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EXECUTIVE SUMMARY

The ocean and its natural capital is under threat from multiple
human pressures, from climate change to overfishing. There

is no single solution, but technologies suitable for use within
blue natural capital projects are emerging rapidly, as young
entrepreneurs and investment crowds into the space.

different
' technologlcol solutlons, dﬁthr\lng both the
current state and the future potential for the
mopplr'rg, # protectlon and restorotlon
of blue natural capital. This technology already
includes satellites and sonar, drones and

This report looks at a nu

computer vision, hyperspectral cameras and
environmental DNA. Our vision is for a future when
the values provided by the marine environment
are quantified and rewarded, where creatures like
the native oyster are rightfully acknowledged as
very valuable for the services they provide. In this

future local communities could deploy inexpensive,

out-of-the-box technology to play an active role
in monitoring the values provided by their blue
natural capital assets.

Above all else, technology could ensure that blue
carbon and other blue natural capital projects

support a healthy, abundant marine environment.

5

Key findings of the report are:

There is always a compromise between data quality
and geographic coverage, with different technologies
appropriate for different use cases. For example,

to map small-scale blue carbon ecosystems (BCE),
precise technology such as drones can be used, but
for country-wide mapping of ecosystems, medium
resolution satellite data is the only viable option.

While technology is progressing to make
measurement, reporting and verification (MRV) of
BCE more scalable, verification bodies continue to
require ground truthing. Ground truthing is time

and cost consumptive, so hinders the scalability
atisation of blue carbon projects. This
ntlnued improvements in

st in the data provided,
ent of respected carbon

>hno ogy, the highest

o

‘%ctrdl lmagery or

If done in the right way, techn lo 0\
could enable a new level of mve__stmep Al

-v-..,_..

Fﬁa bon or blodlverS|ty verlﬁcqtlon

...,e

a more sophisticated seascape appro
new combinations of technology could enhance
our understanding of the marine environment.

Dan Crockett,

Director of Ocean and Climate,
Blue Marine Foundation
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TECHNOLOGY SUMMARY

SATELLITE IMAGERY

refers to images of earth collected by satellite.
Satellite imagery allows for scalable and precise
ecosystem mapping, particularly for mangroves.
In the future, cloud computing and visualisation
platforms will need to bear the load of high
quality data for it to be accessible to non-
experts and local stakeholders.

HYPERSPECTRAL IMAGERY

captures many spectral bands, including beyond
what is visible to the human eye. Hyperspectral
imagery is particularly effective at identifying
vegetation species and health, useful in
accurate ecosystem mapping and monitoring.
The technology’s scalability and accessibility is
currently limited by the cost and inefficiency of
data collection and analysis.

LIDAR

is a method of mapping the seabed using a
pulsed laser to measure distances and create
accurate 3D maps of the ocean floor. Mapping
ecosystem topography and vegetation height,
LiDAR data is particularly valuable since
vegetation architecture, including plant height
and biomass, are important data points in the
estimation of carbon stocks.

SONAR MAPPING

is a technigue to map the seafloor and sub-
seafloor with sound waves. Echosounders’
beams are able to infiltrate metres below the
seabed, providing valuable information on soil
qualities including carbon value, as well as
seabed topography and vegetation cover. While
this technology is in its infancy, it has potential
in the scalable estimation of seabed and

ecosystem sediment soil carbon stocks.

DRONES

are machines that fly without a pilot carrying
sensors, often visual, thermal or hyperspectral
imagery. Drones are easily deployable, high
resolution and affordable for high income
stakeholders. Cost and technical limitations still
limit access to low-income local stakeholders,
where technical and financial innovation is
needed.

COMPUTER VISION

is a field of Al in which computer systems derive
information from images and videos. Computer
vision has the potential to revolutionise
ecosystem and animal monitoring by not only
bearing the burden of the vast amounts of
collected data but also transforming the quality
of insights taken from this data.

eDNA

is DNA released from organisms into the
environment, which is analysed and used for
evidence-based biodiversity monitoring. Data
is collected on species presence, biodiversity
estimates, as well as further information about
ecosystem dynamics.
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SATELLITE

TECHNOLOGY

Satellites are simply machines that orbit the
earth carrying sensors?. Since they vary in
sensor suite (sensors carried), spatial resolution
(size of one pixel) and temporal resolution

(time between measurements), there’s no one-
size-fits-all technology. Satellites can support
optical (for visual and hyperspectral imagery),
infrared, synthetic aperture radar (SAR) and light

detection and ranging (LiDAR) sensors, to name

IMAGERY

a few. In spatial resolution, satellites vary from
medium resolution Landsat (30m resolution) to
high resolution satellites such as WorldView-3
(31cm resolution). In temporal resolution, while
Landsat has provided data every two weeks
since 1972, Planet Labs (50cm resolution)
provides 2 to 12 images of a given location per
day.

