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For every GBR Reef you have a complete coverage by
satellite imagery providing qualitative visual assessment.

Satellite Pixel | Revisit | Cost
Sensor(s) (m) | (days)

Landsat OLI 30 16 Free

Kilometers Sentinel 2a+b 10 5 Free

0 1 2

Could you decide from this “Satellite Image” :
where best to sent a COTS boat, where to conduct restoration, etc, etc?



The highest level of habitat detail currently available for
every single GBR reef is its outline/extent.

Outline is used as surrogate for coral area (e.g. connectivity, interventions, resilience, management)
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Could you decide from this “Habitat Map”
where best to sent a COTS boat, where to conduct restoration, etc, etc?
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Mapping through clues in the airborne & satellite Imagery such as texture, colour but

also physical attributes such as depth, slope, waves, or neighbourhood relations.




Each shallow offshore reef on the Great Barrier Reef will be mapped by 2021
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Mapping Approach for 3000 individual GBR reefs

Satellite imager

Geomorphology + benthic ecology + impacts
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Predicting waves from wind and water depth

Satellite imagery Waves = depth + wind =

——

Wave height (callaghan et al.)
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Field data Geomorphic + benthos
y +impacts knowledge
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Object Based Mapping

Geomorphic zonation Bottom Type e.g. Rules to map reef crest:

: ' - Consolidated (Darker objects)
- Shallowest (Depth)
- Horizontal plane (slope angle)
- Windward (wave height)
- Next to slope (neighbourhood)

Reéf Sloope; Crzest, flat, lagoon Coral/Algae, Rock, Rubble, Sand



Field data Geomorphic + benthos
k +impacts knowledge
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Mapping and Modelling
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Example for 20 reefs in the Capricorn (2016) published in Roelfsema et al 2018
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Example for 20 reefs in the Capricorn (2016) published in Roelfsema et al 2018
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Using the field data + knowledge of 23 reefs to map 237 reefs

Developing and

testing mapping |

approach for
three field
areas.
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Reef by Reef, the rule
set is applied, resulting
in geomorphic map
and bottom type map

Y= for every single reef.
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What do these maps tell us more? (e.g. 237 Cairns Reefs)
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Reef Geomorphic
Outline reef type
Lewis et al. Hopley et al



(a)

Area (kmz)

What do these maps tell us more?(e.g. 237 Cairns Reefs)
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What do these maps tell us more?
3D habitat map as we know depth and slope e.g. 237 Cairns Reefs

|
Horizontal projected,
surface area :

Horizontal projected
surface area (km?2)

Exposed Slope 10-20 m 62
Exposed Slope 3- 10 m 131
Sheltered Slope 3- 10 m no lagoon 93
Sheltered Slope 10-20 m 217

total 503
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What do these maps tell us more?

Existing data

a) Geomorphic reef type (Hopley et al. 2008)

b) Reef Outline (Lewis et al. 2003)

Unknown + variable max depth and 1 category per reef

New layers

c) Geomorphic zones (0-15 m)
d) Reefarea(0-10m)

e) Geomorphic zones dominated by hard substrat
f)  Potential coral habitat (0 - 10 m)

Known fixed max depth
Categories per reef:
10+ for Geo



Using High Spatial and Temporal Resolution Sentinel 2 for whole GBR

Landsat
30 m pixels
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Sentinel 2:

10 m pixels,

5 days revisit
Scenes 2018- 2019

To derive:

- Surface reflectance mosaic
- Water depth

- Geomorphic

- Bottom type

- Coral type (Ortiz et al)



Geomorphic + benthos
+impacts knowledge
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Object Based Mapping
Geomorphic zonation e.g. Rules to map reef crest:

Consolidated (Darker objects)
Shallowest (Depth)

Horizontal plane (slope angle)
Windward (wave height)

Next to slope (neighbourhood)

Reef Sloope?::réest, flat, lagoon  Object Based Analysis Driven by Physical Attributes



Object Based Analysis Driven by Physical Attributes

Geomorphic
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Landsat 8 vs Sentinel 2
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Water Depth Landsat 8 (15 m x 15 m) KuomAiters
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Kilometers
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Sentinel 2 (10 m x 10 m)

Depth Sea Surface Reflectance Sea Floor Reflectance




Sentinel 2 (10 m x 10 m)

Depth Sea Surface Reflectance Sea Floor Reflectance
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Sea Surface Reflectance
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Sea Floor Reflectance
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Benthic Field Data Collection For Calibration and Validation

Meters

62.5 125

I e——— b 1
01225 50 75 100 ;W_m-!\g,

e,g 23 reefs visited for Cairns section resulting

Kilometers

o 05 i+ 30000 geolocated photo quadrates (all online)
Standard CORALNET AwHa
S R S W A WEB SOLUTION FOR CORAL
snorkel + dive REEF ANALYSIS

e
0 25 50 ~ 100

photo Itranset Benthic Composition Data (all online) derived
o . 2= | via machine learning of 97%, after training 3%
of photo quadrates.




Benthic Field Data Collection Existing & New From Various Sources

- Australian Government
27X Great Barrier Reef

Marine Park Authority
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2017 Cairns Section Data
Rl Z)POWERING 2018 Far North GBR Legacy data
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VIRTUAL DIVER



Additional Field Data Collection 2019
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* June Mackay Townsville
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e Rugosity (Markey, Gomez)
* Depth surveys (UQ)
e COTS surveys (GBRMPA)




By 2021 the 3000 GBR shallow offshore GBR reefs mapped.

Developing and

testmq a Reef by Reef, the rule set
mapping is applied, resulting in:
app.roacI? for - geomorphic (2019),
various fiel - bottom type (2020)
areas. - predicted coral type
habitat map (2021)

for every single reef.




Can we improve predictions of the future of The GBR?

Connectivity

* Larvae Coral, COTS (Cairns section, UQ, CSIRO)

* Fish — groupers (Cairns section, Exceter)
Fortunate Reefs (Cairns section, GBRMPA)
Water quality model (Cairns section, eReefs, CSIRO)
Marine park planning (Cairns Section, UQ RSRC PhD stu

Up scaling using habitat maps of for example
* Fish species, biomass (Cairns section, QUT.
* % cover (GBR, UQ RS
* Rugosity
* CCA, Turf

Carbon production

Q, Exceter, QUT)
GBR, UQ, SCU, GBRF)
(GBR, UQ RSRC PhD study)

Restoration site selection
Geomorphic structure juvenile and mature ree
Etc etc



Summary

Semi automated approach: satellite imagery + field data —
+ object based analysis + physical attributes + geo- |
ecological modelling

Depth is crucial physical attribute and slope + wave
height are derived from it.

3000 Reefs: geomorphic (2019) and benthic (2021)
funded and accessible through GBRMPA

Creating new & unique, publically accessible large data
sets to improve predictions of the future of the GBR.




Summary

Semi automated approach: satellite imagery + field data
+ object based analysis + physical attributes + geo-
ecological modelling

Depth is crucial physical attribute and slope + wave
height are derived from it.

3000 Reefs: geomorphic (2019) and benthic (2021)
funded and accessible through GBRMPA

Creating new & unique, publically accessible large data
sets to improve predictions of the future of the GBR.

GBR mapping methods form basis for the Allen Coral
Atlas, a Global Reef Mapping Project
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