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Opportunities …. Watch and prepare
• PES (payments for ecosystem services) and REDD+
• Good mapping / GoPro and/or drone video footage
• Historical maps
• Understanding water quality impacts (flows affect carbon)
• MangroveWatch, SeagrassWatch and citizen science efforts
• Councils as aggregators – building the business case
• Work with community perceptions e.g. mangroves & mosquitos
• Traditional owner groups e.g. mangrove nurseries
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Methodologies similar for all three Blue Carbon
ecosystems (Avoided emissions)
Living biomass Carbon (Mangroves only):
(similar to ERF for terrestrial systems)
-Estimate baseline biomass
-Estimate potential loss based on conversion factors from peerreviewed literature
Soil Carbon (tidal marsh, mangroves and seagrass):
-Estimate baseline soil stocks and accumulation rates
-Estimate potential loss based on conversion factors from peerreviewed literature
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Carbon stocks, inventories and accounting
1. National stocks – quantify amount of blue carbon stored
nationally and how these may change over time
• Changes under natural conditions can be included
2. National inventories and reporting of anthropogenic
impacts on carbon storage
• Only changes due to management (or lack of) can be
included
3. Carbon accounting projects
• Only changes consistent with the accounting program
are included

What gases need to be considered
Greenhouse
gas

Chemical
formula

Global warming potential for 100
year time horizon

Carbon dioxide

CO2

1

Methane

CH4

28

Nitrous oxide

N2O

265

AR5 values: https://www.ipcc.ch/pdf/assessmentreport/ar5/wg1/WG1AR5_Chapter08_FINAL.pdf

Some important properties of Blue Carbon systems for GHG emission
• Significant stocks of carbon can be stored
• A significant portion of the carbon is stored in an anoxic zone – decreased
rates of biological decomposition
• Systems are so anoxic so as to limit N2O emission via denitrification
• Presence of sulphate in saltwater reduces methane production

CSIRO Marine and Coastal Carbon
Biogeochemistry Cluster (2012-2016)

Comprehensive dataset based on
literature review + extensive
sampling (around 1,000 soil cores)
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Offsets Integrity Standards
• Eligible – 25 or 100 year projects
• Additional
• Measureable
• Verifiable
• Evidence based
• Material – worth the transaction costs
• Conservative
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Autochthonous vs allochthonous carbon sources
Autochthonous – Corg derived from CO2 captured within ecosystem
Allochthonous – Corg derived from CO2 captured outside the
ecosystem and transported into the ecosystem
Differentiation on the basis of δ13C signature
Mangroves

Kristensen et al. (2008) – mangrove litter (autochthonous) was an
important contributor in 58% of the soils.
Saintilan et al. (2013) – allochthonous C was not stable, long term
accumulation was from autochthonous C

Tidal marshes

Kelleway et al (2016) – dependence on vegetation type,
allochthonous more important in succulent and grass than rushes

Tidal marshes

Kennedy et al. (2010) - 49% from allochthonous
Samper-Villarreal et al. (2016) – 40 to 90% at a locations showing
variable canopy complexity
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Quantifying soil carbon stocks
Soil
Soil carbon
Carbon
Bulk
Proportion
stocks =
content x (1 + qm) x layer x density x 1 - of gravel x 0.10
thickness (Mg/m3)
(Mg C/ha) (g C/kg AD soil)
(>2mm)
(cm)
Source
Soil
Analysis

Soil property

Actual

Measured

Measured

OC (g OC/kg soil)

25.4

25.4

25.4

qm (g water/g soil)

0.12

0.12

0.14

Gravel (g gravel/g soil)

0.12

0.12

0.10

1.25

1.30

1.30

30.0

30.2

30.2

92.9

97.6

101.6

Bulk density (Mg soil/m3 soil)
Soil
Sampling Depth (cm)
Soil carbon stock (Mg C/ha)

The manner in which soil samples are collected and processed is important

Technical Review of Blue Carbon Opportunities
Literature and
Data Review

• Coastal Carbon Cluster
• Stakeholder workshop

Influencing
Factors

• Anthropogenic influence
• Stakeholder workshop

Review
Potential
Activities

• Activity scope and potential uptake
• Additionality
• Abatement integrity assessment