BLUE MARINE FOUNDATION 9

USES

The most common use for satellite imagery

in blue natural capital is the mapping and
monitoring of ecosystems, as seen with
mangroves (e.g., GEEMMM?), kelp (e.g.,
Kelpwatch*) and coral reefs (e.g.,, The Allen
Coral Atlas®). The foundation of ecosystem
mapping is visual satellite imagery, using

light visible to the human eye similar to aerial
photography. Additionally, other sensor data
can aid ecosystem mapping, for example with
hyperspectral data allowing for precise species
identification. Ecosystem identification post-
data collection is increasingly done using Al for
efficiency and precision®.

Regarding the mapping of BCE, different satellite
technology is required for different project
sizes. For large-scale (>1000 hectares) mapping,
for example to inform nationally determined
contributions (NDCs), medium-resolution
satellites (e.g., Landsat, 30m resolution) are
suitable, but for small (<100 hectares) and
medium-scale (<1000 hectares) individual
projects, higher-resolution satellites (<2m to

10m resolution) are required’. The reasons for
this are; (i) individual projects require more
precision than NDCs to verify carbon data; (ii)
unlike individual projects, NDCs require baseline
data to 19908, limiting to a handful of available

satellites including Landsat; (iii) the size of
individual projects makes high resolution data
analytically necessary, despite the fact this may
be financially challenging, particularly for local
stakeholders from low-income countries.

Satellite imagery is also used in the mapping and
monitoring of biodiversity through marine animal
tracking. For decades, wildlife and biodiversity
were monitored using habitable land as a proxy,
but with the availability of high-resolution
satellites (<1m resolution), this has evolved to
include the detection of individual animals such
as polar bears, seals and albatross®. Difficulty

is encountered for subsurface animals, though
larger subsurface animals that come to the
surface, such as whales, can be monitored (e.g.,
Spacewhale)™.

Illegal, unreported and unregulated (IUU)

fishing in marine protected areas (MPAs) is

also monitored by satellite imagery, as medium
resolution satellite data (e.g., Sentinel-2, 10m),
allows for the identification of fishing vessels
upwards of ~10m. Platforms such as Ocean Mind"
and Global Fishing Watch Marine Manager™
make this actionable and accessible by
combining satellite data with other data sources
including port and GPS data.

The most common use for satellite imagery
in blue natural capital is the mapping and
monitoring of ecosystems, as seen with
mangroves, kelp and coral reefs.
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CHALLENGES

Optical sensors face particular challenges due
to their reliance on light. Optical sensors have
difficulty monitoring subsurface activity due

to breaking waves, water clarity and sun glint,
with clouds often preventing imagery altogether.
They achieve high accuracy in mangrove forest
mapping but are less effective with seagrass,
kelp and coral reefs. However, there have been
promising anomalies, such as researchers

from the German Aerospace Centre reaching
90% accuracy using satellite imagery to map
seagrass in the Aegean Sea™. Such impressive
results can be explained by sympathetic
conditions, such as the seagrass’ dense nature
and clear shallow waters’.

Optical sensors are also limited to mapping
vegetation cover rather than providing
information about habitat architecture,
particularly vegetation height, which is important
for mangrove and tidal marsh health and carbon
value™. While satellites such as Planet have
shown promise in estimating tree height, this

is not at the precision required for tidal marsh
vegetation change. However, carbon intelligence
platform Sylvera have developed technology to
collect data on vegetation canopy height, cover
and biomass using multiple satellite sensors,
including LIiDAR, SAR and optical imagery’™.

FUTURE

The future role of satellite technology is in the
scalability of precise ecosystem mapping and
monitoring, particularly mangroves and to a
lesser extent subsurface ecosystems. Spatial
and temporal resolution is increasing, Al is
improving mapping accuracy and multi-sensor
approaches are increasing precision. Cloud
computing and visualisation platforms will need
to bear the load of this increasingly high quality
data for it to be accessible to non-experts and
local stakeholders.

Machine learning is used to estimate carbon
stocks and inform their credit rating. Showing
promise for mangroves, Sylvera’s technology has
primarily been used for land-based projects.

