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11 Research Background: Why is
~ resilience so important?

< Natural Disaster Losses - all over the world
still increasing.

«» Mission of International Strategy for
Disaster Reduction is to build “disaster-
resilient communities” (UN ISDR).

« Broader concepts of Resilience: developed
originally in ecosystem context, and later
extended to other related complex systems
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"“'5‘“"“""'* Great Natural Catastrophe Loss Trends
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Hlumber of events (Munich Re, 2007)

The chart shows the number of great natural catastrophes for each year,
divided according to type of event.
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?1.2 Resilience Theory: Development
of this concept

« Origin from mechanical resilience to
ecological resilience

« Development from ecological resilience to
soclo-economic resilience

< Relfication from social-economic resilience
to disaster resilience
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+» Resilience theory has co-evolved with the development

P et

(1)Or|g|n From mechanical resilience to

ecological resilience

Resilience of a material: the quality of being able to
store strain energy and deflect elastically under a load
without breaking or being deformed.

Original ecological concepts: focus on stable states
and transitions between them; a resilient ecosystem
can withstand shocks and rebuild itself when
necessary.

> Ecological Resilience: ability of a system to maintain
Its structure and patterns of behavior in the face of
disturbance (Holling 1973)

> Engineering Resilience: time for system to return to
original state after disturbance (Pimm 1984)

of the theory of Complex Adaptive Systems (CAS)

L "—--_iu"' S (T (it g meth ¢ Rt et e

=
=



)
-+-—~-—=~ Adaptive Cycle

s Graphic Metaphor for Dynamism of Resilience

Slow, cumulative forward loop:
1. Growth or exploitation (r)
2. Conservation (K)

—_—

< Resources increasingly %
locked up I
%  System less flexible and E
responsive to external ~ *
shocks 1
Unpredictable back loop:
1. Collapse or release (Q2) ——— connectedness

2. Reorganization (o)

% Innovation and new
opportunities possible

Leads to new (r) phase that
may resemble or differ from
previous
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g (2)Development From ecological
resilience to socio-economic resilience

+ Timmerman(1981): one of the first to discuss the
resilience of society to climate change, links
resilience to vulnerability.

+ Dovers and Handmer: distinguish between the
reactive and proactive resilience of society

+ Resilience Alliance: "Resilience" as applied to
Integrated systems of people and the natural
environment:

» Capacity to absorb disturbance and stay in same
“basin of attraction” (stability)

» Potential for self organization
» Capability for learning and adaptation
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(2)Development From ecological
resilience to socio-economic resilience

Qe m Ty s

+“human dimension” :how the reflects properties of

complex adaptive systems, and possibly social influence )
resilience factors 1},1
+Enhancing social resilience by: 3
»enhancing the resilience of life-supporting E
ecosystems 3
»spreading risk by diversifying resource use and 3
encouraging alternative livelinood activities and {
lifestyles F
»building robust institutions and governance systems 1
that underpin our capacity to prepare for and cope ‘
with uncertainty and change {
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(3)Reification From social-economic

resilience to disaster resilience

+ EMA (Emergency Management Australia, 2001 : a set
of guidelines on resilience and vulnerability for
application in community risk assessment.

+ UN/ISDR(2004): “ The capacity of a system, community
or society potentially exposed to hazards to adapt, by 3
resisting or changing in order to reach and malntaln an |
acceptable level of functioning and structure.” )
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« Manyena (2006): the existing definitions refinement of
disaster resilience: from more outcome-oriented to
more process-oriented.

