurdle for organizations to us 3D 
models, involving the transfer of data, the digital processing, construction of the 3D 
models, and the visualization of that data. Although many have started to adopt these 
tools, it remains highly technical, not readily accessible to most people who lack 
powerful computers, and the knowledge to properly use the software. Over the past few 
years, the Sandin and Smith lab has been leading the way in this realm, addressing 
many engineering and scientific limitations past what was ever thought possible, 
creating custom visualization software and amassing computing power dedicated to 



creating coral reef 3D models. In this process, a pipeline has been developed with the 
necessary computing ability combined with skilled and knowledgeable personnel that 
can generate models in a relatively quick and easy way. A process that might take a 
person on their own days or even weeks to accomplish would take hours when utilizing 
the infrastructure built to support the 100 Island Challenge. Providing access to this 
pipeline, with support from experienced technicians, custom visualization and analysis 
software developed by computer engineers, and advice from knowledgeable scientists 
is a fantastic resource offered to partners, one that few others would be able to provide. 
With access to this pipeline of people and technology, the possibility of creating large 
detailed 3D models goes from a dream to a reality for anyone with the resources to get 
the camera equipment and training necessary. 
  
With the possibility of creating 3D models now a possibility for Micronesian partners, the 
question becomes: what do you do with them once they are created? Academics have 
devised a plethora of ways to mine 3D models and extract the layers of information that 
they hold, for example, measuring the three dimensional structure of a reef, categorizing 
coral species to determine reef composition, and tracking reef response to bleaching 
over time among. Many of the analysis are things that have been historically measured 
and the 3D models have provided a new alternative to get the same measurement, 
while other analysis are things that have not been able to be calculated, on the same 
scale previously. 
  
The strength of 3D models is the visual aspect allows it to be easily understood, 
especially by a lay audience. Photos and video have been the traditional way to show 
the status of a reef accompanying the graphs or numerical data that describes it. 3D 
models are the data themselves, so have the advantage of showing, rather than telling, 
the results of a survey. In addition, comparing models at different time points can 
demonstrate change in a reef on a scale that couldn’t be done previously. For example, 
while it is difficult to understand what a decrease in 20% coral cover might look like 
unless you have extensive experience on a reef, it is easier to see that difference when 
comparing two models side by side. 
  
3D models have a variety of applications for both scientific monitoring purposes as well 
as visualization or outreach purposes. Subsequent sections will describe how these 
aspects can be more specifically applied to communities in Micornesia. 
  
  
The Workshop and Participants 



The workshop occurred on March 28-30 in Koror, Palau. Five organizations were 
present, with a total of 16 participants total: a team of Ngarchelong Rangers (3); 
Conservation officers from Helen Reef in Tobi state(2), representatives from the 
Conservation Society of Pohnpei (3); members of the non-profit, OneReef (3); and a 
team from Scripps Institution of Oceanography (5). 
  
The format of the workshop was intentionally designed to limit the amount of classroom 
lecture and maximize hands on learning opportunities. The morning of the first day was 
in the classroom at Sam’s dive tours with a short overview of the 100 Island Challenge 
and a brief explanation of how the technology works. The camera rig and equipment 
was then distributed to each team followed by a lengthy tutorial on assembly and 
operation of the camera and practice survey techniques on land. At the end of the day 
was a discussion on the various image based products that could be created with the 
3D models and an explanation on the uses of each. The subsequent two days were 
spent in the field practicing with the camera rigs to collect data under the supervision of 
the team from SIO to give feedback and advice. Following the dives were a tutorial on 
data download to ensure that files were organized properly and metadata attached 
correctly. The photos from the first day of diving was processed overnight to create 
models that were able to be viewed before diving the next day giving participants the 
opportunity to see how they did the first go around and make adjustment. By the end of 
the workshop, each team had surveyed four plots successfully. 
  
Throughout the entire workshop, during breaks, lunch and on the boat, informal 
interviews and conversation about the needs of each community informed much of the 
information that fills this report. Questions were not pre-formed, but conversations were 
directed in a way to get participants feedback about the workshop, needs in their work, 
and aspirations about 3D models.  In addition, following the workshop, additional 
conversations with OneReef, local dive shop owners, and academics at the Coral Reef 
Research Foundation informed the context of this report. One day was also spent 
accompanying the Ngarchelong Rangers to Ngerkeklau island to see Rangers 
operations and to meet the rest of the Ranger team that wasn’t at the workshop that 
would be also doing mosaic surveys.  An additional goal was to build trust and 
relationships with the members of the rangers as a foundation for a partnership in the 
future. 
  

