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We, like many other organisations, recently declared a climate 
emergency and biodiversity crisis. In doing so we recognise that 
these crises are inextricably linked and cannot be addressed 
in isolation , and nor can they be fully understood without 
reference to social issues. We acknowledged that nature-based 
solutions, which our membership are well placed to instigate, 
must play a key role in mitigating against, and adapting to, 
climate change, and reversing ongoing declines in biodiversity. 
This briefing sets out what nature-based solutions (NbS) are 
and why we should use them.

What are Nature-Based Solutions?

The International Union for the Conservation of Nature (IUCN) 
defines NbS as “actions to protect, sustainably manage and 
restore natural or modified ecosystems, which address societal 
challenges [such as food security, climate change, water 
security, human health, disaster risk, social and economic 
development] effectively and adaptively, while simultaneously 
providing human well-being and biodiversity benefits”1. The 
IUCN has grouped the NbS approach into five categories2: 

• Ecosystem restoration approaches: ecological restoration,
ecological engineering and forest landscape restoration

• Issue-specific ecosystem-related approaches: for example,
climate adaptation

• Infrastructure-related approaches: green infrastructure and
natural infrastructure

• Ecosystem-based management approaches: integrated
coastal zone management and water resources
management

• Ecosystem protection approaches: area-based conservation

There are slight variations in the definition of NbS, for example, 
the European Commission (EC) has developed its own 
definition which varies in that the core of IUCN’s definition is to 
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make use of existing natural ecosystems and manage and restore them, while the EC definition also promotes 
constructed solutions supported by nature3: 
“Solutions that are inspired and supported by nature, which are cost-effective, simultaneously provide 
environmental, social and economic benefits and help build resilience. Such solutions bring more, and more 
diverse, nature and natural features and processes into cities, landscapes and seascapes, through locally 
adapted, resource-efficient and systemic interventions”4.

Examples of NbS include restoring habitats such as peatlands, woodlands and kelp beds to absorb carbon 
dioxide. Creating and restoring wetlands also works to protect against flooding; and creating green and blue 
spaces in urban areas can also combat urban heating and enhance human health (see Figure 1 for example). 

NbS for the current climate emergency need to increase carbon sequestration by improving existing habitats 
and/or creating different habitats to combat rising greenhouse gas emission levels. Consideration should 
also be given to the timescale of habitat creation as initially there may be a rise in green house gas levels, for 
example wetlands can produce methane when land is initially flooded. However, over the longer-term, these 
habitats will store carbon. 

Figure 1. Functions of ecosystems for water management. Reprinted from Cohen-Shacham et al. (2016), p. 21.

Soils also play a significant role in carbon sequestration and storage due to the burial of organic matter and 
storage of carbon in root systems. The extent of the organic matter content, in the form of humus, depends 
largely on the above ground habitat and management5. Studies have shown that conversion from farmland 



to grassland and species-poor to species-rich grassland can 
significantly increase the soil carbon sequestration rate6. The 
net impact on both carbon sequestration and biodiversity 
should be considered fully when creating new habitat. 

Similarly, healthy fungal networks in soil are essential as 
they account for a large proportion of carbon sequestration 
and storage in the soil. These fungi can be depleted by 
contaminants such as pesticides and nitrogen pollution which 
can reduce their abundance or viability and increases soil 
bacteria which could potentially degrade soil more rapidly and 
release carbon. 

Creation of habitat, whether it is grassland, wetland, woodland 
or other high value carbon sequestering types, will increase 
soil carbon on previously degraded soil or bare ground. 
However, to provide these benefits into the future, the habitat 
needs to be maintained. 

Do They Work?

Evidence of effectiveness to support the use of NbS can be 
found worldwide. The Nature-Based Solutions Initiative, based 
at the University of Oxford, has developed an Evidence Tool 
which draws together global scientific evidence of the link 
between NbS and climate change adaptation outcomes7.

In 2012, Natural England conducted a review of carbon storage 
values by habitat and how different management options may 
impact sequestration or loss of carbon by habitat8. Similarly, in 
2019 the Office for National Statistics published ecosystem 
service accounts, on behalf of the Scottish Government, which 
estimate the quantity and value of services being supplied 
by Scottish natural capital, including carbon sequestration9,10. 
This evidence can be used when considering land-use change 
for NbS. This research should be coordinated across Great 
Britain and the island of Ireland to provide comparative 
measurements as carbon storage values will vary considerably 
depending on local climate and water availability. 

Woodland Restorat on and Tree Planting 

Increasing tree cover is widely recognised as an effective 
method of increasing carbon sequestration and storage. The 
Committee on Climate Change recommends that UK forestry 
cover should be increased from 13% to 17% by 205011 and the 



target in the Republic of Ireland is to increase cover from 11% 
to 18% by 205012. However, there are additional considerations 
that need to be made. 

