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1. Managing blue carbon stocks in coastal ecosystems 
BLUE CARBON COASTAL EROSION ECO-ENGINEERING

>  Greater understanding 
of how coastal 
management affects 
carbon stocks and 
accumulation rates 
in vegetated coastal 
ecosystems globally.

>  More precise and 
accurate methods for 
assessing existing 
carbon stocks in 
vegetated coastal 
ecosystems, at 
scales relevant to 
management.

>  Improved knowledge 
of the spatial variation 
in carbon stocks in 
vegetated coastal 
ecosystems and their 
composition, at scales 
relevant for carbon 
sequestration projects.

>  Greater 
understanding of 
drivers of erosion 
on open coasts in 
Victoria and the  
Tiwi Islands.

>  Improved knowledge 
of the temporal and 
spatial patterns of 
shoreline change, 
at scales relevant to 
coastal management. 

>  In collaboration with 
stakeholders, more 
accurate models 
of storm-dune-
vegetation dynamics 
for managing future 
erosion risk.

>  Greater understanding of 
how to effectively design 
nature-based methods, 
achieved through the 
development and on-
ground trials of these 
techniques.

>  Knowledge of the 
barriers and enablers 
in the use of nature-
based coastal 
protection methods 
in Australia through 
active collaboration with 
stakeholders.

>  National guidelines for 
nature-based methods 
for coastal hazard risk 
reduction that builds on 
international knowledge 
and the national research 
effort in this area. 

• Vegetated coastal ecosystems 
are hotspots of atmospheric 
carbon dioxide storage and 
sequestration but are under 
pressure from sea level rise, 
increases in marine heatwaves 
and other human-caused  
local impacts.

• Australia’s coastline harbours 
vast extents of vegetated 
coastal ecosystems and 
there is increased interest in 
how to unlock their climate 
change mitigation potential.

• Management strategies 
(restoration, rehabilitation and 
soft or hybrid eco-engineering 
techniques) have the potential 
to protect and increase carbon 
stocks in vegetated coastal 
ecosystems.

In 2016, the National Centre for Coasts and  
Climate (NCCC) was established at the  
University of Melbourne, funded through  
the Earth Systems and Climate Change Hub  
of the Australian Government’s National 
Environmental Science Program. 

Since this time, the NCCC has worked with 
a variety of stakeholders to identify the best 
ways of addressing climate change impacts 
in Australian coastal ecosystems. This has 
included investigating how coastal vegetated 
habitats store carbon and how climate change  
is likely to impact on coastal erosion. 
Researchers and partners have used this 
knowledge to develop and trial on-ground 
ecological engineering solutions to enhance the 
capacity of coastal ecosystems to adapt to climate 
change. The expertise of the research team has been 
recognised nationally, with the NCCC increasingly 
approached for guidance and advice on related 
coastal policies and decision making. Figure 1: On-ground activities involved testing and assessing nature-based coastal protection methods.  

a) Collecting and sorting mangrove seeds for planting in concrete mangrove protection pods. b) Utilising on-ground 
community groups to assist in mangrove planting. c) Tracking sediment gain/loss resulting from the deployment of 
concrete mangrove protection pods.

(a) (b) (c)

A global case for protecting 
coastal carbon stocks
Vegetated coastal ecosystems, 
such as mangrove forests, seagrass 
beds and salt marshes, store and 
accumulate significant amounts of 
organic carbon. 
Due to the climate change mitigation 
potential of carbon sequestration in 
these ecosystems, there is growing 
global interest in integrating coastal 
management strategies that enhance 
or protect these carbon stocks 
into carbon trading and emission 
reduction schemes. There is also 
growing interest in eco-engineering 
techniques that reduce coastal erosion 
while potentially increasing carbon 
sequestration.
Researchers at the NCCC, 
in collaboration with multiple 
stakeholders from across local 

and state government, coastal 
managers and environmental and 
community groups, have improved 
our understanding of how coastal 
management strategies impact coastal 
carbon stocks and how potential 
carbon stock changes can be verified. 
From this work, a global synthesis 
of available information on coastal 
management impact on carbon stocks 
was developed, and sediment carbon 
stock quantification methods have 
been assessed and refined. 

Assessing management 
impacts on carbon stocks 
While vegetated coastal ecosystems 
show great potential for use in carbon 
sequestration projects, they are under 
threat from coastal development, 
climate change and sea level rise. To 
be included as a method for carbon 
crediting in emission reduction 
schemes, coastal management 

activities need to demonstrate a 
verifiable increase in ecosystem 
carbon stocks. This remains a 
challenge as there are few studies 
that directly quantify the carbon stock 
changes in response to management, 
and no accepted standard for carbon 
stock assessment. To address this 
gap, the NCCC evaluated coastal 
management strategies that aim to 
protect and increase coastal carbon 
storage. This research showed that 
restoration approaches, in particular, 
were successful in significantly 
increasing blue carbon compared to 
degraded sites. Recommendations to 
improve the management of coastal 
carbon storage include prioritisation  
of conservation management, 
extending monitoring time frames of 
vegetated coastal ecosystems, more 
research into greenhouse gas fluxes 
in open coastal systems and focusing 
future research on understudied,  
high‐risk areas.