  



Target Audiences and Appropriate 
Communication Products: 
  
  
General Community: 
  Communities are interested in changes in coral over time especially as it 
connects to how much fish is available. Ngarchelong conducts presentations to their 
community every quarter and would benefit from visuals to illustrate what his officers 
are seeing on the reef. Video, especially fly throughs, and time series would be best to 
illustrate these differences. In Pohnpei, important information is shared informally over 
sacau in the evenings so physical products like 2D printed posters of orthomosaics or 
interactive 3D models would be allow Pohnpeians the ability to share the data that they 
have. 
  
Elders: Engaging elders to interact with the video could create an opportunity to talk 
about reef health. In this situation, important aspects would be bringing areas that would 
be familiar with those the elders, using the 3D models as a comparison to compare to 
the baseline that is stored within the memory of the elders. The only way to get the data 
that is within the memories of the elders is through asking and listening, but it provides 
data going back to many generations ago, something that is impossible to do any other 
way. Using a medium that is simple to understand like video would be a way to start the 
conversations, but to fully utilize engagement, it would require much knowledge of what 
is important to the community. For example, showing generic coral of any spot in Palau 
would be useful, but knowing the location of a specific fishing hole that has been used 
for generation would trigger that specific memory in an elder giving them an opportunity 
to contribute what they know about an area. The key aspect here is that the model or 
the video doesn’t tell the elders anything about the reef, allowing them to interpret what 
they are seeing based on past experiences. The goal is to let them provide their 
historical knowledge, in context of what it looks like now, giving them a platform to 
compare and contrast their memories with the 3D model. As is the process when 
engaging any person with sensitive information, an extra layer of respect needs to be 
taken when engaging with community elders. 
  
Education: 
The Ebiil Society showed much interest in using generated models to teach kids about 
coral reefs in Ngarchelong. They have computers, but not the capacity to run Viscore, or 
a 3D rendering program, so 2D digital products would allow the students to interact with 



the data. Using simple programs like imagej, they could run simple analysis that don’t 
require extensive species identification, like identifying and counting giant clams, sea 
cucumbers and other benthic invertebrates. Education programs would also benefit 
from the VR video of the reefs as they are already being utilized by some in the 
classroom and are a fun, experiential learn opportunity for kids to visit parts of the 
ocean that they wouldn’t be able to see. 
  
Government officials: 
There are a few important objectives in communicating with government officials, one 
being the allocation funding for conservation organizations and enforcement officers. 
Adding new monitoring techniques requires additional resources to go purchase 
additional extra gear, hire more manpower, and allocating gas and boat time. To 
convince a governor to provide funding for mosaic imaging, one must convey the power 
of the technology, but more importantly the capabilities of the conservation officers. 
Addressing this audience is less about the data side of the technology, and instead 
emphasizing the capacity building of the officers and the enforcement agency. Using 
images and video to showcase the officers conducting the surveys in the water and 
showcasing the products that come out of it elevates the skills of the officers that now 
have a skill previously only reserved for scientist. Emphasize how the data can help 
them inform their decision making to topics that are relevant to that particular state. For 
example, Ngarchelong state is interested in increasing the number of tourists that visit 
the area, funneling in some of the revenue that is mostly going to the Koror state. 
Showing models of reefs in areas with and without tourism can inform how much 
tourism is brought into Ngarchelong and would be of great interest to the govenor. 
Another issue that is important to Ngarchelong is the impacts of night poaching inside 
the marine protected area, so being able document and visualize those impacts would 
also be of interest. Focusing messaging on state specific interests, topics like tourism, 
poaching, and fisheries,  instead of scientific interest that might not resonate with the 
community, such as climate change or bleaching would be a more effective messaging 
tactic for local government officials. 
  