While medium resolution imagery (e.g., Landsat,
30m) is free to access, high resolution imagery
comes at a cost. For example, WorldView-3
(81cm) costs ~US$250 per 10km?, a price that
compounds for temporal resolution’. Recent
initiatives to democratise access to satellite
imagery have shown promise, such as the
Norwegian Government’s partnership with
Planet, making their high spatial (5m) and
temporal (2-12 images a day) images of tropical
forests freely available”.

Building on this, a growing number of software
tools are making satellite data more accessible.
A core component of this is computing power
and data analysis, made freely available
through Google Earth Engine (GEE), with data
visualisation platforms allowing for non-expert
use. A good example of this is the Allen Coral
Atlas, a freely available platform that uses GEE
and Al to map global coral reefs and monitor

coral bleaching.

BLUE MARINE FOUNDATION mn

GEEMMM (BLUE VENTURES)®

The GEEMMM is a free platform allowing local

non-expert managers to map and monitor
mangroves. Developed by Blue Ventures,

the GEEMMM is an open-source tool, run

on the GEE platform (15m resolution). With
users from researchers to local conservation
organisations, the platform suits small-scale
projects, informing further research rather
than replacing it. The GEEMMM only requires
computer access (with mobile capability
coming soon) and simple online training.
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IMAGER

TECHNOLOGY

Hyperspectral imagery refers to imaging

using many (>100) spectral bands'®, capturing
information beyond what is visible to the human
eye. Hyperspectral sensors are deployed in a
variety of ways, both above surface, by vessel,
aeroplane or satellite, and subsurface, by SCUBA
(self-contained underwater breathing apparatus)
or autonomous underwater vehicles (AUV).

Hyperspectral imaging is particularly effective

in identifying vegetation species and health.
Vegetation species are identified by their spectral
signatures, as biochemical and structural
properties interact with light differently?°. Further
information such as plant health, chlorophyll
content and water content can also be captured
by analysing spectral patterns.
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USES

The main use for hyperspectral imaging is in the mapping

and monitoring of BCE due to its effectiveness in identifying
vegetation species. This is particularly useful in tidal marshes,
where variations in vegetation species and densi;y have led to low
quality monitoring by visual imagery. For example, researchers
from Université PSL?' combined visual and hyperspectral imagery
from the satellite WorldView-3 (0.31m resolution) with field-based
measurements, LiDAR and drone imagery, to create one o'?"the
most precise maps of tidal marsh in Beaussais Bay, France.
Tangentially, this is a good example of the value of Al in facilitating
multi-sensor ecosystem mapping, particularly with hyper:spectrcl
data that has specific value and limitations.

Hyperspectral imaging has also been used to good effect in the
mapping and monitoring of seagrass. While there have been
examples of aerial monitoring??, these face the aerial challenges

of cloud cover and water clarity. More progress has been made in
subsurface monitoring, such as by SCUBA (e.g., PlanBlue). Similarly,
hyperspectral imaging has been used to map and monitor the
underwater ecosystems of kelp? and coral reefs?.

As well as species identification, hyperspectral imagery is used
to monitor the health of plants, including the early detection of
disease, types of pathogens, as well as non-visible indicators of
plant stress?®. While much of this research has been driven by the
agricultural industry, there have been VC+1|L—JC1b|e use cases in blue
natural capital, such as drone-based hyperspectral imaging used
to identify outbreaks of disease in seagrass?®.

Hyperspectral imaging has also been
used to good effect in the mapping
and monitoring of seagrass.
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The future role of
hyperspectral imaging is
bright due to its precision
in monitoring BCE

CHALLENGES

Hyperspectral data is expensive to collect,
particularly by aeroplane or SCUBA?, but also

by satellite since high resolution commercial
satellites are required. Technical limitations exist
and depend on the method, such as dive time or
max depth for SCUBA?. Additionally, there are the
associated constraints of temporal resolution due
to cost and time inefficiencies.

The large quantity of data produced by
hyperspectral imaging is also a barrier in terms
of cost and expertise, with ~100 times the amount
of data than equivalent visual imagery?. While
GEE has limited hyperspectral datasets®®, without
data analysis or visualisation platforms acting

as an accessible ‘front end’, hyperspectral data
will continue to be inaccessible for non-experts
including local stakeholders.

PLANBLUE?®?

FUTURE

The future role of hyperspectral imaging is bright
due to its precision in monitoring BCE. However,
its scalability and accessibility is currently limited
by cost and inefficiency of data collection and
analysis. AUVs have been proposed as “the best
platform for UHI (underwater hyperspectral
imagery) mapping over large areas (1000 km?) of
seafloor”®, though this is yet to be demonstrated.
Rapidly improving in range, battery life, and
deployment, AUVs (e.g., Terradepth*®) are
currently mapping large swaths of the seabed,
albeit for offshore construction or military uses,

and not yet for mapping of ocean ecosystems.

