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Key Messages

Nature-based solutions
are actions that protect,
manage or restore natural
ecosystems with the potential
to help mitigate and adapt to
global warming and benefit
biodiversity.

There are significant
uncertainties regarding the
effectiveness of nature-based
solutions and concerns over
their usage as carbon offsets.

Nature-based solutions cannot
replace the urgent need to
dramatically reduce greenhouse
gas emissions to achieve the
goals of the Paris Agreement.
However, they can contribute
to removing the emissions that
remain impossible to avoid.

Introduction

To achieve the Paris Agreement goals and limit the global mean temperature
increase to well below 2°C, greenhouse gas emissions need to be
substantially reduced by 2030 and reach net zero by 2050. More than 140
countries have set net-zero targets, covering about 88% of global emissions.
More than 9,000 companies worldwide have joined the United Nations

'‘Race to Zero' campaign, committing to take action to halve global emissions
by 2030'.

In recent years, nature-based solutions have gained considerable attention
as ameans to reach these targets and many governments and companies
are incorporating them in their net-zero strategies. Some sectors strongly
advocate for these solutions while others criticise them.

What are nature-based solutions?

Nature-based solutions refer to
actions that manage, protect, and
restore ecosystems, including
forests, wetlands, oceans, and
grasslands.

These solutions could help mitigate global warming as they:

e enhance the capacity of ecosystems to sequester
carbon dioxide (CO,) from the atmosphere, or

e prevent CO, emissions associated with the loss
or degradation of ecosystems.

Types of Nature-based Solutions

Artificial wetlands

Agroforestry Restoring mangroves
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Explainer box - what is carbon sequestration?

Carbon sequestration is the process of capturing, removing
and storing CO, from the Earth’s atmosphere in plants, soil
and oceans. |t isan important process of the carbon cycle.

Plants sequester carbon through
photosynthesis, a process that
uses sunlight, waterand carbon
dioxide to create energy in the
form of sugar. CO, is stored in the
form of sugarin stems, leaves
and roots. Carbon sequestered in
this form has a typical lifetime of
storage of months to years.

Soils sequester carbon when
plants which have accumulated
carbon through photosynthesis
die or sheds leaves, branches
orroots. This organic matter
containing carbon is added

to the soil litter and can be
sequestered in the soil foran
extended period if conditions
favourits preservation. Carbon
sequestered in this form has a
typical lifetime of storage of years
to centuries.

Oceans sequester CO, when
they exchange gases with the
atmosphere. CO, dissolves

in water and can then be
transported to deeper ocean
layers by the ocean circulation,
where it can be stored for longer
periods (centuries to millennium
in the deep ocean).

J

Plants, soils and oceans are effective at sequestering carbon as long as they remain undisturbed.
If disturbed, ecosystems can turn from net carbon sinks to net sources. For example, natural
disturbances such as wildfires can cause forests to release the carbon they had previously stored.
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Nature-based solutions can be classified into four categories?:

‘I Ecosystem protection: involves the protection of natural habitats from degradation or destruction so that they
continue sequestering carbon. This does not reduce atmospheric CO,, butit does help avoid further increases that
would result from ecosystem degradation. Examples include stopping deforestation, reducing land clearing and
protecting wetlands.

2 Ecosystem restoration: aims to restore degraded ecosystems. Once restored, these ecosystems store CO,,
becoming net carbon sinks. Examples include re-foresting previously cleared land, re-wetting drained peatlands
and restoring mangroves or seagrass meadows.

3 Sustainable land management practices: involves the adoption of agricultural methods that sequester more
carbon in vegetation and soils than conventional farming. Examples include agroforestry which combines trees
with livestock and crops on the same area of land.

4 Ecosystem creation: involves building new ecosystems that absorb and store carbon. Examplesinclude tree-
planting in regions not previously forested or the creation of artificial wetlands.

We note that these are all environmentally worthy ambitions with valuable outcomes. However, we focus here on
whether these nature-based solutions mitigate global warming.