Detailed
Assessment

• Processes for measuring
baseline and abatement
• Uncertainties

Recommendations
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1. Introduction of tidal flow
High carbon abatement intensity:
- Biomass + soil + avoided emissions
- Introduction of tides to drained, treeless areas resulting in mangrove
development
à 15.4 Mg C ha-1 y-1 (range = 1.7-63.7)
- Introduction of saline water to ponded freshwaters resulting in the development
of mangroves.
à 12.9 Mg C ha-1 y-1 (range = 0.8-170.7)
Existing information base
- Existing direct measurement techniques
- IPCC Wetland Supplement (Tier 1) emission factors
- Verified Carbon Standard VM0033 Methodology
Potential for uptake
- Broad range of settings and scenarios
- Minimal effort to undertake (in some cases)

Restore
tidal
inundatio
n and
drainage

Multiple co-benefits
- Biodiversity enhancement, fisheries habitat, acid sulphate soil management.
12

2. Avoided clearing and avoided soil disturbance

Source: Conservation International (2013)
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2. Avoided clearing and avoided soil disturbance
High carbon abatement intensity:
- Mangrove biomass removal avoided: one-off emission avoidance of 124.83 Mg
C ha-1 (range = 7.10 – 328.00).
- Mangrove biomass + soil disturbance avoided: one-off emission avoidance of
250.57 Mg C ha-1 (range = 20.43 – 826.53)*
- Annual continued sequestration: 1.26 Mg C ha-1 y-1 (range = 0.17-3.36)
*assumes 50% of soil C to 1 m depth returns to the atmosphere as a result of
disturbance
Existing information base
- Simple methods available to measure or model current stocks and removals.
- Limited information on fate of C following disturbance.
Potential for uptake
- May be limited (legislative controls on clearing and disturbance in place in most
jurisdictions).
- Development in Northern Australia?
Multiple co-benefits
- Maintenance of multiple ecosystem services
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3. Land-use planning for sea level rise

3. Land-use planning for sea level rise
High carbon abatement intensity:
- Altering land-use for the purpose of allowing mangrove forest to migrate under
sea level rise
à 7.5 Mg C ha-1 y-1(range = 0.5-19.7)
+ atmospheric flux abatement (dependant upon existing land-use)
Existing information base
- Existing direct measurement techniques for baseline and abatement removals
and emissions could be directly measured.
- IPCC Wetland Supplement (Tier 1) emission factors.
- Verified Carbon Standard VM0033 Methodology
Potential for uptake
- Very large spatial extent – potentially up to 16,000 km2
Multiple co-benefits
- Maintenance of multiple ecosystem services
- coastal protection under SLR
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Potential approaches to measuring soil carbon stocks
Direct measurement

Proximal sensing

Remote sensing

Accuracy of values derived for a defined location
Spatial representativeness
• As the size or spatial heterogeneity of the area to be monitored increases
optimal approach will change
• Critical to derive true values for the uncertainty associated with each
methodology

Restoration of blue carbon ecosystems
Restoration can have two components
1. Net accumulation of new carbon – sequestration
2. Retention of old carbon that would have been released in
the absence of restoration – avoided emission
Issue: Quantifying what would have happened in the Business as
Usual case (do nothing)
Recommendation: definition of emission factors for avoided
emission appropriate for Australia (lit review/measurement)
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Opportunities …. Watch and prepare
• PES (payments for ecosystem services) and REDD+
• Good mapping / GoPro and/or drone video footage
• Historical maps
• Understanding water quality impacts (flows affect carbon)
• MangroveWatch, SeagrassWatch and citizen science efforts
• Councils as aggregators – building the business case
• Work with community perceptions e.g. mangroves & mosquitos
• Traditional owner groups e.g. mangrove nurseries
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International Partnership for Blue Carbon
https://bluecarbonpartnership.org/

DoEE Initiatives
http://www.environment.gov.au/water/wetlands/publications/wet
lands-australia/national-wetlands-update-february-2019/govtinitiatives-blue-carbon
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Thank you
and questions?
Toni Cannard
Email: toni.cannard@csiro.au
Mobile: 0477 704786
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