PlanBlue is a seabed mapping company that combines underwater hyperspectral

imaging and Al-based automated data processing to map the seafloor.
By ground-truthing aerial and satellite imagery, PlanBlue are able to map
ecosystems and estimate their carbon sequestration potential. PlanBlue currently

focuses on seagrass meadows, with their technology, the DiveRay, deployed by
diver or AUV.
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LIDAR

TECHNOLOGY

Bathymetric LIiDAR is a method of mapping

the seabed using a pulsed laser to measure
distances and create accurate 3D maps of the
ocean floor. Used in fields from archaeology

to autonomous vehicle technology, LiDAR can
be deployed in a variety of ways from vessels

to aeroplanes to satellites. While sensors vary,
typical maximum water depth is 25m?3. Avoiding
the technical limitations of optical imagery, such
as water clarity and cloud cover, LiDAR is an
efficient monitoring technique for coastal and
ocean ecosystems®.

USES

The main use for LiDAR is in the mapping of
ecosystem topography and measurement

of above ground or seafloor vegetation®.

This is particularly valuable since vegetation
architecture, including plant height and biomass,
are important data points in the estimation of
carbon stocks®®. LiDAR technology has been
used to map and subsequently estimate carbon
stocks in mangroves, seagrass (e.g., Beneath
The Waves and Hexagon), tidal marsh, kelp?®’
and coral reefs®8. Since LiDAR has quite a
specific value proposition, accurately measuring
topography and plant height, it is often used in
a multi-sensor approach. For example, Beneath
The Waves have used methods such as satellite
imagery to identify the seagrass meadows to be
studied in more detail by LIiDAR.

The future role of LiDAR is in
the scalable measurement
of BCE vegetation for more
accurate estimations of
carbon stocks.

CHALLENGES

LiDAR is highly suitable for mangroves and
seagrass meadows, particularly in cases where
equipment is highly calibrated such as with
Beneath The Waves with technology partners
Hexagon, but is less effective in measuring the
height of sparse small plants such as herbaceous
vegetation (small plants with no woody stem)
found in tidal marshes.

LiDAR data is expensive to collect, particularly
by popular airborne methods, both with

respect to budget and preparation. Similarly

to hyperspectral imagery, these cost
considerations combined with technical barriers
of data collection and analysis, mean that LiDAR
data is not accessible to non-experts including
local stakeholders.

FUTURE

The future role of LiDAR is in the scalable
measurement of BCE vegetation for more
accurate estimations of carbon stocks. As we
see from Beneath The Waves, airborne LiDAR
has the potential to cover thousands of square
kilometres in a matter of days, particularly when
combined with other complimentary sensors.
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BENEATH THE WAVES AND HEXAGON?*°

Beneath The Waves, GIS company Hexagon
and the Bahamian Government, have used
dirborne bathymetric LiDAR to map, monitor

and quantify seagrass meadows in the

Bahamas. With LiDAR data taken by aeroplane
at 500m, thousands of square kilometres of
seagrass were mapped in days. LiDAR data
was fed into Al programs to map seagrass

meadows’ seabed types, vegetation species
and density, with sub-metre resolution at an
accuracy of more than 95 per cent. Combined
with satellite imagery and field-based core
samples, carbon values could be estimated,
providing a map and quantification of seagrass
meadows and their carbon stock.
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%4 Letard, M., Collin, A., Lague, D., Corpetti, T., Pastol, Y., Ekelund,
A., Pergent, G. and Costa, S. (2021). Towards 3D Mapping of
Seagrass Meadows with Topo-Bathymetric Lidar Full Waveform
Processing. [online] IEEE Xplore. doi:https://doi.org/10.1109/
IGARSS47720.2021.9554262.