Donors: 
OneReef’s model is to connect donors to communities, and 3D models are an 
opportunity to connect potential donors to the coral reefs that they might be funding to 
protect. OneReef showcases that it is able protect reefs at $2 per acre, emphasizing the 
importance of showing exactly how far a donation  will go to conserve an area. Getting 
the same information about how much it would cost per 10x10 photomosaic would also 
give a number that would be useful to sell to a potential donor. For a certain price, a 
donor can sponsor a number of sites to be continuously monitored using 



photogrammetry, and can actually see the plot that was monitored by sending them a 
visualization of the model. A video fly though showing the best looking features on the 
reef or a 2D orthomosaics of select areas, showcasing the improvements over time 
would be great tools for this. In addition, inserting a donor’s name into the model (on 
calibration equipment, for example) might incentivize individuals who respond well to 
recognition, or to sponsor a reef in a particular person’s name. In the same way that 
people are willing to donate to adopt a child in Africa, a tree planted in their name, or 
even have a star named after them, people are willing to donate to a cause knowing 
that their particular donation is tied to an individual action. The advantage of using a 3D 
model is that the person potentially has the ability to visit the individual plot sponsored, if 
they ever visit Micronesia. 
  
Dive Industry : 
3D models have been used in Palau’s diving industry going back at least 10 years. 
Many dive sites, especially the shipwrecks, have been mapped to be used in dive 
briefings, logs and guide books. At FishNFins, models were created around 10 years 
ago but many of these models have become outdated so are not as utilized now. These 
models showed the bathymetry of the area, not any detail in the reef itself so while 
useful in describing the dive, were not very informative or aesthetically pleasing overall. 
In addition, there is a barrier in how to distribute the model to the customer after the dive 
models were housed on burned CD that were physically given, but there weren’t any 
disks available anymore. Dive industry professionals at Sam’s dive tours showed 
interest in the 3D models that they would be useful during dive briefings or to showcase 
dive sites on a website or physically in the dive shop. Useful products for the dive 
industry would be a map of a reef that a divemaster could use to map the route of a 
dive. This could be a physical map that would be a zoomed out version of the reef or a 
digital version that would accessible through a tablet. However, there was a general 
lack of enthusiasm past the coolness factor that the 3D models would actually be useful 
to a divemaster. Unless the 3D models were able to be marketed as a sellable product 
to customers, there was a skepticism that they would serve useful to a dive shop 
beyond a gimmick. The opportunity for engagement with dive shops would rely upon 
some sort of incentive to adopt that would be beneficial to the dive shop like creating a 
sellable product that could be marketed as a souvenir of a specific dive site. If shown 
that 3D models can bring in revenue, there would be much higher likelihood that dive 
shops could also be used to capture photos for models, especially useful because of the 
underwater capacity that dive shops have in technical diving and photography. 
  
  
  



Stories: 
Especially in pacific islands, storytelling is an important way to transfer knowledge, so 
harnessing stories is essential to crafting messages using 3D models. A few of the 
stories that can be told about Palau involve the various management practices that 
have been put in place in recent years. Efforts like the Micronesia challenge, which 
charged various nations in Micronesia to protect a proportion of their waters and land, 
were controversial at the time of implementation but their effectiveness can be 
demonstrated by using 3D models to show changes to the reef over time. Documenting 
the changes between protected areas and non-protected areas using 3D models would 
be useful in gaining community support for current and future management decisions. 
Another story that could be told is the Palau Pledge, a written agreement that all visitors 
to Palau must take upon entry to the country to be mindful of impacts and emphasizes 
Palau’s environmental protection efforts that have been put into place. The pledge is 
taken for the sake of the children of Palau and relates to green fees that each visitor 
must pay upon entry. Showing the improvements that Palau has seen over time with 
effective management is a story that would be bolstered with associated imagery of 
reefs at multiple time points. When telling stories it is important to maintain scientific 
integrity of the data since, as with any imagery or data, anything can be manipulated to 
tell the story that is wanted to be told. 
  
  
  

Benefits of 3D Coral Reef Mosaics 
Data Collection 
The first benefit that 3D mosaics can have in Micronesian communities is an increase in 
the quality, scope and amount of data that can be collected compared to the current 
state. For conservation officers, their main focus is to enforce the regulations of the area 
and to ensure that problems such as poaching are minimized. In Ngarchelong, rangers 
are currently not performing any monitoring, leaving that to PICRC and other 
organizations that are more specialized in that sort of scientific applications. The 
Ngarchelong rangers want to be able to conduct their own monitoring to be able to 
create a more complete dataset of the areas that matter to them at a higher frequency 
to be able to answer questions that are important to their community in particular. 
  
Monitoring 
Areas that are important to monitor include impacts of tourism, poaching, and the 
effectiveness of marine protected areas that have been implemented in the area. 
  



