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Extreme events and societal transformation
processes: new challenges for risk
management and strategic planning
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The Global Perspective

Key Drivers of Global Change
and Determinants of Risk
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Climate Change leads to changes in
extreme events

Extreme Events Workshop - Berlin
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What are extreme events?

What Is an Extreme?

§ (a) Temperature
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Climate models show a higher frequency
of hot days in the 215t century
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Reasons for Concern (RFCs)

Increased
risk for

most biodiversity -5

regions

Risks to
many,
limited

jon
capacity

Global mean temperature change
(°C relative to 1986-2005)

(°C relative to 1850-1900, as an

approximation of preindustrial levels)

L 2003-2012

Recent
(1986-2005)

Low risk

(RFC1) Risks  (RFC2) Risks ~ (RFC3) Risks (RFC4) Risks  (RFCS5) Risks
to unique associated associated associated associated
and with extreme with the with global with
threatened weather distribution aggregate large-scale
systems events of impacts impacts singular

events Source: IPCC 2014
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Insights into the Reasons for Concern

Level of additional risk due to climate change

; White to Red to
White el Yellow i Purple
Undetectable l Moderate High Very high

at least medium confidence that
impacts are both detectable and
attributable to climate change; also
considering magnitude

v
increasing magnitude or
likelihood of impacts

\ 4
“high” on all Key-Risk criteria,

including limited ability to
adapt

v

risk of severe and widespread

impacts;

Source: O'Neil et al. 2015 (draft)

‘high” on one or more

Key-Risk criteria
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Determinants of Risk

Intensity and frequency of
hazards

vulnerability

exposure

Source: IPCC 2012
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The new framework

IMPACTS

SOCIOECONOMIC
Sl Vulnerability PROCESSES
Natural Socioeconomic
Variability Pathways

- 4
N

Adaptation and

Mitigation
Anthropogenic Actions
Climate Change - =
Governance
EMISSIONS
and Land-use Change
Source: IPCC 2014 mcc
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WorldRiskIindex
— Linking natural and societal data

1. Exposure

EXPOSED POPULATION
WITH REGARD TO

A}
B)
8
D)

11

Cyclones
Floods
Droughts
Sea level rise

2. Susceptibility

NUTRITION
A) Percentage of undernourished
population

PUBLIC INFRASTRUCTURE

B} Population without access to
improved sanitation

€} Population without access ta clean
water

HOUSING CONDITIONS

Propartion of population in slums;
proportion of semi-solid and fragile
hauses

= limited data availability

POVERTY AND DEPENDENCIES

D} Dependency ratio (proportion of
under 15 - and above 65-year-olds
in relation to the working
population}

E) Extreme poverty (population living
on less than 1.25 USD (live PPPs} per
day}

Economic CAPACITY AND INCOME

F} Gross Domestic Product per capita
(Purchasing Power Parity)

G) Gini-Index

Source: Birkmann and Welle 2015
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3. Coping Capacity

B)

DiSASTER PREPAREDNESS AND

GOVERNMENT AND AUTHORITIES
A} Carruption Perception Index

Failed States Index

EarLy WARNING
MNational disaster risk

management palicy according

to the report of UN / ISDR

MEDICAL SERVICES

Q

D} The number of hospital beds

Number of physicians per
10,000 population

per 10,000 population

SociaL NETWORKS:

NEIGHBORHOOD, FAMILY AND

SELF-HELP
- No data available

Economic COVERAGE

E}

Insurance (except life
insurance)

4. Adaptive Capacity

EDUCATION AND RESEARCH

A}
B)

Adult literacy rate

Combhined gross school enrolment (rate of
school-aged children in primary, secondary
and tertiary educational institutions}

GENDER EQUITY

8]

D)

Gender parity in education (in primary,
secondary and tertiary educational
institutions)

Percentage of female representatives in
the Mational Parliament

ENVIRONMENTAL STATUS / ECOSYSTEM
PROTECTION

E}
F)
G}
H)

Water resources

Protection of biodiversity and habitats
Forest management

Agricultural Management

ADAPTATION STRATEGIES

Volume of National Adaptation
Programmes of Action to Climate
Change, Climate Change Conventicn
(availahle for 45 of the least developed
countries)

