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Overview

* What are Blue Carbon Ecosystems
and why are they important?

* Blue Carbon Ecosystems in national
accounts

e Australia’s progress in incorporating
Blue Carbon

* Other ecosystem Services provided
by Blue Carbon Ecosystems

* Measurement Challenges and
Opportunities

* Summary and Outlook
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Blue Carbon: What it looks like and why it is Important?

* Blue carbon ecosystems are
extensive and have high
sequestration rates

* |[PCCC models show that emissions

reduction and avoidance not
enough and sequestration s
required

 B.C ecosystems provide multiple
ecosystem services and support
livelihoods

* B.C are threatened globally by
development.

* Degradation of B.C. ecosystems
could lead to significant emissions
of carbon




Key Terms in Blue Carbon

Emissions: Carbon is lost back to the atmosphere
through respiration or through oxidation as a result of
land-use change (e.g., conversion to fish ponds)

CO, CO,
Sequestration: Carbon dioxide in the
atmosphere and oceans is taken in by
plants during photosynthesis.

Allochthonous Carbon:
C C Carbon can also enter the
e system from far away,
usually via runoff up stream
and/or inundation by
marine waters

Autochthonous Carbon: Most of the sequestered carbon is

stored in the soil, which is frequently, if not always, covered by

tidal waters. This oxygen-poor environment causes plant minerals . .

to break down very slowly, resulting in significant carbon storage. Source: Conservation International (2013)



Blue Carbon extent and Rates of Change
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I Saitmarsh
I Seagrass
I Mangroves

Global Extents (km?)
Mangroves 137,000
Saltmarsh 55,000
Seagrass 325,000
Tide Flats 128,000



Global Soil C stocks and Sequestration Rates

A. Total soil C stocks (Tg)  Global: ~2.3 Pg C; ~8.4 Pg CO,

Blue Carbon

Oceanic Mangroves

t
Estuarine Mangroves m

Tropical forest

1 T
0 500 1000 1500 2000 2500
tCO,eq/ha

Source: Murray and et al, Green Payments for Blue Carbon Ezonomic Icantives for Protecting Threatened Coastal Habitals, 2011

Source: Atwood etal al in 2017. Nature Climate Chanage



Loss of Mangrove and Potential CO, Emissions

Global Shrimp Pond Area: Annual Loss of Mangroves
*1;750,000 - 2,250,000 hé « 0.26-0.66%

wwwwww

o  >50% due to shrimp Pond conversion

ssox * Less now than 90s

I Potential Global Emissions:
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d area (ha) for each Country broken down by Region. Calor shows details about Region. The view is filtered on Region,
des MIDDEL T.
.

Pond area (ha)

5 ~4.09 Tg OCyr? ; ~15 Tg of CO,

Potential gross annual CO, emissions (Gg)

Potential annual cumulative CO, emissions (Tg)




Accounting and Financing of Blue Carbon

Most crediting schemes reward the owner for activities that will:

1. Avoid emissions occurring
e.g. conservation of an area
2. Enhance sequestration of carbon
e.g. restoring or creating new seagrass habitat

Voluntary markets
Regulatory markets

* mandatory or compliance based
 implemented to ensure
adherence to regulations
intended to reduce GHG _ o ,
e a suite of benefits intended to arise

* Many forms: from the broad overarching objective
* Emissions Trading Schemes, of ecosystem restoration or protection

e Other carbon taxes or Ecosystem Services

* seek to generate a broader suite
of social or environmental
benefits

* Payments for Services



Policies, Programs Partnerships & Financing

(5) Market
Mechanisms




National Emission Inventories -Greenhouse Accounts

* Under Paris Agreement mitigation
actions formulated by the country

Nationally Determined Contribution (NDCs).

* Countries prepare an inventory report
according to the framework of rules

under UNFCCC and the Kyoto Protocol.