Tourism 
Tourism has become the main source of industry for the nation of Palau, growing the 
economy to a service based nation. Palau’s pristine marine resources are the main 
draw for visitors with most tourists engaging in snorkeling, SCUBA diving, or boating 
oriented activities. There are impacts to the coral reef that are associated with these 
kinds of activity from kicking coral, anchoring on corals, or associated pollution. While 
currently, the majority of tourism is focused in the Koror region of Palau, the northern 
states also want to receive the economic benefits and so people like the governor of 
Ngarchelong are looking into starting tour companies in his state. There is a hesitancy 
to bringing tourists to such a pristine area because of the risks of causing damage so 
establishing a monitoring plan to track changes to the reef would benefit policy makers 
in future decisions about whether to continue or grow the amount of tourism in an area. 
One beneficial aspect of monitoring tourism compared to other impacts is that many of 
the damages are confined to a small area, and those areas are known, compared to 
monitoring the impacts of poaching or bleaching for example. There are already tourists 
in the Ngarchelong area which have anecdotally had impacts upon the coral of the area. 
The Ebiil channel, area with beautiful and healthy corals located between two sand 
bars, becomes extremely shallow during low tides, making it a highly vulnerable to 
trampling from unaware tourists. The scale and resolution the large scale mosaic 
imagery creates is perfect to measure these types of impacts upon a contained area. 
  
MPA Effectiveness 
In the last ten years, the initiative to protect marine resources resulted in the Micronesia 
Challenge, a pledge from the various states in within federated states of Micronesia to 
commit to create protections of the nearshore environment. In Palau, the Micronesia 
Challenge has resulted in a protected areas network (PAN), which includes marine 
protected areas that are individually managed by their respective states. It is important 
to create areas that are compatible with the local customs and traditional resource uses 
in each state, but is also difficult to spread resources allocated to each state. For the 
state government with limited funds provided for marine management, the preference 
often goes to the enforcement of rules and protected areas, relying upon other agencies 
such as PICRC to conduct the monitoring. In an ideal version of community based 
resource management, it marine protected areas would be created, enforced, and 
monitored at the local level, but lack of scientific capacity for individual states limits the 
amount of monitoring that each can do. 
The use of 3D mosaics can be of great benefit to the individual states to monitor the 
effectiveness that their MPAs have had on preserving their marine resources. The 
simplicity of data collection, requiring some diving, and camera skills, but not a science 
degree, is its best strength. Anyone can collect data that is accurate since extracting the 



data from the photos removes much of the observer bias that you find in other citizen 
science initiatives. However, there is one large limitation to 3D mosaics due to the fact 
that it can only measure the benthic environment, and not the amount of fish, which is 
usually a primary concern of the community and driving force behind MPA 
establishment. 
  
Evidence of Poaching 
Associated with the effectiveness of a marine protected area is the ability to enforce the 
rules and the compliance from within the community or outside fishermen who may 
poach. Poaching within protected areas is a known problem for conservation officers in 
Palau especially in remote areas, or when resources for enforcement officers are 
limited. Poachers often come at night when conservation officers are not able to catch 
them, but they leave evidence of their poaching either in physical damage to the reef or 
the ecological results of illegal fishing. A large complication of the poaching equation is 
the relationship that the poachers as well as the conservation officers have with the 
community and with each other. In communities of only a few hundred, almost everyone 
in a community is related either directly to one another or through marriage making 
enforcement of regulation more than a question of legality or not depending on previous 
relationships and status in the social hierarchy. 
The hope of conservation officers is the 3D mosaics will create a way to document 
some of the impacts that poaching has upon the marine protected area to track the 
amount of poaching that they are unable to catch in person and, armed with this 
information, justify requests for more resources from local government officials. The 
other hope is that by documenting and sharing the impacts of poaching with members 
of the community may deter poachers because they would be able to see how their 
actions are detrimental to the reef. The enforcement of marine regulations and the 
associated breaking of those regulations by poachers is a very complex issue that 
involves social, economic and traditional factors much beyond the scope of what 
information gained from ecological monitoring can hope to address. However, 3D 
models are another tool that can be used to gain and document information about the 
reef that would be useful to decision makers, managers and community members as 
they solve issues of illegal fishing within their protected areas. 
  