% Asner, G.P.,, Hughes, R.F., Mascaro, J., Uowolo, A.L., Knapp, D.E.,
Jacobson, J., Kennedy-Bowdoin, T. and Clark, J.K. (2011). High-
resolution carbon mapping on the million-hectare Island of Hawaii.
Frontiers in Ecology and the Environment, 9(8), pp.434-439.
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SONAR

TECHNOLOGY

Sonar mapping, also known as seismo-acoustic
mapping, is a technique to map the seafloor
and sub-seafloor with sound waves. The two
available technologies are side-scan sonar

and echosounders. Side-scan sonar uses basic
sound propagation to measure distances and
map seabed topography. Limited in coverage,
water depth and at risk of missing low levels of

USES

Sonar is used to map BCE, particularly seagrass,
due to the subsurface nature of the ecosystem
and associated challenges for optical imagery.
A good example of this is Greene*°, who created
a high resolution (2.5cm resolution) map of
seagrass meadows using affordable consumer-
grade side-scan sonar technology combined
with satellite imagery. Similarly, echosounders
have been deployed for kelp mapping?'. Taking
this further, echosounder technology has been
deployed to not only map seagrass extent, but
also estimate carbon stocks by combining sonar
data with soil sediment cores*?, providing high
quality data over large distances.

Aside from ecosystem mapping and carbon
stock estimation, echosounders have also been
deployed to monitor other characteristics of
seagrass meadows, such as the identification of
invasive urchins®:.

Importantly, due to the seabed being the
largest pool of carbon stock in the world?4,
echosounders have also been deployed to map
seabed sediment and estimate carbon stocks.
For example, Hunt** has combined physical
sampling with echosounder mapping to improve

vegetation, echosounders have emerged as a
higher-resolution alternative. Still using sonar
technology, echosounders’ beams are able to
infiltrate metres below the seabed, providing
valuable information on soil qualities including
carbon value, as well as seabed topography and
vegetation cover.

the quality of current soil sediment carbon

value predictions by 14 per cent. Sediment type,
particularly sediment granularity (fine to course),
was used as an identifier of carbon value up to

two metres below the seabed.
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CHALLENGES

Sonar technology is currently deployed by
vessel, including large research vessels to

small day boats, making it variably cost and
time consumptive. It also has restricted spatial
coverage. As a result, sonar technologies

have feasibility for small and medium-scale
(<1000 hectares) projects, but not for large
country-scale mapping where satellite is the
only feasible option at the required scale. As
with other sensors, AUV technology has been
presented as an attractive future transport
method, particularly since many AUVs currently
have echosounders in their sensor suite (e.g.,
Terradepth?®).

FUTURE

The future role of sonar mapping, particularly

by echosounder, is exciting due to its ability

to provide information on soil carbon stock,
seafloor topography and vegetation cover. While
this technology is in its infancy, with limited
research in seagrass and for soil sediment
carbon stocks, it has the potential for soil carbon
estimation in mangroves and tidal marsh?’. As
with hyperspectral imagery, there is significant
potential for scale by AUV.

SAVE POSIDONIA PROJECT"®

The Save Posidonia Project used side-scan sonar,

supported by drone and SCUBA imagery, to identify

and map seagrass meadows in lbiza. This map was

used to create an app to guide boats away from

anchoring on seagrass meadows.
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DRONES

TECHNOLOGY

Drones (UAVs) are machines that fly without include visual, thermal and hyperspectral

a pilot carrying sensors*®. As with other imagery. They can be deployed manually where
technologies that transport sensors (e.g., and when necessary, for example, after extreme
satellite), rather than being as a sensor weather events or at low tide to expose intertidal

themselves (e.g., LIDAR), drones vary in sensor ecosystem vegetation®.

suite and functionality. Sensors found on drones
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USES

Drones have been used for small-scale BCE
monitoring due to their ease of deployment in
targeted locations and high resolution data,
including seagrass®, mangroves, tidal marsh
and kelp®. For example, drones have been
used in tidal marsh mapping and monitoring,
with researchers from the University of South
Carolina®® using imagery and Al to create
detailed maps of marsh vegetation. Due to

the high resolution of data, drones can also
collect detailed information such as tree
heights and stem diameters, particularly
valuable in mangrove mapping, all without the
associated labour-costs of manual field-based
measurements. Additionally, drones have been
used in ecosystem restoration via aerial seeding,
such as Distant Imagery’s aerial seeding of
Mangroves in the UAE®.

Drones have also been used for biodiversity
monitoring, since their sensor suite has the
potential for visual imagery, thermal imagery,
as well as adaptations such as swabs to collect
eDNA. For example, Soton UAV, the University
of Southampton’s drone team, are working with

Marwell Wildlife to develop drones for wildlife
identification, monitoring and conservation.
Another great example of innovation is Snotbot®s,
a drone developed by Ocean Alliance that flies
above whales collecting samples of eDNA from
their blow.