* Emissions and removals are reported
under six sectors defined by the IPCC:

1. Energy
2. Industrial processes and product

use

3. Agriculture

4. Waste

5. Land use, land use change and
forestry (LULUCF)

Energy Sector

Fuel Combustlon | Fugitive Emlssions

MGEERS NGEERS
Dis APPEA

Waste LWL
Sector ABARES

MGERS CEE
State agercies

Indusirial Agrboulture
Processes and Sector
Produd Use ARS

NGERS State agencies
ABS CHRM EIES L REAES

DEE ABS
Coal Services Pty Lid
ol L) A BARES

AEC ABS

(e FUlCAM flowehart
Brmore infomaton)

Principal Data Source

Data Analysis and Preparation
Source dats is malyssd by invertory officers, and prepared for dstsentry into the AGEIS

AGES and QA/QC Analyses
Source data is entered into the AGEIS. Emissions calculated by AGEIS are subject to testing
by the integrated OC nclon and subsequenily generates an automated reportwithin he .MIIS

Inventory Compilation

AGE1S Final sed
annualemissions data & finalised for publiztion

Australiss Mationa
Greerhicuse Accounts

(AFRepaorter Tad

AGEIS Outputs Inform:

Climate mitigation efforts in coastal environments being incorporated
or considered by several countries mainly in LULUC sector



Key Policy Concepts

PROVENENCE
t Sediment-water exchange

Emission factor: portion of the -

. . @ Particulate organic carbon flux
remineralised carbon lost .to t.he @@ Dovivt et orpeiccabontin
atmosphere after BC habitatis degraded
or destroyed ; t
* Establishing emission factorsrequire ‘ -

new carbon accounting protocols

* Historicalevidence of lost habitat can ‘
. . . Frashwater g Estua 2 Coastal Ocean
provide an opportunity to estimate -’ ) )
seagrass emission factors R ™ EMSSIONEACTOR

{13

Oy CoOz

Permanence” of the carbon sequestered must
be estimated and the risk of the loss must be
minimised.

Carbon sinks must pass a ‘permanency’ test
(e.g. 100 years in REDD) in order to qualify for
carbon crediting systems




Key Policy Concepts _ T

Additionality: requirement that the

sequestration of carbon must be “in

addition” to what would occur without

offsets or policy action.

* must be greater than the business-as-
usual scenario for the country

Leakage: occurs when activities within a

project’s accounting boundary affect regions

outside of that boundary, and cause a change

in the emissions of those external

environments.

* often unanticipated and difficult to
guantify, particularly in hydrologically-
connected coastal ecosystems

POSITIVE LEAKAGE

Activity area

Source: Ralph et al 2018

Outside activity area

ADINTIONALITY

Business-as-usual Additional stock increases blue carbon



The Emissions Reduction Fund

e Australian Govt method of
crediting reductions in emissions

* Direct Action’ approach — rewards
action that result in reduced CO,-e
emissions

e Public fund, ~AUD $2.55 billion
AUD to fund low-cost carbon
abatement projects in multiple
sectors selected through reverse
auctions.

* The first five auctions secured 189
million tonnes of emissions
reductions at an average price of
$11.83 per tonne.

EMISSIONS
REDUCTION
FUND

Offsets integrity standards

The Emissions Reduction Assurance Committee must be satisfied
each offset integrity standard has been met for a method to be made
by the Minister.

=

“
o
By
tls

Is the activity beyond business as usual?
Is the abatement unlikely to occur in the ordinary course

of events?

Can the emissions reductions be measured and verified?
Can estimates be accurately measured and are they capable of

being verified?

Is the abatement eligible?
Does the method align with Australia’s greenhouse gas inventory
approaches and international reporting obligations?

Is it supported by evidence?
Is the method supported by clear and convincing evidence?

Are material emissions from the activity deducted?
Are emissions that would occur as a result of the activity deducted

when Working out the estimated abatement from the projcct?

Are the estimates conservative?
Is there evidence to demonstrate estimates, projections and
assumptions are conservative?



Australia’s Vegetated Coastal Ecosystems are Globally Significant

Climate Regions

Bioregion

Tide Marsh
1.4—-1.5 Mha,

9-32% Global

VCE Extent
P 11-15 M ha .
Seagrass Mangrove

9-13 Mha 1.1 Mha

Serranoet al 2019




Australia-wide stocks and Sequestration Rates

Soil C stock (Mg C ha™)
Tidal marsh ) A Mangrove
1 N

@<125 (>125t0<151 @>151t0<196 @§>196

Soil C sequestration rate (Mg C hat yr)

" Serranoet al 2019 6

@<031 ()>03110<040 ()>040t0<085 (@ >0.85



Key Findings
Australia contributes 5-11% of the C stored in VCE globally

Australian VCE absorb 20 million tonnes of CO, each year,
* ="~4 million cars

Losses of Australian VCE (~1% of area yr) is causing 2 to 3 million
tonnes CO, emissions per year
e =12-21% increase in annual emissions from land use change.