INVESTMENTS

h
)
K)

Life expectancy at birth
Private health expenditure
Public health expenditure



A+B+(05+xC+ D)
population number

Exposure (E)annually per country —

Susceptibility (S) = (2/7 «(05%x(A+B)) + (1/7 «C) + (2/7 «(0.5%(D+E))+ (2/7 «(0.5%(F+G))

Coping Capacity (CC) = (0.45* (0.5« (A+ B))) + (0.45% (0.5« (C + D))) + (0.1 xE)

Lack of Coping Capacity (LoCC) =1—CC

Adaptive Capacity (AC)
= (0.25 * (0.5 * (A + B))) + (0.25 * (0.5 * (C + D))) + (0.25 +(025%(E+F +G + H))) +(0.25

(¥ + 14140
Lack of Adaptive Capacity (LoAC) =1 — AC

WorldRiskindex = E x (1/3 (S + LoCC + LoAC)

Source: Birkmann and Welle 2015
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Exposure of People

Exposure
Exposure of the population to climate related natural hazards (storms, floods, droughts and sea level rise)

=~

Legend

Max. exposure = 100
classfication according to the quantile method

Bl 028-858 verylow

I 859-1054 Jow

| 110,55-11,76 medium

B 11.77-14.89 high

I 14.90 - 41,10 very high

- no data available

Source: Birkmann and Welle 2015
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Vulnerability

Vulnerability

Vulnerability of society as the sum of susceptibility, lack of coping capacities and lack of adaptive capacities

Legend
Max. Vulnerability = 100
classfication according to the quantie method

. I 2687 - 36,81 very low
P 26,82- 46,50 low
| 46,51-53,35 medium ; 3
I 53.36 - 63,43 high

B 6344 - 75.35 very high
B no data available Source: Birkmann and Welle 2015
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Risk

WorldRiskindex (climate related hazards)
WorldRiskindex as a result of exposure and vulnerability

e

Legend
Max. Risk = 100

classification according to the quantie method
B 0.10-348 very low
P 349-470 Jow ,
. | 471-847 medium )
P 6.48-851 high

B 852 21,39 very high _
B ro cata available Source: Birkmann and Welle 2015
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Urbanization and Vulnerability

Where rapid growth faces high vulnerability

6.0
Ugandae (lasses of urtban 0 Level of Growth rate
vulnerability urbanization 2000-2015
' ' @ very low 75.80 0.71
® Burundi Yemen e .Mall low 6919 092
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Global Perspective

= Rapid urbanization is particularly evident in countries that
are highly vulnerable. Planning tools have to be adapted to
these new challenges.

= Reasons for Concern (RFCs) have to be interpreted
carefully, since also exposure and vulnerability are
changing. The WorldRiskindex shows that exposure and
vulnerability to climate related hazards differ significantly in
Its spatial dimension.

= For future planning and management approaches, it is
essential to better understand the temporal dimension of
likely changes.

Extreme Events Workshop - Berlin
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1
The Regional and
Local Perspective

Extreme Events Workshop - Berlin
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Exposure Scenarios until 2035

Estimated future physical exposure for three scenarios

00 ¥
o |
El eece
s
«0e
200
/ :,"2‘; 5 — h = i ¥
§ North and = I S, i
Central Amerlca p1 oyt TN
)\. o SRt o =
\- 1 _‘ZSA‘I, ./,
~ ! Z .7 -‘;.‘- £ _ 3
£ ") " E
= i "l\
LN a4 L &
. — . Africa
% : ‘&"“.— (‘.
Estimated future average South America | 050

"Physical Exposure”(to Floods,

Cyclone, Droughts per Year
and Sea Level Rise of 1 m in

100 years) in millions of people

assuming constant hazard
pattern for three different

scenarios
Base case Scenario

— Security First Scenario

] 1508

Sustainability First Scenario| | s s e owm e s

Asia

5 r;“,

\‘$L f\i*_“_{‘,‘\‘

-»,_____‘,,_. — N e
P ey R s
pota A

L
.~ _‘Australia "
% and Oceania ° Y

Source:

Birkmann, J.; Cutter, S.; Rothman, D.; Welle, T.; Garschagen, M.; van Ruijven, B.; O’Neill, B.; Preston, B.;
Kienberger , S.; Cardona, O.; Siagian, T.; Hidayati, D.; Setiadi, N.; Binder, C.; Hughes, B.; Pulwarty, R. (2015)
Scenarios for vulnerability: opportunities and constraints in the context of climate change and disaster risk.