Carbon storage needs should be balanced with other 
objectives, for example, protection of biodiversity. Conifers 
can sequester and store more carbon in the short to medium 
term due to their fast-growing nature. However, evidence 
suggests that in the long-term, native oak and beech species 
store an equal or greater amount of carbon13 and can provide 
additional benefits for biodiversity. Any planting should follow 
the principle of ‘the right tree in the right place’, i.e. using 
native species of local provenance where possible and avoiding 
‘planting up’ of key open habitats that are not only important 
for biodiversity, but may also have a higher carbon capture 
capacity. Any tree planting programme on existing habitat 
should be subject to an Environmental Impact Assessment.

Management techniques have a significant impact on a 
woodland’s ability to store carbon. Natural England’s review 
shows unmanaged forest nature reserves have higher carbon 
stocks than combined objective forestry. Comparatively, 
coppiced woodlands will have lower carbon stocks that 
unmanaged woodland if the felled stems are removed from 
the site. However, coppicing and leaving deadwood can benefit 
biodiversity through habitat provision14.

Woodland expansion and restoration can also provide 
additional ecosystem services, such as the regulation of water, 
mental and physical well-being, and soil protection15 which 
can ultimately achieve the objectives of several public bodies 
and foster partnership working. For example, tree planting is 
often used to reduce nitrogen pollution of water courses on 
agricultural land. Nitrogen losses from woodland are lower 
than agricultural land and nitrate deposition to woodland is 
higher than it is for shorter vegetation16. This can have benefits 
for freshwater biodiversity, water regulation and carbon 
storage. 

Peatland Restoration

Peatlands have been referred to as the most efficient store of 
terrestrial carbon17. However, when degraded, they can act as 
a source of greenhouse gases, reduce water quality and have 
reduced biodiversity. Research has found that re-vegetation 
of eroded peat can result in significant and rapid reductions in 
sediment and particulate organic matter downstream (within 
five years)18. Improved water quality has also been measured 
where drainage systems of peatlands have been blocked to 



allow re-wetting of the habitat. This has been linked to higher 
biodiversity and abundance of freshwater invertebrates19. 

Evidence has shown that converting drained blanket bog back 
to intact blanket bog can result in absorption of approximately 
five tonnes of carbon dioxide equivalents per hectare per 
year20. Stopping peatland degradation through re-vegetating 
and blocking drains and gullies also stops the loss of stored 
carbon which represents a reduction in carbon dioxide 
production into the future.

Coastal Protection

The restoration of coastal habitats such as salt marshes and 
mud flats offers significant benefits for biodiversity such as 
wading birds. The provision of these habitats and managed 
retreats from the coast (coastal realignment) are also valuable 
in reducing storm surges and, therefore, the risk of flooding.

Cohen-Shacham et al. (2016) outline a case study in which 
a managed realignment project in the Solent, England, 
shows how careful realignment of a river can have significant 
beneficial impacts for flood protection and wildlife. A 
partnership of residents and statutory bodies was formed 
to implement a managed realignment at Medmerry in the 
Manhood Peninsula due to ongoing issues with flooding in the 
area. A Habitat Creation Working Group was also formed, and 
the RSPB helped to manage impacts on birds. Construction 
was completed in 2013 and, despite that winter being one of 
the stormiest in 50 years, there was no significant damage. 
Previous storms of similar scale had caused up to £6 million in 
damage. Monitoring also shows the site has been successful 
in conserving intertidal mudflat and saltmarsh habitat and it is 
being occupied by birds, water voles and fish21.

In addition to protection, salt marshes, mudflats, corals and sea 
grass can act as significant carbon sinks and stores22. There is, 
however, evidence that restored areas do not retain deposited 
material as effectively as natural ecosystems and so they may 
not match the full functionality23. A continued focus should be 
on maintaining and protecting existing ecosystems wherever 
possible. 

Flood Protection

NbS can also be implemented to reduce inland flooding. This 
can be in the form of floodplain meadow or wetland protection 
and restoration, restoration of river meanders, planting of 
hedgerows and trees to slow water flow, and Sustainable 



Drainage Systems (SuDS). SuDS, for example, use a mixture of 
assets, such as green roofs, permeable paving and retention 
ponds, to mimic the natural drainage of water through a 
site. In some cases, these have been shown to have lower 
whole of life costs than traditional systems24 and can enhance 
biodiversity, help to meet water efficiency targets and reduce 
flooding risk25. 

These benefits have also featured significantly in the 
discussions surrounding rewilding. For example, Keestra 
et al. (2017) outlined the results of rewilding abandoned 
agricultural land in Slovenia, which improved soil function in 
terms of organic matter content and stability, and reduced 
flood risk in the area26.

Urban Living 

Many studies have demonstrated that natural environments 
in urban areas can provide health-related benefits, including 
heat reduction, reduced air pollution, stress reduction, water 
management, increased physical activity and improved 
mood27. A review of the cooling effect of urban greening 
found that, on average, parks can be almost 1°C cooler in the 
day compared to neighbouring built-up areas28. In addition, 
biodiverse green space can have economic benefits due to 
increased attractiveness for housing and tourism29.  