Restoring just 10 per cent of VCE lost in Australia could generate
more than SUS 11 million per year in C credits.

Conserving VCE under threat could be worth SUS 22-31 million per
year in carbon credits.



INFLUENCING FACTORS




Risk Framework for Policy Adoption

Remineralisation Rate

Description

Remineralization is
theoretically
possible but not
expected to occur

Mineralizati
on Score

1-4

Carbon Stock

Low G,
stock

(< 50
Mg ha)

Low-
Moderate
Corg Stock

(50 - 100
Mg ha'?)

Moderate
Corg Stock

(100 -
250 Mg
ha?)

Moderate
-high C,,,
stock

(250 -
500 Mg
ha?)

Moderate rates of
Corg
remineralization

Moderate-High
rates of Cqrg
remineralization

10-14

High rates of C,,
remineralization

15-19

Remineralization
expected to occur

at very high rates

20-25

Source: Lovelock et al (2016)

20
(Extreme)

High C,,,
stock

(> 500
Mg ha)

20
(Extreme)

25
(Extreme)



Supporting An Emissions Reduction Fund Method for Blue Carbon

2017
@

Technical review of
opportunities for including
blue carbon in the
Australian Government’s
Emissions Reduction Fund

Final Report

Prepared for the Department of the Environment and Energy

1. Reintroduction of tidal flows

2. Land use planning for sea level rise to
allow inland migration

3. Avoidance of seagrassloss from direct
physical disturbance

4. Avoidance of seagrassloss &
reestablishment or creation of new seagrass
5. Avoided clearing (mangroves) and
avoided soil disturbance (mangroves and
tidal marsh

CSIRO OCEANS & ATMOSPHERE

2019

€

Technical assessment of the Verified
Carbon Standard - “VvM033
Methodology for Tidal Wetland and
Seagrass Restoration”

Reintroduction of tidal flow to
restore mangrove and tidal marsh
ecosystems

VMO0033 methodology mostly
consistent & a basis for an for
Australian ERF method
Modifications and Alternatives to
VMO0033 recommended:

Direct measurement versus
Australian national default
emission factors to be considered



Benefits from Coastal Blue Carbon Ecosystems

WATER QUALITY

ENHANCEMENT
Removal of pollutants
or toxins
COASTAL PROTECTION . .
Reduction of waves, flood FOOD PRODUCTION

mitigation, elevation of land
at coastal margins

Fish, shelifish, algae

WATER
CHEMISTRY . .

MODIFICATION

37
CARBON STORAGE AND n-:gn‘::::l!mcnu “
SEQUESTRATION ECOSYSTEM Components of -/
Carbon heldin living bimass. Species, medicinal/health products '
in soil and offshore in water structures [fish-oils), discoveries of
column and deep sediment & processes maﬁcﬂs
® @

Livelihoods

CULTURAL AND
SPIRITUAL IDENTITIES OTHER PRODUCTS
Existence of biodiversity. Timber, biofuels, fibre,
seascapes, iconic species, vistasin biogenic sand, aquarium
support of cultural or faith-based fish, pearls, coral
beliefs and identities
TOURISM AND RECREATION .

ENHANCEMENT
Diving, whale-watching.
Overview of ecosystem services provided fishing plus beaches, vistas,

[ ]
) | | ater
ean. Source: The Nature Conservancy/ cleancaimw Dlsa Ste rS

Vlangroves contribute USS 40 - 50 B per annum in non market
yenefits associated worth fisheries, forestry and restoration



Benefits from Mangroves

QT
y 5 AL
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Mangroves build the land and hold and protect it from erosion

"EITg [ Mangrove Substrate is formed
M .y Substrate g from trapped sediment
’ accretion S and plant matter
can buld
up the s
ground oy Whenwaves reach the
surface mangroves, their energy

is reducad, helping l©
Crabs braak down prevent erosion
mangrove leaves and

halp ta build up the sail
Mangroves help (o keep the water clean and clear

. Mangroves trap fine Mangroves remeve nutrients
e particles in the fricton ™ and chemicals from umoffto
: oftheir roots improva offshore watars for