Traumatic Impact Documentation 
Traumatic impacts such as boat groundings, storms, and coral bleaching may occur 
having major impacts on reef structure and composition. It may be greatly important to 
document these traumatic events in order to correctly measure those impacts and 
attribute damages to a specific event. Comprehensive baseline data is also important in 
order to compare the status of the reef after a traumatic event so continuous monitoring 



is key to effectively measuring change. These impact assessments can be used in 
Environmental Impact Assessments, disaster recovery plans, or in the creation of policy. 
For example, documenting the amount of coral that bleached during the 2015-2016 El 
Nino bleaching event informed policy makers when allocating coral reef conservation 
funds in the subsequent years. Documentation of anchor damage upon was important 
in calculating liability upon the negligent party in the Caribbean. Reef 3D mosaics give 
individual states the ability to create documentation of any potential impacts without the 
reliance upon outside parties to come in an assess for them. 
  
  
Outreach and Community Empowerment 
Beyond the direct benefits that can be gained with the increase in data about the reef, 
utilizing 3D mosaic technology is a great opportunity for outreach and community 
empowerment in Micronesia. 
  
Management Capacity Growth 
The ability for each state to manage their own resources was a progressive aspect of 
the Micronesia challenge which fostered the potential for bottom-up, state focused, 
decision making resulting from a top-down, federal initiative. As stated earlier, the ability 
for management organizations of each individual state is a huge step for the states in 
managing their own resources and not being dependent upon agencies at the national 
level. 
  
Data Ownership and Trust Building 
An important aspect of the way that SIO has set up their partnerships is that all the data 
belongs to the people who collected it and is just processed at SIO, then sent back to 
the partners. The 100 Island Challenge has no intention to keep or use the data learning 
more from the process of sharing the capacity and the various uses that others may 
come up with rather than use the data themselves. This is important because the aspect 
of data ownership is important to building trust within the community. When 
communicating the results of a survey to communities, the source of that information is 
critically important in assessing its validity and reception of the overall messages. Most 
people do not have the scientific training, or statistics background to evaluate raw data 
that is presented to them to see if they were don’t correctly or not. The reassurance that 
the collection and analysis was done correctly falls upon the trust of the source so, 
especially when the data disagrees with public opinion or causes controversy, 
community members may become skeptical of a result, regardless of the scientific rigor 
it possesses. The sentiment of distrust of outside sources came up with multiple 



communities and is a problem that can be addressed by allowing the people from within 
the community collect the data and present it themselves. The process of creating a 3D 
model should not rely upon who takes the photographs because as long as they are 
taken in the same way, the model should come out the same as well. However, when 
trying to build trust in data, it matters who is behind the camera taking the photos. When 
presenting to a small community, data that was generated from people of that 
community has an extra layer of trust attached to it. 
  
Outreach 
Using 3D models of coral reefs have an additional benefit in this aspect because they 
are able to convey data in a format that is easier to understand than traditional ways of 
displaying data such as in graphs or statistics. Imagery of coral reef in intuitive and easy 
to understand even for people with limited background with the underwater world. Many 
community members are unable to view the underwater world so the imagery is a way 
to connect people in the community to their marine resources when they would not have 
access otherwise. Specific audiences and communication products for each will be 
addressed in the next section. 
  
Community Capacity Growth 
Using 3D modeling technology is not only a way to grow the overall capacity of an 
organization but can also have positive impacts on the individuals in that organization. 
There is often a high turnover in conservation officer positions as they are not often the 
highest sought after job on the island, from factors like difficulty, hours and pay. Training 
conservation officers to conduct scientific monitoring using technical equipment 
provides an opportunity for professional growth that might not have been available 
otherwise. This can result in legitimacy as a spokesperson within a community that 
might only know that individual in a former context. Especially in Palau, where 
Government officials think very highly of foreign experts and scientist, receiving training 
and having a partnership with Scripps adds weight and validity to what an organization 
or even an individual has to say. 
  
Next Generation Engagement 
It is possible to engage the youth of Micronesia to participate in coral reef monitoring 
using the 3D models and pipeline of technology that SIO has established. With an 
upcoming generation that has grown up in a digital world, adoption of the tools would be 
quick, even for highly technical platforms like Viscore. Micronesian youth today are 
outside less than before, opting to spend time using technology instead of in the natural 
environment, even in a place so rich like Palau. 3D mosaics can fit in both worlds, 



providing opportunities to visit the coral reef, observe the natural world, and gain 
connection to the resource while appealing to the desire to learn new technology. 
  

