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Introduction and Definitions



Social-Ecological Systems

Social-ecological systems

Social Sub-System Ecological Sub-System

Characteristics Characteristics

Land use right

Social-ecological Systems: ox e/

knowledge/Imitation ;
from other farmers —» Environmental health

Complex systems of people and Profh aimimton
nature, emphasizing that

humans must be seen as a part

of, not apart from, nature e

External drivers of change
National policies <

Source: Adapted from Berkes and Folke (1998): Linking Social —h ’""-”"‘"’"""""’r Z":d national
. . . a e
and Ecological Systems: Management Practices and Social Technology development
Mechanisms for Building Resilience. Cambridge, UK: Cambridge Degradation of environmental 4————
| health at basin level
Univ. Press. Upstream dam construction

Large scale deforestation

Source: Minh Tu Nguyen, Renaud & Sebesvari (2019): Environmental Science and
Policy 92 (2019) 331-348. Permission granted via RightsLink® service

EU funded project

GA no. 776848




Risk and Vulnerability

Risk = f (Hazard : Exposure : Vulnerability)
Characteristics of: People, ecosystems, Susceptibility, coping
Natural hazards (for example: drought, infrastructure capaqty, adaptive
flood, storm surge, landslide). capacity, ecosystem
and / or Technological hazards robustness

|

Social, Economic,
Environmental,
Institutional
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Some natural hazards

Storm surge breaching coastal defences

Source: Image by Jerry Coli from Pixabay
Free for commercial use

ORI R c -, . f ”h,
Satellite image of Hurricane
Source: NOAA GOES-16 satellite

Harvey 2017-08-25 22317Z.png
Public Domain
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Some natural hazards . Y

Dust bow! (drought)

Source: Sloan/USDA
Dust Bowl - Dallas, South Dakota 1936.jpg
Public Domain
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Flooded city

Source: Commander Mark Moran et al.
Katrina-new-orleans-flooding3-2005.jpg
Public Domain
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Exposure - Definition

Exposure:

The presence of people,
livelihoods, species or Houses exposed on the coastline
ecosystems, environmental Source: Fabrice Renaud/UNU-EHS
functions, services, and
resources, infrastructure,
or economic, social, or
cultural assets in places
and settings that could be

adversely affected (ipcc
20144, p. 39)

Sources for the definitions are to be found in Hagenlocher et al (2018): Climate Risk Assessment for Ecosystem-based Adaptation: A
guidebook for planners and practitioners. Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ) GmbH, Bonn
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Vulnerability - Definition

Vulnerability:

The propensity or
predisposition to be
adversely affected. Social groups
Vulnerability Social networks
encompasses a variety of Mobility
concepts and elements

including sensitivity or

susceptibility to harm

and lack of capacity to Economic

cope and adapt (ipcc 20143, _
p. 39) Economic sectors

Critical
infrastructure

Social Environmental

Ecosystem services
Biodiversity

Institutional

Land use planning
Effectiveness
Failure

Sources for the definitions are to be found in Hagenlocher
et al (2018): Climate Risk Assessment for Ecosystem-based
Adaptation: A guidebook for planners and practitioners.

Deutsche Gesellschaft fur Internationale Zusammenarbeit
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Risk reduction - be careful with the “obvious”

Hurricane Matthew Event-Total Rainfall Projection
WPC Tropical Desk Perspective

Generated Oct. 02 2016 15:30UTC
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Source: MDIS ige captured by NASA’s Terra satellite - Rapid Response — LANCE Source: https://www.theweathernetwork.com/us/news/articles/us-weather/hurricane-
https://en.wikipedia.org/wiki/Effects_of Hurricane_Matthew_in_Haiti#/media/File:Matthew_2 matthew-current-hazards-and-us-impact-florida-georgia-south-north-carolina-haiti-
016-10-04_1535Z.jpg jamaica-cuba-dominican-republic-bahamas/72896/
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https://lance.modaps.eosdis.nasa.gov/cgi-bin/imagery/single.cgi?image=Matthew.A2016278.1535.2km.jpg

Risk reduction - be careful with the “obvious”

o 3§23 ’ - : Socio-economic indicators
Socio-economic indicators
Total population (in thousands)

Total population (in thousands) Annual population growth (%)

Population aged 14 years and younger (in
thousands)

Rural population (% of total population)

Annual population growth (%)
Population 15-24 years (in thousands)

Rural population (% of total population)

Total fertility rate (births per woman)
Total fertility rate (births per woman)