+ MCEER (Multidisciplinary Center for Earthquake
Engineering Research): conceptual and measurement
of improvements in earthquake resilience of
communities, measuring economic resilience, etc.
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“Disaster resilience”

RESEARCH PRACTICE

- “Resilient communities may bend < Project Impact, with goal
before the extreme stresses of of disaster-resilient cities
natural hazards, but they do not (FEMA)

break” (Godschalk 2003)

» Resilience as way of coping with
uncertainty

Interest in how post-
disaster response
practices affect long-

» “...the ability to survive disasters term resilience (Red
without significant loss, Cross)
disruption, and stress” and ability
to cope with the consequences, « Mission of International
learn, and change (NRC 2006) Strategy for Disaster

» Conceptual and measurement of Reduction is to build
improvements in earthquake “disaster-resilient
resilience of communities communities” (UN ISDR)

(MCEER 2003)
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? Characteristics of Resilient Communities

%~ Functionally diverse « Strong social

+ Redundant networks )
<« Autonomous « Inclusive institutional |
+ Efficient structures f
+ Strong + Well-developed rf?
+ Interdependent Insurance markets “
«» Adaptable oL |
«» Collaborative
(Foster 1997, Peacock and Ragsdale 1997, Tobin 1999, Godschalk T'
2003, Pelling 2003, Berke and Campanella 2006, and others) 3
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MCEER Work

«» Earthguake Resilience: the ability of social
units to mitigate hazards, contain the effects of
disasters when they occur, and carry out
recovery activities in ways that minimize social
disruption and mitigate the effects of future
earthquakes.

«» A resilient system should demonstrate three
characteristics:

» rea
> rea

> rea

uced failure probabilities
uced consequences from failures
uced time to recovery.



MCEER Work

Quality
Of 10
Infrastructure
(percent)
5
0
(, t, time
R = [100-Q(t)]dt
Lo

Earthquake resilience measurement framework
(Bruneau et al., 2003)



} S MCEER Work

< Four Interrelated dimensions of Resilience:

» Technical —physical systems perform when subjected to
earthquake forces

» Organizational — the ability to respond to emergencies and carry |
out critical functions |

» Social — the capacity to reduce the negative societal /
consequences of loss of critical services *

» Economic — the capacity to reduce both direct and indirect ﬁ)
economic losses :

« Four properties of resilience:
» Robustness — strength to withstand a given level of stress {
without loss of function *;ﬁ

» Rapidity — the capacity to meet priorities and achieve goalsina |
timely manner %

» Redundancy — the extent to which elements, systemsthat are i
substitutatible

» Resourcefulness — the capacity to identify problems, establish
priorities, and mobilize resources
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Disaster Recovery and Resilience
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1.2 Conclusion

Resilience appeared to be a useful concept that was
broadly accepted in both academic, government
management and rancher circles.

The specifics of any specific system in question (e.g.
resilience of what factor to what disturbance), but it’s
beneficial for practice development to do some
appropriate operational work of resilience in ecological
and social context.

Disaster Resilience Is seen as a comprehensive concept :
related to many system functions before, during and after /
disasters, but still at a conceptual research stage with %
any normative concept.

Quantitative measurement helps in understanding how
various factors contribute to resilience and why some
communities are more resilient than others.

D o X e A . w o T e = W A e S DO e T Sy i



N

=2 S --—-.?'iir

2 Understandlng and Context

» Metaphor of a balloon: external shock - shape itself
and absorb the external shock->remove of the external
point = resume Iits original shape or a new shape

» Related disaster system elements:

» Risk —— the degree and probabillity to be confronted
with the disaster events,

> Vulnerability —— the possibility and sensitivity to be
iInfluenced by the hazards’ shock.

> Resilience ——broad sense includes the system
resistance to hazard (static part) and the post-disaster
recoverability (dynamic part); narrow sense only
Includes the latter part of adjustment, adaptation,
recovery and reconstruction ability after disaster.
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Mitigation;
Resistance

| |

Hazards — Human

Hazard Magnitude

(Natural) Vulnerability™  (Before Disaster)
Py,
D
2. Transfer <
@ Mechanism o
B
Human ¢ 0SS ! Disaster
(After Disaster)
Adjustment; Adaptation; Life; Economy; Society;
Recovery; Reconstruction Resources; Environments.

Relationship between disaster system elements



Dongting Lake region
In Hunan Province, China =
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Research context

+ Regional flood resilience: the disaster
resilience of the influenced people in the
Dongting Lake Region to floods.

