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Risks to global economy
and wellbeing
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NbS

Extreme events
Failure of climate change
mitigation and adaptation
Natural disasters
Water crises
Biodiversity loss and
ecosystem collapse

World Economic Forum:
Global Risks Landscape 2019

New framing: Nature as an ally in
the fight against change, not merely
a vulnerability
By working with rather than against
natural living systems we can
mitigate risks while securing
multiple benefits
**Extent to which nature reduces
risk and brings benefits depends on
how we implement NbS**

Seddon et al. (2019) Nature Climate Change

• Lots of excitement and momentum around NbS - do they work?
=> What is the strength of the scientific evidence that they are ecologically
sound, financially viable and yield genuine benefits for people?
Do nature-based solutions:
ØReduce exposure (e.g. limit coastal flooding);
ØReduce sensitivity to CC impacts (e.g. secure diverse livelihoods); and
ØBuild adaptive capacity (e.g. empower communities)?

Moving beyond stories: consolidating the evidence
Þ Systematic review of effectiveness of restoration,
protection, management of ecosystems in reducing
exposure and delivering positive ecological, social,
economic outcomes

c.50%

ØEvidence is scattered among disparate
literatures and disciplines, hidden behind
multiple framings, and there are major
evidence gaps
ØTotal studies: c.23,000 (>50% since 2012):
ØCoded studies: >300
Total # (running total) of papers indexed for a given year in Scopus
(orange line) and Web of Science (blue line)

Win-wins of rural NbS?
Protection from coastal hazards and sea level rise
• Global: Coastal habitats significantly reduce wave
heights: coral reefs and salt-marshes (70%); seagrass
and kelp beds (36%), mangroves (31%).
NbS = 2-5 times more cost-effective at lower wave
heights and at increasing water depths cf.
engineered structures (n=52 sites)
• Gulf of Mexico: Construction of ‘living shorelines’ by
aiding natural recruitment of oyster reefs can reduce
vegetation retreat by 40% compared to unprotected
sites, stabilizing the shoreline from the effects of
waves and erosion, and increasing abundance and
diversity of economically important species.

Protection from erosion and landslides
• China: A mix of afforestation, reforestation, and
conservation of natural forests over 25 years in Poyang
Lake basin halved heavy soil erosion while inc. net
carbon sequestration x5 and net income for local
farmers x6.
Restoration of natural vegetation on Loess Plateau
reduced soil erosion to a comparably or significantly
greater extent than tree plantations, across a range of
anti-soil erosion indices. Compared to afforested
slopes, these naturally re-vegetated slopes also had
1.3-2 times higher soil water content and supported
more biodiversity.

Narayan et al. (2017) Scientific Reports; Scyphers et al. (2011) PLOS One; UNEP 2014

Positive economics of NbS
Protection from coastal hazards and sea level rise
• Global: Coastal habitats significantly reduce wave
heights: coral reefs and salt-marshes (70%); seagrass
and kelp beds (36%), mangroves (31%).
NbS = 2-5 times more cost-effective at lower wave
heights and at increasing water depths cf.
engineered structures (n=52 sites).
• Gulf of Mexico: Construction of ‘living shorelines’ by
aiding natural recruitment of oyster reefs can reduce
vegetation retreat by 40% compared to unprotected
sites, stabilizing the shoreline from the effects of
waves and erosion, and increasing abundance and
diversity of economically important species.

Economics of avoided losses or ES service loss:
• Reefs: annual damages from flooding x2 and
costs from storms x3 in absence of reefs
globally.
• Saltmarshes: 23.2 Bn US$ p.a. avoided
damage 1980-2007 (34 hurricanes).
• Mangrove: deforestation cost $32M in lost
ES over 20 years (the shrimp farms they
were replaced with generated half).

e.g. Beck et al. (2018) Nature Communications

Win-wins of rural NbS?
Protection from coastal hazards and sea level rise
• Global: Coastal habitats significantly reduce wave
heights, with coral reefs and salt-marshes causing
reduction of 70%, seagrass and kelp beds (36%),
mangroves (31%). Across 52 sites, NbS = 2-5 times
more cost-effective at lower wave heights and at
increasing water depths cf. engineered structures.
• Gulf of Mexico: Construction of ‘living shorelines’
by aiding natural recruitment of oyster reefs can
reduce vegetation retreat by 40% compared to
unprotected sites, stabilizing the shoreline from
the effects of waves and erosion, and increasing
abundance and diversity of economically important
species.

Protection from erosion and landslides
• China: A mix of afforestation, reforestation, and
conservation of natural forests over 25 years in
Poyang Lake basin halved heavy soil erosion while
inc. net carbon sequestration x5 and net income for
local farmers x6.
Restoration of natural vegetation on Loess Plateau
reduced soil erosion to a comparably or
significantly greater extent than tree plantations,
across a range of anti-soil erosion indices.
Compared to afforested slopes, these naturally revegetated slopes also had 1.3-2 times higher soil
water content and supported more biodiversity.

Huang et al. (2012) Ecol. Eng.; Jiao et al. (2012) Rest. Ecology

Win-wins of urban NbS?
Moderating urban heatwaves and heat
island effects

• Global: Green spaces are av. 0.9°C cooler
in daytime than urban spaces, with
stronger effects the larger green space
(meta-analysis of 47 studies comparing
cooling effects of parks and areas with
trees with purely urban areas)
(Bowler et al. 2010 Landscapes Urban Planning)

Managing storm-water and flooding in
urban areas
• Italy: Wetlands and green space reduce
flood risks, with a 10% higher reduction of
downstream flooding and 7.5% higher
reduction of peak flow compared to grey
infrastructure. NbS also outperform grey
re: water purification and wider socioecological benefits (recreation and
biodiversity) (Liquete et al. 2016 Ecos. Serv.)