In MPA management and protection, drones
have been deployed to detect and collect
evidence of illegal activity. For example,

the Florida Fish and Wildlife Conservation
Commission has used drones to monitor the
Tortugas North Ecological Reserve®, with
footage used to successfully identify and
prosecute IUU. However, while drones can be
effective to tactically deploy in a targeted areaq,
they are not appropriate to monitor MPAs in full,
which can be 100s of thousands if not millions of
kilometres squared. An example of an innovator
includes Acua Ocean®®, a London-based startup,
is developing hydrogen-powered marine
autonomous surface vessels, operating as
offshore IOT data platforms that deploy drones
for ocean monitoring.

They can be deployed
manually where and when
necessary, for example, after

extreme weather events or at
low tide to expose intertidal
ecosystem vegetation
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CHALLENGES

Drones are affordable for researchers and managers from high-income

countries. This is particularly the case when compared to expensive alternatives,

such as drones reporting to decrease the cost of manual mangrove biomass

measurements in Australia by USD $35,000 per hectare®. However, this is not the

case of local stakeholders from low-income countries where commercial imagery

drones, even at the recent prices of USD $300, are prohibitive. However, lessons

can be learnt from others, such as Drones for Justice, a project by Indonesian

NGO the Swandiri Institute to co-own drones with local community members to

educate and empower them to monitor illegal activity by palm oil and mining

companies®. Also, Distant Imagery are working with low-income stakeholders on

upcycled and 3D printed drones®’.

FUTURE

Drones have proven to be useful in ocean environments due to their ease of
deployment, high resolution, as well affordability for high income stakeholders.
Cost and technical limitations still limit access to low-income local stakeholders,

where technical and financial innovation is needed to allow access to this valuable

technology.
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DISTANT IMAGERY®?

Distant Imagery Solutions, a UAE-based drone digital imagery company, have utilised drones

in both the monitoring and restoration of mangroves. For monitoring, drones with near-infrared

capability are used, combined with the Normalised Difference Vegetation Index (NDVI) to
identify and quantify the density of healthy vegetation. lllustrating the versatility of drones, they
have also been used in mangrove habitat restoration through aerial seeding.
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COMPUTER _

VISION

TECHNOLOGY

Computer vision is a field of Al in which computer
systems derive information from images and
videos. “If Al enables computers to think,
computer vision enables them to see, observe
and understand.”®®

USES

Computer vision has been deployed to map

and monitor seagrass. For example, Tidal,

an underwater camera and computer vision
company from Alphabet, have applied their
aquaculture technology to seagrass. Underwater
cameras are used to take images of the seabed,
with machine vision then creating 3D maps

of topography and seagrass. Having taken
seagrass seabed sediment cores, reliable
estimates for carbon stock are given. While they
envision creating AUVs for their technology, it is
currently transported by SCUBA or small vessels.
Tidal's stated vision is for carbon data reliable
enough for scalable verification®“.

Visual inspection is used to identify, monitor and
track marine biodiversity. Traditionally this has
been done manually by field-based image and
video, manually analysed by humans. However, Al
has become prevalent due to optimised cost and
time efficiency, as well as humans being more
prone to error than identification algorithms®s.

Al has been used for fish species identification,
count, behaviour recognition and biomass
estimation®. Much technology has come from

aquaculture, following development from
aguaculture-tech companies like Tidal, Ecotone
and Aquabyte, with specific biodiversity related
capabilities emerging from Stream Ocean.

Computer vision and machine learning has

also allowed for the 3D mapping of coral reefs.
Technology in close proximity to the reef can
collect more granular data, including drones

or underwater vehicles. This allows for higher
quality spatial and temporal resolution, however,
the compromise is with geographic and cost
limitations. Here, the most common data

source is optical imagery, often combined with
photogrammetry, extracting 3D information from
imagery. Reef Check, a French reef conservation
charity, have used Scuba-based GoPro footage
of coral reefs to create 3D maps of reefs using
photogrammetry, partnering with the 3D
modelling company Pix4D. For image collection,
technology has advanced to allow for long term
in situ monitoring of coral. View Into the Blue®”

is an underwater camera company, who have
developed time lapse camera systems to record
coral bleaching events over months.
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STREAM OCEAN™

Stream Ocean deploys autonomous underwater camera systems

for real-time monitoring and analysis of ocean conditions,

biodiversity data and visual content, accessible to non-experts on

a desktop dashboard. Stream Ocean is currently working with coral

restoration projects in the Maldives but is increasing its project base

to include offshore renewables and other marine environments.