Infant mortality rate (per 1,000 live births)
Infant mortality rate (per 1,000 live births) : :

Life expectancy at birth (years)

Life expectancy at birth (years) Prevalence of HIV (% of population aged 15-49

Prevalence of HIV (% of population aged 15-49
years)
Poverty headcount ratio at 2 PPPS a day (% of

years)
Poverty headcount ratio at 2 PPPS a day (% of
population)

population)

GDP per capita - PPP$
GDP per capita - PPP$

Annual GDP growth (%)
Annual GDP growth (%)

Total debt service (% of GNI)

Total debt service (% of GNI)
GDP in billions - PPP$

Source: UNESCO, 2016
(http://mmw.uis.unesco.org/DataCentre/Pages/countr
y-profile.aspx?code=DOM&regioncode=40520)

GDP in billions - PPP$

Source; UNESC@; 2016

(http:/wwan.uis unesco.org/DataCentre/Pages/countr

y—profiIe.asg:?(i“de:HTl&r gionco 6-24‘9520) z - = ' , G
3 5 : : ‘ e *

Approx 550 casualties in Haiti vs. In Dominican Relic
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Examples of NbS to reduce risks



Protecting ourselves from natural hazards

S i D -

Sea-dyke, Mekong Delta, Vietnam B

T LA
Mangrove and sea-dyke, Mekong

Photo: Fabrice Renaud/University of Glasgow (2020) Delta, Vietnam
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Beach of Roses Spain Slope road restoration in Castellar ‘f
| | del Va“és OPERANDUM
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Urban vegetation

= T - If
3 I
‘
A = W~ e i

Photo by Fabrice Renaud (2014)

Photo by Nazarizal Mohammad on Unsplash
[re-use authorised]
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https://unsplash.com/@nazahery?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/green-building-singapore?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Transformation of urban parks K

Bishan-Ang Mo Kio Park (2008 & 2011)

Source: By Pagodashophouse. - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=19065126
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Capturing the role of NbS to reduce risks

Understanding the system through impact chains



Linking the concepts

Source: IPCC (2014) in Hagenlocher et al

(2018): Climate Risk Assessment for Ecosystem-
based Adaptation: A guidebook for planners and
practitioners. Deutsche Gesellschaft fiir
Internationale Zusammenarbeit (GIZ) GmbH,
Bonn

CLIMATE

Natural
variability

Anthropo-
genic climate
change
F S

Impacts

SOCIOECONOMIC
PROCESS

Socio-

economic
RISK pathways

Emergent Adaptation
and mitiga-

= tion actions

Governance
Exposure

EMISSIONS
and land-use change
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Example of chains in the risk assessment context

Hazard
Risk
component [Climate signal ] [Climate signal ]
Exposure [ Impact ] Vulnerability
of SES of SES
Sensitivity
Intermediate .
impacts Sensitivity
e | (
Exposure ] mpac |&— Capacity
Exposure ] Impact ¢ L Capacity *
Hagenlocher et al (2018): Climate Risk
Assessment for Ecosystem-based
Adaptation: A guidebook for planners and
practitioners. Deutsche Gesellschaft fiir )
Internationale Zusammenarbeit (GIZ) RISk(S) Factor

GmbH, Bonn
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Example of an impact chain

Hazard Wetland Vulnerability
degradation
Too much precipitation 1
i Wetseason
2 | Reduced l¢t Unsuitable use Lack of water and wetland
IntlermEdtlate : hatural ‘ﬁ_ of flood plains management capacity
Mpacts 7 retention | :
Too much precipitation Too high Increased flow capacity
in dry season water level velocity . . Agricultural land
| too close to river
. 2 v H H - Strong dependency
Erosion ¢ syst.em Missing buffer | onagricultural income
+ services strips
v : ;
Sediment | 3NS5 3
deposition . Red“,“d :
< :  erosion
:  protec-
Siltation of - tion v Deforestation Lack ot protecied
river bed : forest areas
3 ¥ vsesevisieaes : 2Y 4
Degradation
of aquatic
Exposure ecosystem River ecosystem | Builtinfrastructure
Ui disconnected blocking river flow
People living in flood :
prone areas Flooding
L Lack of financial
N resources of people
Sources for the definitions are to be —
. Property and buildings in Absence of flood Lack of urban
foundin Hagenlocher et al flood prone areas resistant housing planning