  
Recommendations for Enhancing Communication 
products 
The current products used to communicate 3D models convey most messages and 
stories that a community would want to tell. The fly through video is especially powerful 
especially  when two separate time points of the same area are combined to show 
change over time. There are additional way ways to enhance understanding, trust and 
messaging, by adding specific locations to each model, grounding the virtual image in 
reality, and by allowing the imagery to be interactive. 
  
Match Locations of Imagery 
The flashiness and newness of 3D models make them engaging to look at but beyond 
once the initial excitement of seeing something new wears off, interest begins to wain. 
Adding location context, allowing people to know specifically where they are looking 
allows them to put the models in a larger picture and make comparisons much more 
meaningful. Especially providing models communities who are familiar with their 
geography, being as specific as possible gives models more credibility. Using GIS tools 
to map out locations, and linking them to imagery, for example videos of fly throughs 
can be done using tools like ArcGIS storymaps. One caveat of this recommendation is 
to be careful not to reveal sensitive location information, which can be addressed by 
consulting local leaders. 
 

  



Ground 3D models in Reality 
3D models of reefs are extremely accurate and realistic representations of the reef but 
are two steps away from the real thing. Grounding the models in video of the same 
regions of the reef, provides context, and verifies to the viewer that what you are seeing 
in the model is what you’re seeing out on the reef. Overlay or split screen views 
between the modes and the real life reef compliment each other, providing information 
that only one of the two can’t provide on their own. 3D models don’t capture water, 
background, or anything that moves, especially fish, something that can be shown using 
video. On the other hand, recreating video of the same spot on the reef between years, 
while possible, is difficult to do while diving but easy to do while diving. 
There are a few technical considerations of matching video to 3D model, smoothness 
and model gaps. Model fly throughs are computer generated so are perfectly smooth, 
while it is nearly impossible to get the same quality of smoothness in video. To address 
this, videographers should emphasize smoothness and swim extremely slow, consider 
shooting video in a higher frame per second (60 fpm) to give the option to manipulate 
the speed of the video. Artificially smoothing any video using stabilizing or smoothing 
software (like in adobe premier or Da Vinci Resolve) is effective at reducing a high 
amount of handheld shake, but involve cropping the image so using a high resolution 
video is necessary. While capturing mosaic images, emphasizing to the camera 
operator to capture oblique angles would fill holes in the model that are more apparent 
when matching fly throughs to video. This step is time consuming in the field so it is 
necessary to coordinate areas of interest to capture video and extra images. 
 
Interactive Imagery 
Experiential learning, unguided interactions, allow people to explore the reef and look 
the parts that are most familiar with. Each person sees the reef differently, based on 
what they know and what they are interested in. While curated messages are useful to 
demonstrate specific points, providing the capabilities to look at the entire reef image, 
unguided by a fly through or narration, lets people see what they want to see and 
connect to what they know. It is difficult to balance providing enough context to allow 
people to understand what they’re looking at and allowing them to control their own 
experience so the amount of guidance will need to vary based on the audience. While 
this is not currently possible with 3D models at this stage of the visualization software, 
the first iteration can be created with 2D imagery. 



  
  
  
  
  
  
Recommendations for Working with Community Partners 
  
Go Beyond Data 
At its current state, implementation and adoption of 3D model technology will require 
more than generating scientific data for partners who wish to use them because current 
methods of extracting data from models are not practical for most organizations. 
Technical limitations like powerful computers, access to viscore software, and data 
storage are one aspect, but more importantly, the personnel capacity at Scripps is much 
greater than many organizations that would benefit from 3D models. This capacity gap 
exists is both technical expertise and in volume. Although it is possible to train people in 
how to use viscore and extract data, there are very few people with the advanced 
technical skills that will be necessary, for example, to troubleshoot problems that will 
undoubtably arise. The other aspect is in the amount of personnel time needed to 
extract data that is available at a research institution like Scripps in the form of student 
volunteers that will work for experience and school credit. In an organization with many 
needs and limited resources, even those with scientific expertise, dedicating the 
necessary paid personnel time to extracting data in that depth is unlikely. Some 
analysis, like measuring rugosity or generating virtual quadrats to calculate benthic 
composition are easier to conduct, but don’t require 3D models to obtain, so in terms of 
cost effectiveness, it is likely easier to get the data in a lower-tech way. Undoubtably, as 



the technology improves, especially in machine learning, data extraction will reach a 
point where it will become practical for but until those tools become available it is 
unreasonable to expect partners to be able to use 3D models for monitoring purposes. 
  