CHALLENGES

Challenges are faced in underwater machine
vision due to the nature of the environment,
including; (i) underwater images are degraded
due to the scattering effect of light passing
through water; (ii) exploration camera equipment
imposing limitations on image resolution; (iii)
small marine organisms are difficult to detect,
particularly with dense distribution®s; (iv) complex
and fluid background structures®®.

Machine vision cameras in remote locations
away from infrastructure such as electricity
sources or mobile networks face the challenge of
connectivity, particularly considering the large

data demands of machine vision. Innovators
such as Stream Ocean are overcoming these
challenges with on-site cameras, data processing
kit and solar powered connection tower.

FUTURE

The future role of computer vision in blue

natural capital is in the scalable monitoring of
ecosystems and their marine life. Computer
vision has the potential to revolutionise
ecosystem monitoring by not only bearing the
burden of the vast amounts of collected data but
also transforming the quality of insights taken
from this data.
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eDNA

TECHNOLOGY

Environmental DNA (eDNA) refers to

DNA released by living things into their
environment. This encompasses all marine
life, from bacteria to whales, and can be
found in mucus, faeces and other material.
While DNA can be analysed from other
sources, such as soil and air, in marine
environments water samples are used. eDNA
has the benefits of being non-intrusive to
organisms, also increasing the chance of
collecting data on organisms that shy away
from research equipment.

USES

eDNA is used for biodiversity monitoring,
with analysis approaches for species
presence, community structure and

relative DNA and species abundance. Using
these methods, scientists can; (i) detect
specific species, particularly useful for the
identification and monitoring of endangered
or invasive species; such as the identification
of the critically endangered Yangtze

Finless Porpoise by researchers in China’;
(ii) estimate biodiversity and community
structure, such as the monitoring of otters,
seals and sea lions associated with kelp
forests in California’? (iii) infer information
about the dynamics of the ecosystem
including the food web’®.

Showing the versatility of eDNA as a
research method, other uses include in water
quality monitoring by identifying harmful
bacteria, and in fisheries management, to
inform catch locations and methods.

CHALLENGES

eDNA faces certain limitations as a research method,
many of which are exaggerated in the ocean and other
water bodies’™; (i) eDNA detection can vary depending
on the species, species abundance and environment
condition, with examples of low abundance species
mis-identified as non-present’; (ii) Temporal resolution
is challenging, since eDNA can give evidence of species
presence at a specific time, but since eDNA degrades
over time, particularly in ocean and water bodies, it may
not accurately represent species presence or absence;
(iii) Spatial resolution is challenging, particularly

in dynamic ocean and coastal environments, with
movement of eDNA disrupting precise location tracking,
as seen by eDNA samples found at both a few metres’™
and twenty kilometres’” of known species sites in rivers.;
(iv) eDNA cannot detect all species due to lack of DNA
reference databases, particularly in less researched
ocean and coastal environments’®.

Crucially, eDNA is also limited by time-lag, since
samples must be adequately collected, transported
and analysed in a controlled lab environment, which
brings significant associated costs with such a sensitive
and technical research method.

Responding to the above challenges, eRNA has
emerged as a complementary technology. eRNA

is similar to eDNA, but is transcribed from active
enhancers, meaning they reflect cell state and
function’. Practically, this means that eRNA can infer
the physiological state of organisms, such as sex, age
and health®, giving more precise information about
specific organisms, communities and ecosystems.
Moreover, innovators such as EQO® are improving
the already fast turnover rate of eRNA with portable
equipment.

FUTURE

The future role of eDNA is in evidence-
based biodiversity monitoring, w

data collected on species presence
biodiversity estimates, as well as further
information about ecosystem dynamics.
Progress needs to be made in the
accessibility of eDNA, with cost anc
technical barriers significant for ne
experts and local stakeholders.

SOLENT SEASCAPE PROJECT?®?

Blue Marine Foundation is using eDNA in their Solent Seascape Project for marine

biodiversity monitoring. Working with Plan Vivo, eDNA data will provide evidence
for biodiversity uplift to determine biodiversity credits. Combined with habitat

maps, machine learning will be used to predict species behaviour to inform

habitat, fisheries and MPA management.
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CONCLUSION

Blue Marine Foundation is delighted to play a role

in supporting, deploying and testing innovative new
technology in our conservation and restoration
projects. We are actively seeking new technology
partners from inside and outside the field and look
forward to a future when bigger companies bring their
expertise and manufacturing capability to answering
these questions and solving the global challenge of
better understanding the marine environment.

Our hope is that this technology
review can be helpful to other
blue natural capital projects and
the different stakeholder groups
considering these projects. There
are silos between practitioners,

investor, government and regulators.