1

(2018): Climate Risk Assessment for

Ecosystem-based Adaptation: A
guidebook for planners and practitioners Critical infrastructure in . Ecosystem-based adaptation options . Conventional adaptation option

flood prone areas Risk Risk ofda‘rnage ofproperty and o : i [ e
Deutsche Gesellschaft fur Internationale toss ot lives dus fotooding Exposure (e et bl 0
Zusammenarbeit (GIZ) GmbH, Bonn

EU funded project

GA no. 776848




Used in research . Y

Cowdlic

wolve

Gopuluhon
2 Floodhvy

Diagrams and postits used to

develop impact chains
Source: Fabrice Renaud/UNU-EHS/University of Glasgow
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Capturing the role of NbS to reduce risks

Indicator-based risk assessment



The role of ecosystems is under-represented in risk

assessments
* Hagenlocher et al.
(2019)

* 9/62 Environmental
dimension

e 8/62 Farming practice
dimension

a

100% -
90%
80% -
70%
60%

50%
40% [0 Social susceptibility

® Coping/adaptive capacity

30% — W Ecosystem robustness

20% - s Ecosystem susceptibility

| * Shah et al. (2020)

0%

T
% of indicators per % of indicators per

category in SES-type category in all papers i 39% Of rEViewed
papers (n=8) (n=55) . .
indicators focus on
ecological systems

Source: Sebesvari, Renaud et al. (2016). A review of vulnerability H;gsnloclher et al: (2019): E.nvirlon. Res.ILett..14:0830.0If ducti
indicators for deltaic social-ecological systems. DOI 10.1007/s11625- Shah et al. (2020): International Journal of Disaster Risk Reduction
016-0366-4 50:101728
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Conceptual framework for vulnerability and risk assessment

of SES in the context of NbS

BS Prine;
s "C[p/
i Z o

P

Nature-based
Solutions
(NBS)

Reduce vulnerability of SES

Reduce magnitude and Reduce exposure of SES (e.8. protected area
extent of hazards (e.g. Buffer zone with aff(fefla!ion adii 2t
5 5 ), ptive
(e&. floodplain restoration) marshes) agriculture, adaptation policies)

—_— foocoommos =SB !

g | I’ 4 v . ‘ - :

S ! Multiple hydro- Exposure ! Vulnerability of SES : g |

g | meteorological of SES < : E £ "

g i hazards : | E[S|

g3 ! Ecosystem ! Ecosy Ecosy V|8 1

E g | exposure ! susceptibility robustness | g g1

: § : (factors: N |3 2

< 31 | | 17 |

B e xi  + 10| |
S S ||| duration, extent, : i s |
Source: Shah, Renaud et al. § 5 1| probablityof . e Copig and I W |
. = O ada 1 i

(2020). A review of hydro- 4 & Reclirrance) b | susceptivilty capacity | 8

meteorological hazard, g : : :
vulnerability, and risk assessment s : : E 18
. . . £ e e e et et e e st e i e e St 1 s
frameworks and indicators in the I Risks within NBS Project site " -

; &

context of nature-based solutions. : Provinces/ Municipalities % % ! §
IUDRR, 50:101728. [CC BY 4.0]. « i—— % % | §
: Social system L S %
___________________________________ 8
Interaction with regional and global scales Influence of socioeconomic ©
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Example in the OAL-Italy Panaro using an indicator-based

approach

Hazard score without NBS implementation in OAL Italy SES exposure without NBS implementation in OAL Italy Risk score without NBS implementation in OAL Italy

%4W/\f ) R " A\Q A ««%f\ ;}s_wﬁ\xi ! - A

N L /\k* f[\,__ . . < . — J L

1./

E)
(7~ 5 (
3

-

c

[ Medium Low (0.002 - 0.032)
I Medium (0.032 - 0.168)

[ ] study area

[ Medium Low (0.008 - 0.154)
SES risk score

I Medium Low (0.375 - 0.604) [ study area

[ study area

Hazard score B Medium (0.604 - 0.677) SES exposure I Medium (0.154 - 0.718)
NA B Medium High (0.677 - 0.895) No expasure I Medium High (0.718 - 0.786) N/A I Medium High (0.168 - 0.340)
Low (0.001 - 0.375) I righ (0695 - 1) Low (0.001 - 0.008) I ich (0.786 - 0.985) Law (0.001 - 0.002) I Hign (0.340 - 0.354)
] 5 10 1] 5 10 o 5 10
e Kilomgters e Kilometers I e KilOMiGtETS
Hazard score with NBS implementation in OAL Italy SES exposure with NBS implementation in QAL Italy Risk score with NBS implementation in OAL ITtaly
\ N ) N
NNV B\ N DA
(P:w 3 j__ /\m ) rf\,_ ) c}r\u'v' l\ 3 )/\m . J/t\l_, ) A A
- \é - NRS AN p} &f { £ RN
A Ty ~ NS Y S~
( ) ~