Green Versus Grey 

Despite the benefits evidenced by NbS, there have been 
relatively few studies directly comparing their use to artificial 
alternatives. Vineyard et al. (2015) showed that the use of rain 
gardens in a residential area in Cincinnati reduced costs by 
42% compared to a typical detain and treat system, as well as 
providing a 62-98% environmental impact reduction over the 
lifecycle of the project30. Additionally, studies have shown that 
green roofs can create a more constant internal temperature 
than conventional roofs31.

Morris et al. (2018) reviewed evidence for the effectiveness 
of nature-based coastal protection (saltmarshes, sea grass 
beds, mangroves etc.) versus artificial protection (breakwaters 
and seawalls)32. The evidence suggests that restored coral 
reefs, mangroves and dunes can be at least equivalent to 
artificial structures at maintaining or building the shoreline. 
The researchers also recommended that cost-benefit analyses 
should consider all ecosystem services provided, not just 
coastal protection and urged the need for further direct 
comparison. 



It is essential to take a ‘whole-ecosystem-approach’ when implementing NbS. Traditional ‘grey’ infrastructure 
may well offer immediate solutions and use less land. However, NbS can offer more effective and resilient 
solutions in the long run and have been shown to be cheaper in many cases (Figure 2) 33,34. Grey infrastructure, 
such as drainage systems in cities, often only provide one service and can struggle to meet increased pressures 
such as more frequent and intense storm events, causing further issues35. 

Figure 2. The effectiveness, affordability, strength of evidence and additional consequences of different 
options designed to reduce the impact of drought and river flooding. Reprinted from The Royal Society (2014, 
p. 61). ©Royal Society 2014.



Implementation

The Intergovernmental Panel on Climate Change (IPCC) has 
recognised the need for NbS to form a significant part of the 
response to the climate emergency. However, they have also 
warned that some types of NbS, such as afforestation, could have 
adverse effects on other Sustainable Development Goal areas 
including biodiversity and food security if appropriate scale and 
land type are not considered fully36. Opportunity mapping and 
modelling should be used to identify optimum land type and area 
scale, which can then be implemented as part of a strategic plan, 
for example, the Nature Recovery Network37 in England, the Local 
Nature Partnerships in Wales38 and the master planning approach 
championed by Scottish Natural Heritage39. 

Each site considered for NbS must be assessed individually, and 
in its landscape context, so that appropriate action can be taken. 
The climate emergency and biodiversity crisis must be addressed 
in tandem and, if properly implemented, NbS can provide an 
effective and economic tool. As such, ecosystem services afforded 
by NbS should also be considered in Cost Benefit Analyses. 

In addition, one of the keys to implementing NbS successfully is 
ensuring buy-in from all stakeholders, particularly landowners and 
the local community. This is best achieved by developing projects 
with stakeholders from the outset, for example the Maharees 
Conservation Association in Co. Kerry, Ireland, was formed by the 
local community to design coastal management solutions with 
advice from academics40.

The IUCN are currently working on a global standard which will 
allow users to design solutions, verify projects and upscale pilot 
projects41. This standard will further increase the effectiveness and 
quality of NbS, provided they are implemented by appropriately 
qualified ecologists and environmental managers. The IUCN and 
Commission on Ecosystem Management have also developed 
eight core principles to help with the implementation of NbS. 
These state that NbS:

1. embrace nature conservation norms (and principles)
2. can be implemented alone or in an integrated manner with

other solutions to societal challenges (e.g. technological and
engineering solutions)

3. are determined by site-specific natural and cultural contexts
that include traditional, local and scientific knowledge

4. produce societal benefits in a fair and equitable way in a
manner that promotes transparency and broad participation

5. maintain biological and cultural diversity and the ability of
ecosystems to evolve over time

6. are applied at a landscape scale



7. recognize and address the trade-offs between the
production of a few immediate economic benefits for
development, and future options for the production of the
full range of ecosystem services

8. are an integral part of the overall design of policies, and
measures or actions, to address a specific challenge42.

What We Are Doing

In 2019, we launched a working group on the climate 
emergency and biodiversity crisis called Action 2030. The 
Action 2030 group is working to:

• Challenge and provide advice to CIEEM on achieving net-
zero carbon emissions by 2030 in all of its operations and
activities.

• Identify means by which CIEEM can lead change to
professional practice to reflect opportunities to address the
climate emergency and biodiversity crisis.

• Provide information and advice to members on how they
can help to address the climate emergency and biodiversity
crisis through their professional work.

• Promote the use of NbS to address the climate emergency.
• Build relationships and share knowledge with other

relevant climate emergency and biodiversity crisis working
groups.

Our members are at the forefront of implementing NbS so 
we will continue to provide support in this area. We will be 
publishing blogs, In Practice articles and webinars, and will 
be holding Member Network events in the coming months to 
showcase this advice. 

https://cieem.net/i-am/influencing-policy/action-2030/
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