PN o e

Mangroves are productive to bencfit people and the envirocnment

» Mangrove leaves fead Mangroves are habitat
ofthore toodchains for anmals such as
R 2 : N i
3 Residentand migratory ~ -®  crabsand fish

birde fead in mangroves

Young fish 1eed and hice 14,
mangroves, and feed on T4
mangrove leaf datritus

NMangroves protect
coastal communities
from hign tdes, storm
waves and tsunamis

Mangroves provide services of direct or indirect benefit to people

Carbon is captured

Productive mangrovas
by mangrova photo-

provide figh pretein to

eynthesis and atored traditional villages
in the soil to reduca = !
gmmrc:use gases




Coastal ecosystems for climate resilience

L
AR GLOBAL
fociAN  COMMISSION ON #AdaptOurWorld

L2 ADAPTATION Benefits and Costs of lllustrative Investments in Adaptation

| FIGURE Es.1 | =
ADAPT NOW: A GLOBAL CALL FOR BenefitCost Ratio Net Benefits
LEADERSHIP ON CLIMATE RESILIENCE Strengthening early warning systems ' | .I | ' corr

Making new infrastructure resilient |_ | $4.0T
Improving dryland agriculture
s oo | S0.7T
Protecting mangroves | — | $1.0T
Making water resources
management more resilient — $1.47

Total Net Benefits S$7.1T

Mangroves provide more than $80 B per
annum coastal flooding and protect 18
m people

Benefits from mangrove preservation and
restoration are up to 10 times the costs



Value of Mangrove Ecosystem Services

Distribution of mangrove valuations by type of service (in US$ ha™!-yr1).

Salem and Mercer 2012 | | I =
R
I { | |—|
Average Value (US$ ha'-yr!) | S
Mean $28,662 | | ' -
Median $3,847
1 * US;)(:)er hectare p;f'x;?ear . o
[ Fisheries [ Forestry
[] Coastal protection [ | Recreation & tourism
[T ] Carbon sequestration [ Nonuse

Purification & waste assimilation
Service

Forestry I
Recreation & tourism NI
Fisheries I
Nonuse I
Water apurification/ waste .. NI
Coastal protection Il
Carbon sequestration
Traditional uses |
Biodiversity |
Nutrient retention |

$0 $5,000 $10,000 $15,000 $20,000 $25,000 $30,000 $35,000 $40,000
US $ ha/yr




Emerging Blue carbon ecosystems

reefs
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Kelp or other seaweed Microalgae



Carbon Capture and Storage (CCS)
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e CCS marketin 2016 USD 2.5 biIIion N 2016

 Market projectedto surpass USD 6 billion by 2024.



Repair an Restoration of Coastal Ecosystems

‘Hard Hybrid Soft

* Major political and industry interest in coastal
restoration and Nature Based Solutions:
* International conventions &target
commitments
* Insurance de-risking
e Corporate Stewardship and Carbon

N
D
\
N

neutrality
* Carbon trading & Payment for Ecosystem
SerV|CeS A Bundling B stacking (or layering)

Carbon

Shoreline Protection

Biodiversity

Fish Nursery

Water Quality

* Marine habitat restoration is recognized as a ‘jobs
intensive’ industry and strong driver of economic
growth creating immediate employment in transport,
construction, marine engineering, project
management, science and aquaculture.