How much CO2 can nature-based

SOlutionS Save? Total Emissions
via human activity
In terms of carbon, several studies have suggested a 200 [ @ssuming35billion
. . . L tonnes emissions per
mitigation potential of somewhere between 5 billion \go [ vearforsyears
tonnes of CO, and 10 billion tonnes of CO, per year by 3
2030%*. Most of the nature-based solutions included in 160 F
these estimations are terrestrial, as there is substantially tf f
. . . E 140 |
more terrestrial than marine research on the potential S r
scale, risks and uncertainties of nature-based solutions. 2 120
These estimates are highly uncertain because nature- Z 100 [
based solutions are vulnerable to very rapid natural or ; [
human disturbances which could cause ecosystems to % 80
release the carbon previously stored®. It is very important E s L Nature-based solutions
th f t t tential esti tes f hat ld w r assuming optimistic 5
erefore to separate potential estimates from what cou 5 . T ——
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be achievable. for the next five years

Regardless of the exact figure, a large gap remains 20 ¢

between the mitigation potential of nature-based q

solutions of 5-10 billion tonnes of CO, per year by 2030 5 year period

and the current emissions via human activity of around 35

billion tonnes of CO,¢ each year.

However, itisimportant to recognise that even a Figure 1 Approximate global emissions of carbon dioxide
small contribution can be valuable, especially when over the next 5 years and the mitigation potential over the

same five years. Both estimates are uncertain, but present

nature-based solutions have other co-benefits such as i
reasonable scenarios.

biodiversity enhancement and climate risk reduction.
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How fast and for how long do nature
-based solutions store carbon?

Carbon storage in nature-based solutions varies
significantly depending on the ecosystem type.
The amount of carbon stored, as well as the rate
and duration of storage depend on various factors
specific to the way different ecosystems function.

Coastal ecosystems such as mangroves and seagrass
meadows store carbon 27 to 56 times faster than
tropical rainforests, which usually take decades to
accumulate and store significant carbon’®. However,
mangroves and seagrass meadows are restricted to
coastal areas, meaning they could store less carbon
overall compared to forests, which can cover large
areas.

The duration of storage also varies significantly
between these ecosystems. Mangroves and seagrass
could potentially store carbon for thousands of years
in their sediments”'% while storage in forests could
be limited to the lifetime of trees, which is of decades
or century. This storage duration could potentially

be extended if wood is harvested and built into
structures such as houses, effectively locking up
carbon but these are still short-term compared to the
storage lifetime of carbon stored in fossil fuels which
are many millions of years.

However, there are large uncertainties surrounding
the duration of storage nature-based solutions

can actually achieve, because these solutions are
particularly vulnerable to disturbances. Natural
and human disturbances can damage ecosystems,
reducing the longevity of their carbon storage.

e Naturaldisturbances: droughts, wildfires and pest
outbreaks can cause forests to release the carbon
they had previously stored back into the atmosphere®.
For example, a major fire can return decades worth of
carbon uptake in a matter of days. Additionally, marine
heatwaves, tropical cyclones and storms can physically
damage mangroves and seagrass meadows and disrupt
their sediments, leading to carbon loss®.

These disturbances are expected to become more frequent
with climate change, potentially turning ecosystems into a net
source of carbon.

e Human disturbances: pollution, land-use changes
and unsustainable management practices can affect
ecosystems. Deforestation can lead forests to release
the carbon they had stored. Excavation and logging can
disturb mangroves sediments leading to carbon loss.
Similarly, pollution from agriculture, boats and propellers
as well as land developments can physically damage
seagrass meadows, releasing carbon.

Overall, carbon storage in nature-based solutions
isinfluenced by a complex interplay of ecological,
environmental and human-related factors bringing a lot of
uncertainties surrounding their mitigation potential.

Given natural and human disturbances, nature-based
solutions may only provide short-term carbon storage. In
comparison, oil and gas fields contain carbon that is hundreds
of millions of years old. No nature-based solution can replace
the long-term storage of carbon provided by oil and gas
reserves®. Itisimportant to prevent mining and burning fossil
fuels which releases carbon from its reserves, rather than
finding uncertain strategies to remove the carbon from the
atmosphere afterit has been emitted.

The Posidonia australis seagrass meadow in Australia’s Shark Bay on Aug. 7, 2019.Rachel Austin / The University of Western
Australia. Image Source: https://www.nbcnews.com/science/science-news/worlds-largest-plant-vast-seagrass-meadow-
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Co-benefits of nature-based solutions

Some nature-based solutions can help adapt to the impacts of climate change by reducing exposure to climate
hazards''. For example, mangroves store carbon but also help protect against floods and storm surges. Similarly,
restoring and protecting forests can lower flood risks, soil erosion and landslides. Nature-based solutions can also
help communities adapt to climate change by providing shade and cooling, securing freshwater supply, increasing crop
yields in a drier climate, and providing diverse sources of income'". Some nature-based solutions also help sustain
biodiversity by enhancing the health of natural habitats.