IN: Climatic Change (online first)
20




Region of Stuttgart

Schwerpunkte

© Industrie und Logistik
Industrie, Gewerbe
und Dienstieistungen
@ Wohnungsbau

w—  Entwicklungsachsen

Siedlungsbereiche
Entwicklungsachsen
—— Landkreisgrenze
OGppinge )
.\.v(.
@ O

Source: Regional Planning Authority Stuttgart 2014
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Revealed Exposure
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Flood Prone Area
(Uberschwemmungsgefahrdetes Gebiet)

i
E

Flood Prone Area
(Uberschwemmungsgefahrdetes Gebiet)

recoverable
Flooding
Area

|(Uberschwemmungsbereich)

Flooding Area (HQ 100)

|
|

Watermanagement

Flood Hazard Area (Hochwassergefahrdeter

Bereich)

|

recoverable |
Extreme-

Flood Flooding Area (HQ 100)

Existing

Potentially
Extreme-
Flooded Flood
Area

Regional Planning

Vorbehalt

Vorrang Vorrang

*

Vorbehalt

* yvorhandene Baugebiete im Uberschwemmungsbereich genieRen Bestandsschutz

Source: Regional Planning Authority Cologne 2010




Flood Hazard Map — HQ 100

Future development options? N
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Local Perspective |

= Environmental change and extreme events are important issues for
planning and risk management in Germany and the region of
Stuttgart. Various approaches, however, focus primarily on exposure.

= Various planning and risk management approaches as well as EU
guidelines are based on a deterministic view and a pre-defined
“when-if” relationship.

= Risk based approaches and the consideration of extreme events is
still a challenge for formal planning tools.

Extreme Events Workshop - Berlin
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Can Tho and Mekong Delta

Extreme Events Workshop - Berlin
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Climate Change Sea Level Rise

Mekong Delta

Source: Carew-Reid, 2008 -
Rapid Assessment of the
Extent and Impact of Sea
Level Rise in Viet Nam. ICEM

Legend:

B  SURlinundation

Elevation 2-5m asl

B
[ 3m
| | 4m
[ | 5m
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Vietnam: Mekong Delta — Can Tho’
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Changing hazards and changing extremes
- past and future adaptation needs -

Typhoon Linda; 100km/h on 2"d November 1997,
approx. 500-3000 fatalities and large economic losses.

Storms are very rare so far in the VN Mekong Delta

Extreme Events Workshop - Berlin
www.uni-stuttgart.de/ireus Prof. Dr.-Ing. habil. Jorn Birkmann; joern.birkmann®ireus.uni-stuttgart.de



Local Perspective Il

= Extreme events under the conditions of climate change is often not
sufficiently considered in planning tools. The increase in exposure and
vulnerability is not yet discussed.

= The top-down planning system is still dominated by a rather technocratic
approach.

= Past adaptation strategies have in part lead to risk accumulation.




1]
Conclusions
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Overall Conclusions

= Climate change and societal transformation require more
adaptive planning approaches.

= Various norms in planning and in individual decision making
processes are based on experiences in the past.

* New methods are needed that combine scenarios of climate
change and extreme events with scenarios of exposure and
vulnerability for specific planning tools. These scenarios and
tools need to focus on different spatial and temporal scales.
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Prof. Dr.-Ing. habil. J6rn Birkmann/Director IREUS

Extreme Events Workshop - Berlin

www.uni-stuttgart.de/ireus Prof. Dr.-Ing. habil. Jorn Birkmann; joern.birkmann@ireus.uni-stuttgart.de


mailto:Joern.birkmann@ireus.uni-Stuttgart.de
mailto:Joern.birkmann@ireus.uni-Stuttgart.de
mailto:Joern.birkmann@ireus.uni-Stuttgart.de