Classifying Blue Carbon in Ocean Accounts and
the Blue Economy

Established Blue Economy Sectors

Offshore oil Shipbuilding
and repair

Maritime Coastal

transport

Port
activities

Living

and gas tourism

resources

Primary
E:md uction

Harvesting sector

e

-

— Aguaculture

—
Pracessing and
preserying of fish,
CRUSTACEans and

molluscs
—

r .
Retal sale of fish,
OIUStAC=anS

modluscs in
specialised stores

—_—

L
Whhiokisaleaf athar

|| food, inclsding fish,
orustaceans and

molluscs

Extraction of
marine living
resources

B SRS ER RIS

Extraction of crude
petraleum

———————

P

Extraction af
natural gas

Support actrrties

| for petrodewm and

natural gas

etraction
————————————

Marine extraction

of nen-living
resources

— Cargahandling

S

—

‘Warehauesing and
storage

Construsctian of
watar projects

S

Senaing activities

— incidental bawater

transpartation

Building of ships

—  and flcsting

structhunes
S

—

Building af pleassre
and sporting bosts

 ——

_—

S

FRepair @ncl

L maintEnance af

ships andboats

——

Sea and coastal

—  passenger waler

transpart
—
-
Sea and coansial

—  freight water

tranzpart

——

Inland passenger
waTer Tradsport

—_—

-

| nkand Treight warer

transpart

—
.
Ranting and leasing

— of water transport

equipment
S

Heteds arad samilar
scamenodation

P

Haliday and arhey
shart-siay

scoamimadation

Camping grawnds,
recreaticnal vehiche

|| parksand trader

narks

———————

Cher

| sccomenadation

Oriher enpenditures




Alternative Classifications of Blue Economy Sectors

Type of activity

Harvesting of living
resources

Extraction of non-living
resources, generation of
new resources

Commerce and tradein
and around the ocean

Response to ocean health
challenges

Ocean service
Seafood

Marine bio-technology

Minerals

Energy

Fresh water

Transportand trade

Tourism and recreation

Ocean monitoring and
surveillance

Carbon sequestration

Coastal protection

Waste disposal

Established industries

Fisheries

Seabed mining

Oiland gas

Shipping
Portinfrastructureand
services

Tourism

Coastal development

Emerging industries
Sustainable fisheries

Aquaculture

Pharmaceuticals,
chemicals

Deep seabed mining

Renewables

Desalination

Eco-tourism

Technology and R&D

Blue carbon (i.e. coastal
vegetated habitats)

Habitat protection, restoration

Assimilation of
nutrients, solid waste

Newindustries

Multi-species
aquaculture

Drivers of future growth

Food security

Demand for protein

R&Din healthcare and
industry

Demand for minerals

Demand for alternative
energy sources

Freshwater shortages

Growthin seaborne trade

Internationalrequlations

Growth of global tourism
Coastal urbanisation
Domesticrequlations

R&Din ocean
technologies
Growthin coastaland
ocean protection and
conservation activities



The Science Behind Blue Carbon

Atmospheric CO,

e Why?
[ ]
Factors and rate modifiers governing Corg remineralization

e Science reduces the Risk for lrgens - Samy - Puice siom gy
investment and policy outcomes

« Wave exposure = Chemical composition of organic C

, ; POC in water DOC in water Refractory
d H OW POCmbe ol (e column | column | Dpoc
|

e Two key metrics

Corg remains bound

Corg exported from soils

o in soil
— Point measurement of C stocks
Disturbance of . .
— Scaling up; mapping of habitat [g:;;:;gbfeg:;g:;:;;] [ OS¢ o B J
. . light reduction, toxicity
inventory on a regular basis i I

Corg stock in soil

IPCC Tiered Methodologies

* Gaps

e Reasonable conceptual understanding
(Howard et al 2017)

® PaUCity of data of C stocks in ma ny = Tier 1- Designed to use readily available national or

For each source/sink category methods are provided at three tier levels:

CountrieS' need to get to |PCC Tier 2 E; gl ifnternational statistics (e.g., FAO) with default emission
° § actors. Any country can apply.
e Standardise mapping methodology £53
: . . S J W Tier 2— Usessimilar approach as Tier 1, but with country-
.and bUlI(.j CapaCIty to dO natlonal g% specific factors or further disaggregation
Inventories g g
£G Tier 3—Models, measurement or country-specific

approach

Thae Tiar i1cad ic Ariviean v cicnifiranrcrae ~f +he flitv anA availahilityvy AfF Aatya



Keys Steps in the Science of Blue Carbon

Place

1:N

Study

1:N

| Sample 4 Metadata

1:1 1:1 1:1

[ Above Sediment | Living

1:N

A
CoreSlices

MAPPING & MODELLING DATA MANAGEMENT
DESIGN ‘ ‘ ‘ & ANALYSIS
— MEASURING CARBON pROD‘UCTS

SAMPLING

O 0-100 Mg C,py ha! ®
100-200 Mg C,yp ha! o0
300 Mg C, ha! @
500 @
55 400 ..
-3 sy
g2
W 300
su
= =0 200
&2 °
= 100
0 . @
NS PO
W & & &
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Q
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BC Policy, Projects & Measurement Documents