There are therefore many co-benefits of nature-based solutions, even if they can only provide a small or short-term
benefit to mitigating global warming.

Concerns around nature-based solutions

Anincreasing number of companies seeking to reach net-zero are turning to nature-based solutions to offset their
carbon emissions®. To achieve net-zero commitments, companies can:

decrease their emissions as much as possible to close to zero, or
emit carbon but cancel out those emissions using nature-based solutions, or
do a combination of both activities.

Offsetting carbon emissions involves buying carbon offsets, i.e. certificates that are issued when carbon is removed or
prevented from entering the atmosphere through various environmental projects. For example, if a company emits one
tonne of CO,, it can purchase a carbon offset generated by a nature-based project such as a reforestation project, which
removes an equivalentamount of CO,. This approach allows companies to claim “net zero” or "an emissions reduction”
while still actually emitting CO,,.

For nature-based solutions to make a genuine contribution to reducing global warming, the nature-based solution
needs to actually reduce the amount of CO, in the atmosphere.

By burning fossil fuels, companies release carbon that is millions of years old. To compensate these emissions, nature-
based solutions need to remove and store CO, for centuries or millennia. However, CO, sequestered using nature-based
solutions may have a storage timescale of years, decades or perhaps a century, because many of them are particularly
vulnerable to external disturbances'. Some of this is by design - a company might plant a forest with plans to harvest
the wood after 30 years. This may be a good business decision, but it does not mitigate global warming unless the wood
is used in some way that avoids the carbon being emitted. Any co-benefits such as biodiversity benefits or local climate
adaptation are also lost when forests are harvested.

S SR

Restoration of threatened temperate coastal wetland, Grace Isdale NRM South.
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Another problem with nature-based solutions relates to constraints on land area and tree growth which limit the
capacity of nature-based solutions to offset fossil fuel emissions'. Some land areas well-suited for large-scale
forestation are used for agriculture which risks food security if now replaced by forests.

Given these limitations, claiming a trajectory towards net zero via use of nature-based solutions without cutting actual
emissions to close to zero is at severe risk of "green-washing”. A good rule of thumb is to assess a company's trajectory
towards net-zero in terms of total Scope 1, Scope 2 and Scope 3 emissions, which represent a company's direct and
indirect emissions. These actual emissions need to be drastically reduced if there is an aim of reaching net zero by 2050.
Any fraction of mitigation achieved via offsetting needs to be made explicit.

Looking forward ...

Nature-based solutions can contribute towards some mitigation of global warming by harnessing the natural capacity
of ecosystems to absorb CO,. These approaches can also provide adaptation benefits for communities and support
biodiversity.

However, while there are exemplar projects, particularly projects that protect ecosystems and therefore avoid
additional emissions, the amount of CO, that projects could remove and retain from the atmosphere is dwarfed by
human emissions of CO,. Further, the length of time these projects will actually remove CO, from the atmosphere is
highly variable and none remove it to a timescale that approximate the natural timescales of coal and gas storage in
natural reservoirs®.

Uncertainties regarding the vulnerability of nature-based solutions to external disturbances, including direct
disturbance associated with climate extremes, and limited land and ocean areas to develop long-term storage capacity
highlight that approaches to offset CO, emissions via nature-based solutions are unlikely to be more than a small
fraction of any mitigation strategy.

Fundamentally, achieving the Paris climate goals requires first and foremost a far-reaching and rapid reduction in
greenhouse gas emissions and urgent action to decarbonise our economies. Eliminating CO, emissions from all sectors
is obviously challenging,but nature-based solutions should only be implemented in addition to deep and rapid
fossil-fuel emission reductions to help remove the emissions that remain impossible to avoid.
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Restoring Native Vegetation For Malleefowl Habitat - Greening Australia. Image Source: https://www.greeningaustralia.org.au/
restoring-native-vegetation-for-malleefowl-habitat/



Written by

Laure Poncet

Laure Poncetis a Communications Officer at the ARC
Centre of Excellence for Climate Extremes. Laure has
a background in atmospheric and climate science
including a Masters from ETH Zurich. She also holds

Andy Pitman
is the Director of the ARC Centre of Excellence for Climate
Extremes. His expertise focuses on terrestrial processes in
climate modelling, including the water, carbon and energy fluxes,

Diploma from NCTJ in multimedia journalism. For
the Centre, Laure focusses on translating complex
scientific research into accessible language and raising

awareness about climate extremes.

extremes and the robustness of climate models at various scales.