Decision-makers in Australia 
need clearer guidelines for 
when a soft, hybrid or hard 
coastal defence approach  
is most appropriate.
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Methods to quantify carbon 
stocks in vegetative coastal 
ecosystems
Current monitoring approaches 
to quantifying carbon stocks in 
vegetated coastal ecosystems use 
above ground biomass distribution 
as a proxy for below ground carbon 
stocks. However, NCCC research 

has demonstrated that relatively high 
below ground carbon stock variability 
exists at fine spatial scales and that 
this variability is not related to above 
ground carbon stock distribution. 
NCCC research has also highlighted 
that current estimates of carbon 
stocks in vegetated coastal 
ecosystems have a high level of 
uncertainty due to the variety of 

quantification methods used. As a 
result, researchers have developed  
a recommended new standard 
method to estimate carbon stocks 
which overcomes this uncertainty  
and increases the accuracy of  
these measurements.  

Figure 2: Small scale variability in above and below ground carbon stocks at a Mangrove site in Victoria.  
This analysis shows that above ground carbon stocks cannot be used as a proxy for below ground (sediment) 
carbon stocks in vegetated coastal ecosystems.

2. Coastal erosion under a changing climate 
• Climate change is predicted 

to increase the vulnerability of 
Australia’s coastline to coastal 
erosion.

• A key knowledge gap is the 
resilience of these systems to 
changes in erosion frequency 
and magnitude. 

• Analyses of past shoreline 
changes have the potential to 
improve our understanding of 
shoreline resilience to erosion. 

Climate change is expected to 
accelerate erosion of many Australian 
coastlines, with consequences for 
coastal infrastructure, communities, 
ecosystems and coastal leisure 
activities. However, understanding  
how a coastline will respond when 
eroded is complex as it depends 
on a range of drivers including 
the frequency and magnitude of 
erosion events, shoreline type, 
sediment supply and the capacity 
of the coastline to withstand erosion 
(resistance) or adapt (resilience). 

Understanding regional coastal 
erosion requires consideration of 
site-specific forcing-mechanisms and 
local geomorphology. Researchers 
at the NCCC, in collaboration with 
stakeholders from the Victorian 
Government Department of 
Environment, Land, Water and 
Planning (DELWP), Phillip Island Nature 
Parks and the Tiwi Land Council, have 
improved our understanding of local 
drivers of coastal change to inform 
coastal management and planning 
activities. To do this, researchers 
applied historic aerial photographs, 

drone shoreline mapping and 
satellite-based shoreline detection 
methodologies to quantify changes 
in the frequency and intensity of 
erosion at sensitive sites in Victoria 
and the Tiwi Islands. They also 
investigated the role of vegetation in 
mitigating coastal erosion, particularly 
on open-coast sandy shorelines 
where sand dunes provide the first 
and often only barrier to erosion. 
Results suggest that coastal erosion 
at regional sites was driven primarily 
by changes in sediment budgets and 
wave regimes, and that the severity of 

erosion depended on the frequency 
and intensity of erosion events and 
the capacity for the beaches to 
recover. Researchers also found that 
vegetation plays an important role 
in mitigating coastal erosion with 
some species (i.e. Spinifex sericeus) 
providing more protection through 
enhanced dune building and post-
erosion recovery capabilities.

Using traditional knowledge 
to understand coastal 
erosion in the Tiwi Islands
A challenge in understanding coastal 
change in remote regions is the lack  
of high-quality site-specific data.  
This limits research into past shoreline 
behaviour at scales relevant to coastal 
management. 
To address this, NCCC researchers 
talked to Tiwi people about their 
observations of changes in their 
environment. These observations 
were then combined with analysis 
of changes in shorelines from aerial 
photos and drones. This research 
was undertaken in collaboration 
with the Tiwi Land Council people 

Figure 3: Erosional cliffs opposite the Renal Centre in Warrumiyanga, 
Bathurst Island, Tiwi NT. Image: T. Konlechner

and researchers from the School 
of Geography at the University of 
Melbourne (through the Tiwi Land 
Council / University of Melbourne 
Scientific Reference Committee).
The Tiwi participants reported 
widespread changes in the Tiwi 
coastal environment, including 
shoreline erosion, changes in sand 
banks and islands and shifts in tides 
and currents. There were concerns 
around the sustainability of critical 
infrastructure in their towns, as well as 
significant sites in rural areas. 
Specific locations, including the 
shoreline adjacent to the Renal Centre 
in Warrumiyanga and the cliffs at 
Milikapiti, were identified as areas of 

particular erosion concern. Analysis 
of historic photographs show erosion 
of ~5 m and ~9 m at these locations 
respectively, between the mid-1980s 
and 2019.
The conversations with Tiwi people 
provided detailed observations of 
coastal change and identified areas 
of erosion concern that were far 
away from townships. These areas 
would not have been detected if only 
aerial imagery was used to identify 
erosional shorelines. Subsequent 
analysis shows the Tiwi coastline to 
be very dynamic and vulnerable to 
future coastal erosion, some of which 
threatens important assets and values 
to the Tiwi people.