Multiple time points, and the ability to visualize change over time is one of the strongest 
aspects of 3D model use, so the sooner partners begin to generate mosaics of reefs, 
the more useful they become to them. If partners are not able to extract data for 
monitoring, it is necessary to provide alternative uses that are worth the time and cost of 
capturing mosaic imagery, like communication products and outreach material. In 
addition, it should be clear to partners that investing in mosaics and 3D modeling will 
likely not see immense benefits in the short term and many of the results and data that 
would be most helpful will take many years to come to fruition. 
  
  
Communities are Just as Interested in Relationships and Capacity Building as the 
Technology 
The ability to use 3D modeling technology holds many benefits as detailed in the 
previous sections of this report and it is important to realize that the goal of using 3D 
models extends past just using the technology for its direct benefits and see how 
building capacity has ripple effects that are beyond the obvious ones. Relationships with 
UCSD and SIO carry weight and just having access to the technology backed by the 
authority of Scripps opens doors to resources that might not have been available 
before. Ultimately, the goal of using this technology extends beyond the technology 
itself.  
 
Measure What Matters[1] 
Shifting focus from an academic to a management or community perspective requires 
changing the expectation of knowledge and emphasizing the aspects that have the 
most importance politically, culturally, etc. Distilling down analysis to a simple aspect is 
often unsatisfying to the scientific world who thrive on nuance and specifics. However, 
within a community or management setting, there often isn’t the need or desire to know 
beyond simple measurements, or even yes/no answers. The use of 3D models allows 
for some of the most advanced and complicated analysis that has never been done 
before, but recognizing that while there is room for that type of discussion in the 
academic realm, simple stories are often the key to effectively communicating science. 
When coming up with new ways to measure and analyze 3D models, devising simple 
analysis should be prioritized just as much as complex analysis. 
  
Formalize Agreement with Community1 



There are many instances where goals of academia do not fully align with the needs of 
the community, and this dissonance has caused many instances of collaborations to 
fail. This technology transfer plan is at risk of falling into some of these problems but 
there are great opportunities to learn from those mistakes and successfully transfer 
photogrammetry out of the academic realm to the islands of Micronesia. Having a long 
term commitment is important and it is fantastic that the 100 Island Challenge has 
committed to returning to Palau in the future to conduct future monitoring, and 
potentially additional trainings. 
The 100 Island Challenge lab has a fantastic opportunity to build community capacity for 
three communities in Micronesia based upon a history of interactions and the 
enthusiasm that is felt on both sides to collaborate. It is recommended that there is a 
formalization of this partnership that lays out what Scripps intends to provide in this 
partnership. The benefits of this type of formal agreement run both ways. On the SIO 
side, a formal agreement would set the boundary of what is expected from Scripps. 
While very willing to spread their technology to those who need it and learn from the 
various users who they partner with, SIO is at its core an academic institution, and does 
not have the capacity nor the intention to become an aid organization that funds 
conservation efforts throughout the world. A formal agreement would establish the roles 
and services that SIO is willing to provide, how long they intend to provide them, and 
their overall obligation to each community. This prevents a situation of dependency from 
developing and ensures that SIO is capable of providing what is asked and that the ask 
does not change over time. On the community side, a formal agreement holds SIO 
accountable to the promises that they make, preventing a helicopter science type 
scenario. 
As any partnerships go, agreements should go both ways so the community can make 
commitments to holding up their end of the deal. Each community can have different 
goals that they set themselves, but self created expectations will also create a sense of 
accountability on the community end to further the partnership. It takes a lot of time, 
money, and resources to invest into capacity building and although the prospect that the 
technology transfer might not take hold, it is reasonable for SIO to expect that 
community partners put in their part of the deal. 
Part of this formal document should include a data sharing agreement which lays out 
how SIO should handle, store and distribute any data collected by each community. 
This should lay out who owns which parts of the data, and the protection of sensitive 
information and locations of important resources which may be important to each 
community. 
  
  
Conclusion 



 
Coral reef 3D models are growing in use and represent an important direction that coral 
reef monitoring and conservation is headed. Bringing the technology out of the 
academic sphere and into the hands of managers and communities is an important step 
to them having a meaningful impact, especially in the realm of visualizing long term 
changes and communicating the health of the reef to non-scientists. 
 

 
[1] Adapted from Capturing and Sharing Knowledge for Community Based Conservation 
The Pacific Way  https://www.capturingknowledge.org/ 
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