Produced by

Engagement and Impact Team - Knowledge brokers: Angela Kaplish, Alice Wilson
Communications: Laure Poncet Graphic design: Georgina Harmer

References

1. United Nations, For a liveable climate: Net-zero
commitments must be backed by credible action,
https://www.un.org/en/climatechange/net-
zero-coalition

2. Seddon, N., Smith, A., Smith, P., Key, |.,
Chausson, A., Girardin, C., etal. (2021). Getting
the message right on nature-based solutions to
climate change. Global Change Biology, 27(8),
1518-1546, doi: 10.1111/gcb.15513.

3. United Nations Environment Programme and
International Union for Conservation of Nature
(2021). Nature-based solutions for climate
change mitigation. Nairobi and Gland.

4. Girardin CAJ, Jenkins S, Seddon N, Allen M,
Lewis SL, Wheeler CE, Griscom BW, Malhi
Y (2021). Nature-based solutions can help
cool the planet - if we act now. Nature. 2021
May;593(7858):191-194. doi: 10.1038/d41586-
021-01241-2.

5. Johannessen, S.C., Christian, J.R. (2023),
Why blue carbon cannot truly offset fossil fuel
emissions. Commun Earth Environ 4, 411,
https://doi.org/10.1038/s43247-023-01068-x

Contact
clex@unsw.edu.au

6.

International Energy Agency, CO2 Emissions
in 2022, https://www.iea.org/reports/co2-
emissions-in-2022.

McLeod E, Chmura GL, Bouillon S et al. (in
press), Ablue print for blue carbon: toward
an improved understanding of the role of

vegetated coastal habitats in sequestering CO2.

Frontiers in Ecology and the Environment, doi:
10.1890/110004.

Mendelsohn, R., Sedjo, R., & Sohngen, B.
(2012). Forest Carbon Sequestration. In Fiscal

Policy to Mitigate Climate Change (pp. 89-102).

International Monetary Fund.

Andre S. Rovai, Clemente Coelho-Jr, Renato
de Almeida, Marilia Cunha-Lignon, Ricardo P.
Menghini, Robert R. Twilley, Gilberto Cintrén-
Molero, Yara Schaeffer-Novelli, Ecosystem-
level carbon stocks and sequestration rates

in mangroves in the Cananéia-lguape lagoon
estuarine system, southeastern Brazil, Forest
Ecology and Management, Volume 479, 2021,
https://doi.org/10.1016/j.foreco.2020.118553.

1.

. Macreadie PI, Trevathan-Tackett SM, Skilbeck

CG, Sanderman J, Curlevski N, Jacobsen G,
Seymour JR. Losses and recovery of organic
carbon from a seagrass ecosystem following
disturbance. Proc Biol Sci, 22,282(1817), doi:
10.1098/rspb.2015.1537.

Seddon, N, Chausson, A., Berry, P., Girardin,
C.A.J., Smith, A. and Turner, B. (2020).
Understanding the value and limits of nature-
based solu4ons to climate change and other
global challenges. Philosophical Transactions
of the Royal Society B: Biological Sciences.
375(1794). doi: 10.1098/rstb.2019.0120.

. Zickfeld, K., Maclsaac, A.J., Canadell, J.G. et

al. Net-zero approaches must consider Earth
system impacts to achieve climate goals. Nat.
Clim. Chang. 13, 1298-1305 (2023). https://doi.
org/10.1038/s41558-023-01862-7

. Pugh, T.A. M., Lindeskog, M., Smith, B., Poulter,

B., Arneth, A., Haverd, V., & Calle, L. (2019).
Role of forest regrowth in global carbon sink
dynamics. Proceedings of the National Academy
of Sciences of the United States of America,

116, 4382-4387. https://doi.org/10.1073/
pnas.1810512116

Follow Climate Extremes:

in v f

I MONASH

= University

13- MELBOURNE

At UNIVERSITY of
2 University TASMANIA