The conversations with Tiwi people provided 
detailed observations of coastal change and 
identified areas of erosion concern that were 
far away from townships. 
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Figure 4: Seeding mussels onto a living breakwater reef 
offshore of Portarlington, Victora. Image: Ralph Roob Figure 6: The benefits and co-benefits of nature-based methods for coastal protection. 

Figure 5: Mangrove seedling  
establishing inside a hybrid  
mangrove pod at Grantville, Victoria. 

National guidelines for 
nature-based methods
Decision-makers in Australia need 
clearer guidelines for when a soft, 
hybrid or hard coastal defence 

approach is most appropriate.  
To address this, researchers in the 
NCCC, through the Earth Systems and 
Climate Change Hub, have developed 
national guidelines for nature-based 
methods of coastal protection. These 

guidelines build on international 
knowledge and national efforts in  
this area and have been developed  
in collaboration with researchers  
from six other Australian universities. 
The guidelines aim to increase 
awareness and promote wider 
adoption of these methods nationally, 
accounting for the environmental, 
economic and socio-political contexts 
specific to Australia. The guidelines 
are directed at coastal managers 
and policy makers from local, state 
and federal government, as well as 
engineers and other practitioners 
that work on the coast. They 
summarise the physical processes 
that underpin nature-based methods 
and the ecological and engineering 
considerations for their application 
based on the major coastal 
ecosystems found in Australia. 
They also provide a framework for 
implementing nature-based methods 
and conducting benefit-cost analysis, 
thereby providing a practical tool that 
can be used to support decisions by 
coastal practitioners to use nature-
based coastal protection methods. 

3. Nature-based methods for coastal  
hazard risk reduction (Eco-engineering) 

• Climate change and continued 
population growth are 
accelerating the need for 
diverse solutions to coastal 
protection.

• Traditionally, shorelines have 
been armoured with artificial, 
non-adaptive structures 
that come with significant 
economic, environmental and 
social costs.

• Nature-based methods (through 
‘soft’ or ‘hybrid’ eco-engineering 
techniques) have the potential to 
play important roles in climate 
adaptation and mitigation.

Nature-based methods use the 
creation or restoration of coastal 
habitats for hazard risk reduction. This 
can be done through restoring the 
habitat alone (‘soft’ approach) or in 
combination with hard structures that 
support habitat establishment (‘hybrid’ 
approaches). These methods have 
a number of benefits over traditional 
structures. As a living, growing system 
they can be adaptive to a changing 
climate and self-repair after storm 
events. Nature-based methods also 

have the capacity to provide a number 
of co-benefits in addition to coastal 
defence, which include supporting 
biodiversity, fisheries productivity, 
water filtration, carbon storage and 
social value.
Key to successful implementation 
of nature-based methods is 
understanding how to achieve both 
ecological (establishment of the 
habitat) and engineering (hazard 
risk reduction) goals. Researchers 

at the NCCC, in collaboration with 
multiple stakeholders, have been 
developing and trialling nature-based 
methods for coastal hazard risk 
reduction to enhance the capacity of 
communities and ecosystems to adapt 
to climate change. This has included 
hybrid mangrove planters across 
three Victorian locations with six 
stakeholders, and shellfish reef living 
shorelines in Port Phillip Bay with the 
City of Greater Geelong.



> > > FURTHER INFORMATION

Next steps
In 2019, the Australian Government 
committed $25 million for the 
University of Melbourne and Monash 
University to jointly establish a 
physical presence for the NCCC. 
This will be part of an interdisciplinary 
science research and education facility 
in the Quarantine Station Precinct at 
Point Nepean, Victoria. 
In 2021, the NCCC will continue 
its work on climate adaptation 
and mitigation solutions in coastal 
ecosystems as a partner organisation in 
the new Marine and Coastal Hub under 
the Australian Government’s National 
Environmental Science Program. The 
Hub will be jointly hosted by the Reef 
and Rainforest Research Centre in 
Cairns and the University of Tasmania.
Through the establishment of the 
research and education facility at Point 
Nepean and as part of the new Marine 
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Figure 7: The Point Nepean Quarantine Station: the new physical 
site of the NCCC. Image: John Gollings

and Coastal Hub, the National Centre 
for Coasts and Climate will build upon 
research, learnings and stakeholder 
engagement activities undertaken 
as part of the Earth Systems and 

Climate Change Hub. This will ensure 
practical solutions to climate change 
impacts in the Australian coastal zone 
will continue to be investigated and 
developed into the future.  
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