+ mental health benefits especially for children (e.g. Engemann et al. (2019) PNAS, Dadvand et a.l (2015) PNAS)

Growing agreement amongst ecologists and engineers:
Protects from multiple hazards
Co-benefits (biodiversity, C, health)
Survive smaller events
Self-repair
Adapt - keep pace (e.g. with SLR)
Low cost (avoided damages)
But
Lack of data for extremes
More space, can take time
Fuzzy economics
Variable protection

Expertise
Immediate benefits
Easy economics
But
Single hazards
Not dynamic
Fail over time
No co-benefits

HYBRID – integrating green and grey
Multifunctional landscapes
Þ But understanding of ecosystem resilience and tipping points rarely informs
coastal or catchment planning

Nature’s capacity to reduce risk and support human adaptation may be
compromised by reduced ecosystem resilience under climate change
Forest dieback from drought

certain species and
communities more prone than
others - rich area of research in
ecology on which we need to
draw

Forest resilience impaired by fire

Coral bleaching from warming

Allen et al (2009) Bioscience; Flores et al (2016) PNAS

What do we mean by resilience?
• Capacity of a system (social or ecological) to resist and recover from
perturbation

High resistance,
slow recovery

Low resistance,
fast recovery

Low resistance,
low recovery
Oliver et al (2015) TREE

What enables nature to resist and recover?
• Connectivity – allows for migration and range shifts to track moving ecological
niches as an adaptive response to climate change.
• Diversity – species richness safeguards evolutionary potential; diversity
(taxonomic, functional, phylogenetic), functional redundancy, and abundance
increase resilience
=> Good evidence that biodiverse connected ecosystems accommodate climate
extremes, pathogens, migration (from a forests as well as grasslands)

McGuire et al. PNAS (2016); Oliver et al. TREE (2015); Brancalion & Chazdon. Rest. Ecol. (2017)

Diversity and resilience
Climate extremes

Pests and diseases

• Panama: 15 year-old tropical planted forest. In
contrast to higher richness mixtures, in one-species
plots growth is strongly regulated by climate events
and there is higher mortality during 4-yr drought
(Hutchinson et al. Scientific Reports 2018).

• Global review: Mixed forests more resistant than
monocultures to small mammalian herbivores, soilborne fungal diseases and specialized insect
herbivores. Admixing broadleaves to conifers also
increases the resistance to fire and windstorms
when compared to pure conifer stands (Jactel et al
Current Forestry Reports 2017)

• Europe, USA: 46 experiments manipulating
grassland plant diversity. Productivity of lowdiversity communities with 1-2 spp. changed by
50% during climate events, whereas high-diversity
communities with 16–32 spp. changed 25% (Isbell
et al. Nature. 2017)

Diversity and resilience
Pests and diseases
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• Europe, USA: 46 experiments manipulating
grassland plant diversity. Productivity of lowdiversity communities with 1-2 spp. changed by
50% during climate events, whereas high-diversity
communities with 16–32 spp. changed 25% (IsbellBiodiversity buffers: different species have different
et al. Nature. 2017)

responses to change; enables sustained productivity
across a range of conditions

Loreau & de Mazancourt Amer. Nat. (2008)

Diversity mediates trade-offs
carbon capture & storage

• Among different adaptation services
(e.g. erosion vs water yield, biodiversity
and carbon storage)
• Trade-offs mean it can be dangerous
focussing on a single regulating service
wave attenuation

=> i.e. monocultures can produce
maladaptation and increase exposure to
risk

+/-

When we design and implement NBS we need to take into
account the fact that, at certain scales, the different types of
benefits provided by nature can trade-off against one another

Biodiversity
& ES

+/-

+
water yield

+/-

+

flood regulation

+

slope & shore stabilisation
Kaiser-Bunbury et al. 2017, Biel et al. 2017, Jiao et al 2016, many…

carbon capture & storage

Impacts of 40 years of
afforestation in
Chinese Loess Plateau

=> regeneration natural
habitat brings all co-benefits
without soil desiccation

wave attenuation

+ species diversity
+ soil nutrient cycling
- erosion
++ soil desiccation

+/-
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Diversity reduces trade-offs and promotes synergies
Kaiser-Bunbury et al. 2017, Biel et al. 2017, Jiao et al 2016, many…

Diversity promotes synergies, secures flow of ES, and
safeguards evolutionary potential allowing for
adaptation and providing options for
future generations

Challenges to scaling
up biodiversity-based
NBS and integrating
with other approaches:

Evidence

Awareness

Finance

Governance

v Nature is an ally in the fight against change
and disasters, but only if we enhance
ecological resilience through biodiversity, in
rural and urban settings alike.
v Ultimately, NBS must support nature’s
capacity to evolve; and in doing so, support
the capacity of economies and societies to
do the same.
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Challenges to scaling up NbS
Evidence
Uncertainty scale
urgency;
Getting good
science to
policy
makers and
practitioners

Awareness
Importance of
ecosystem
services in
urban areas;
biodiversity ‘s
role in securing
ES, and as
bedrock of
sustainable
development

Finance
Making PES
work at scale,
natural capital
valuation
(biodiversity
assets)

Governance
Flexible,
public-private
partnerships;
issues of scale
(NbS cuts
across
boundaries
and sectors)

Genuine inter- and transdisciplinary knowledge exchange
“socio-ecological system”