~ -~
&N S1®) @N lUcN

The Management of Natural National Blue Carbon Polic
; Y
Coastal Carbon Sinks BLUE CARBON POLICY FRAMEWORK Assessment Framework

BLUE CARBO

THE ROLE OF HEALTHY OCEANS IN BINDING CARBON

WCPA ~ &
seiie: mams (8) UGHTHOUSE FOUNDATION -

] : E""’"ﬁi}ﬁ“‘"
Nelleman et al. 2009 Laffoley & Grimsditch 2009 piorr ot ol 201157

Herr et al 2016

Word Bank /IUCN 2010 Kaufmann & Donato 2009 Crookset al 2011

a Howard et al 2014

WORKING PAREN

N /' 4 Paper numbar 121
ENVIRONMENT DEPARTME PAPERS -
Marine Ecosystem Series ‘ IUCN

Mitigating Climate Change through Coastal “blue” carbon
Restoration and Management of Are vet
Coastal Wetlands and Near-shore m
Marine Ecosystems -

orting
rate finance

Challenges and Opportunities

Stephen Croolks, Dorothée Herr, Jerker Tamelander, Dan Laffoley,
and Justin Vandever

Protocols for the measurement, monitoring
and reporting of structure, biomass and

. . carbon stocks in mangrove forests
Capturing and conserving

natural coastal carbon

Building mitigation, advancing adaptation

womoean  ((uow 7 ESAPWA k

e Duke@ D Naure B @uen &




Science Priorities for BC Research

Mapping blue carbon Accurate national and subnational estimates of VCE extent
ecosystems Calculation of national rates of deforestation

Methods for estimating seagrass in optically and turbid
waters including the use of models

Agreed mapping protocols including digitisation and
uncertainty estimates

Simple user guide of methods for blue carbon mapping
More efficient data processing for change detection

Measuring blue Collection of subnational data to enable Tier Il IPCC
carbon soil stocks and estimates of carbon stock

fluxes Models that allow carbon stock to predicted reliably across
large areas

Calculation of nationally relevant emission factors for
specific land-uses and activities

Source: Vanderklift et al. (2019)



Policy and Livelihood Priorities

e

T el [T . Analysis of environmental factors and human activities influencing carbon sequestration/ emissions

CISTE Tt o Criteria & options for inclusion of mangrove and seagrass in national emissions inventory & NDCs

implementation * Suitability assessment and adoption of international carbon verification standards

* Options for integrating blue carbon policies with other environmental & climate management
policies

* Understanding of land tenure, including customary rights, and what this means for protection and
restoration options

Abatement * Define abatement and avoided emission criteria
activities * Test and quantify the efficacy of proposed abatement activities
* Analysis of suitability of restoration methods and testing at scale

Financing blue * Development of reliable default values for application of methods to generate carbon offsets
carbon * Development of low cost methods for blue carbon restoration

* Development of robust finance instruments to support blue carbon protection and restoration
* Demonstrationsites to develop best practice

* Guidelines and tools for investors to understand blue carbon options

AL E BT o Methods for quantifying and mapping ecosystem services
and livelihood * Toolsforlocal communities to value ecosystems services
opportunities » Establish Valuation and accounted methods

Capacity * Creatinga network of practitioners mapping and carbon stock assessment

development * Establish a clearing house of best practice information for the IORA region including across to data,
models and success stories

* Provide cross-disciplinary development across technical, policy, financing and livelihood aspects of
blue carbon.




Summary

1. Blue Carbon is beginning to be included in @
national emission accounting. SUSTAINABLE

2. Thereis growing recognition of other blue AL gl
carbon direct and indirect ecosystem G o ALS

services and interest from industriesin
achieving carbon neutrality and nature
based approaches to coastal protection.

3. The methodology and systems for carbon
emission reporting and trading should be
expanded to recognize other market and
non market services.

4. Coastal Carbon ecosystems as well as
other emerging components of “Blue
Carbon” as well as CCS should be
recognized explicitly with evolving Blue
Economy Paradigm and the policy level
narrative simplified.

Convention on
Biological Diversity