SES hazard, exposure, and risk

.
scores for a 200-year flood event in SN
OAL Italy for with and without NBS
. [ Study area W00 Medium Low (0.375 - 0,604) [ study area I Medium Low (0.008 - 0.154) [ Study area [ Medium Low (0.002 - 0.032)
scenarios Hazard score I Medium (0.604 - 0.677) SES exposure B Medium (0.154 - 0.718) SES risk score I vedium (0.032 - 0.168)
A Il Medium High (0.677 - 0,895) Mo eposae I tesium High (0.718 - 0.786) N/A I edium High (0.168 - 0.340)
Low (0,001 - 0.375) I High (0.695 - 1) Low (0.001 - 0.008) I High (0.786 - 0.985) Low (0.001 - 0.002) I High (0.340 - 0.354)
] 5 10 o 5 10
e e Kilomglers

o 5 10

e el Kilometers el Kilometers
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Data collection for different indicators

Primary data Secondary data
Collected by the researcher through surveys, interviews, Existing information in databases, publications, books,
etc. government websites, etc.
Examples: Examples:
*  Number of income-generating activities per * Land use
household + Land exposed to hazards (e.g., flooding, landslide)
* Insurance coverage - Buildings
«  Dependency on road communication - Agricultural crop production
» Participation in decision making - Road and rail network
* Knowledge on climate / risks - NDVI (Normalized Difference Vegetation Index)

» Policies related to conservation, adaptations, etc.

EU funded project
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Calculation process for V&R assessment (1/2)

Data collection for
V&R indicators

Normalization of
indicator

values (Xi')

e Secondary sources
e Primary surveys

¢ Min-max linear
normalization

Combine normalized
indicators for each
vulnerability domain
(VD)

Ecosystem susceptibility

Social susceptibility

Lack of ecosystem robustness
Lack of coping/adaptive capacities

VD

n

i=1

(w; * x;)
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Calculation process for V&R assessment (2/2)

n
Calculate susceptibility VD — Z w: * VD:
metric (VD) SUs j=1( J j)

Calculate lack of capacities n
and robustness metric VDcar = __1(Wj « VD;)
(VDcag) J=

Combined index score
representing vulnerability VUsgs =
of the SES (VUg)

Calculate Hazards (H) and
Exposure (Egg)) of SES
Calculate Risk of Risk = H*E *\/U
SES ISK = SES SES

EU funded project

VDsys + VDCAR)
2

GA no. 776848



Risks at different stages of NbS implementation

l - VR-NBS

—

Indicators

Y
4 @
[ R
__________________________________________ l,_ﬁf'_.m«f_,m_;_ =52 MaxDRR
capacity of NbS
1. 2. 3.
NBS Phases
— Q] Restored system % e { Mature system = == ==
1.Design and planning S1. Lack of sustained monitoring and maintenance
2.Implementation S2. Sustained monitoring and maintenance
3.Monitoring, maintenance, and evaluation ——— NbS affected by seasonal variation

Adapted from Shah, Renaud et al. (2020). A review of hydro-meteorological hazard, vulnerability, and risk assessment frameworks
and indicators in the context of nature-based solutions. IJDRR, 50, 101728. [CC BY 4.0]
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Challenges for V&R assessment

* Finding suitable indicators for V&R assessment in the contexts of NBS

- Data availability for indicators (in various spatial and temporal scales)

*  Primary data collection could be challenging in COVID pandemic situation, but it is vital for some
indicators in case of risk assessment in very small area. Online/ remote surveys via email, phone or post
could be applied.

* Since implementation and functioning of NBS may take long time, long-term monitoring of V&R
indicators would be required to compare the impact of NBS on risk reduction. Proving cost and
logistics could be challenging.
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Thank you!
.~ FabriceRenaud@glasgow.acuk

Find us on:

®
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https://twitter.com/OPERANDUM_EU
https://www.operandum-project.eu/
https://www.facebook.com/OPERANDUMproject
https://www.youtube.com/channel/UC9i5QJdFcBLCmUQyfoZMNpg
https://www.linkedin.com/company/operandum-project/