Streams of accurate data can help
to overcome these silos and make
these projects easily intelligible for a
broader audience.

The impact of innovative technology
showcased in the report is clear,
from LiDAR mapping vast seagrass
meadows in the Bahamas to
GEEMMM making satellite
technology accessible to local
communities.

There is no sign of this slowing,
with innovative technologies and
foundational research continuing
to emerge. Even during the writing
of this report, pioneering research
was published estimating fish
stocks using machine learning

and satellite imagery?®, and Blue
Marine Foundation will be deploying
innovative benthic chambers for
nutrient and nitrate data in the Solent.

The ocean faces multiple human
pressures, from climate change to
overfishing, and while there’s no
silver bullet technology, innovation
continues to help scientists,
governments and other stakeholders
map, monitor and protect the ocean
and the natural capital within it.

8 McClanahan, T.R., D’Agata, S., Graham, N.A.J., Kodia, M.A. and Maina, J.M. (2023). Multivariate
environment-fish biomass model informs sustainability and lost income in Indian Ocean coral reefs.
Marine Policy, [online] 152, p.105590. doi:https://doi.org/10.1016/j.marpol.2023.105590.
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BLUE CARBON

ECOSYSTEM MATRIX

Overview of aforementioned technologies and their applicability to BCE.
Focus is on small to medium-scale projects, since satellite technology is
the only viable option for large-scale projects. Colour coordination refers
to recommendations for use: HIGH, MEBIUNM LOW.

Seabed
Mangroves Seagrass Salt marsh Macroalgae .
sediment
Data: Presence, Data: Presence N/A
variety, density, Cost: Low
Satellite height Notes: Temporol
. Cost: Low resolution needed e
Imagery Notes: Less for dynamic A
effective for ecosystem -
small-scale == x
Data: Presence, Data: Presence, N/A
variety, density, variety, density,
health health =
Hyperspectral Cost: High Cost: Medium -
- Notes: Notes: Airborne .
Imagery Underwater and effective with - s -
and effective other sensors e E -
combined with o - .
other sensors e ) —
Data: Height Data: Presence, N/A : »T;“‘{" - B : _‘ - S
Cost: High height 55 - Pl ST -
LiDAR Notes: Effective ~ Cost: High gl A :
with other sensors Notes: Effective S : 3
with other sensors ’ 4 ;
Data: Presence, Data: Presence,  Data: Soil carbon — - “, e -
density, height, density Cost: High -
soil carbon Cost: High Notes: = 3
Cost: High Notes: Soil carbon Echosounder -
Sonar Notes: less applicable to  effective for sail = ',' >
Echosounder kelp carbon data a ;s 3 b
effective for soil =g '
carbon data 1 e | 3 ;.
e 4 .
Data: Presence,  Data:Presence,  Data:Presence,  Data:Presence,  N/A S T 3
variety, density, variety, density, variety, density, variety, density }“ i ¥y i
height height height Cost: Medium T i “A5y _ % s
Drones Cost: Medium Cost: Medium Cost: Medium Notes: <7 : A £ % > §
Notes: Notes: Notes: Recommended O ' ’ T ’ b i # 2. o
Recommended =~ Recommended  Recommended  for small-scale & Z ol L ™ o B~ = * : o R
for small-scale for small-scale for small-scale ' v T B ™ - . . < T : &
. ﬁ- LR ¥ . b i
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e 1
— —_— w i Y
ABBREVIATIONS GLOSSARY | —
Al Artificial intelligence g . ; ; Biod i '
AUV Autonomous underwater vehicle The variety of life found in a place, including Carbon credits
BCE Blue carbon ecosystem animals, plants, fungi and microorganisms. Unit of carbon value from climate action
eDNA Environmental DNA projects that have led to reduction, removal
10T Internet of thi o, . i - iz —— Biodiversity credits or avoidance of greenhouse gas emissions.
1IUU lllegal, unreported, and unregulated fishing Unit of biodiversity value created through
LiDAR Light detection and ranging conservation activities that have led to a Carbon stock
MPA Marine protected areas biodiversity gain. The total amount of organic carbon stored
MRV Monitoring, reporting and verification _ina blue carbon ecosystem or carbon

Nationally determined contribution . Blue carbon - - “pool(s) of a known size.
Normalised difference vegetation index " stal and marine

-

Synthetic aperture radar i . e = - : iculc ir MI determi contributions
Self containee pal p_— — - . and seagrc itments of each country to red

ents. Blue carbon their areenhc “ —
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