« Disaster resilience: the loss minimizing
capacity and recovery speed to the desirable
soclo-economic stable state with the normal
functioning and development.

+ Research goal: find out the driving factors of
regional flood resilience, and then do some
assessment work supporting decision-making.
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" 3 Conceptual Modeling

Five-dimension of flood resilience:

R/
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soclal dimension: human consciousness and activity, such as the
dlse_lster and Insurance consciousness, In-disaster action ability, i
social supporting level.

economic dimension: the system economic resilience, mainly f"*]
depends on the regional economic level and industry structure N
diversity, etc. fi
organizational dimension: the disaster governance level, including )
the government disaster management, organization and decision L
making ability. )|

|
technical dimension: disaster mitigation infrastructures’ capacity,
Including dikes and dams, hospitals, pumping and irrigation i
machinery, communication and transportation efficiency, etc. 3

natural dimension: land and agricultural system recoverability, L
influenced by agriculture cultivation system, crop types, land use ]
structure and intensity, etc. .
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Group Model Building

with Adaptive Management
System Dynamics Models Learning Cycle
/\ Policy
o Real Formulation

DeCISIQnS\ World as Test of

Information / Rl .

Feedback Y |

< > Assessment Policy =

Implementation

Conceptual )
Models
'//4 \\' Monitoring

Strategy, Policy, Mental Models ’

Decision Rules of Real World
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technical dimension

Flood detec Mass

tion system\{“ " Evacuatron Transport  +
Flood Time (Buses, Trams)
Situation 4

/ﬂ_ Knowledge Transportation

NG 17 + Flood deaths  jmprovement Program
o Improve +
Communications Education - /A
(Radio, Television, '4_ S— %_,_
Internet, telephone) echnica Temporar
Education Dimenstion dries Y Road length
Programs Resrlrence y +

+ Awareness Emergency

/
Community

Activists

Response Hospital Care

Schools \"‘ + Disaster
\t Reactron Time  Basic Constructron
FIOOd L and \ Investment
R

Government oad Qualrty

Programs Flood

damage
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~*“J Comprehensive assessment index system of
flood disaster resilience

ill|

Social- Economic- Organizational | Technical -dimension factors | Natural-
dimension dimension -dimension dimension
factors factors factors factors

< Total < GDP < Persg km <> Per sg km total length of < Cultivated aré‘f&
population < Per capita government dikes per sq km proportion off,

< Urban GDP revenue < Per 10 thousand capita total land )
population <> Percapita | <~ Ratio of health care institution < Ratio of padcﬁ_/
proportion annual net revenue and | <~ Per 10 thousand capita fields and dry-r]
% income of expenditure hospital beds fields |

<> Employed rural S <> Per 10 thousand capita < Total sown 4
persons’ residents | < Persqkm personnel in health care area
proportion < Primary total institution < Food |
(%) industry investment | <~ Machinery for agriculture production ¥

proportion in fixed drainage and irrigation < Aguatic 2
of GDP assets <> Power of agricultural production /|
% < Per capita mechinery < Irrigated area;'_.g
< Secondary total retail < Capacity of reservoirs proportion of
industry sales of < Capacity of power cultivated area
proportion consumer generating sets of the % ‘E-j
of GDP goods small hydropower station L
% in rural area - . .. &
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§ 4 Case Study and Assessment

Data:
» 1990-2005 socio-economic data from regional year book

» 1998 big flood loss data in Dongting Lake Region from
the government department of civil affair

Research Framework:

1.Select two counties for case study, with similar socio-
economic condition but quite different flood loss in 1998

2.Make semi-quantitative analysis to find out the important
iIndicators influencing post-disaster recovery

3.Design a simple resilience index to do further resilience
assessment and comparison
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4.1 Case Study
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A B C
Pez[e)) =3 TZH
1990 1144| 936
1991 1203| 968
1992 1422 1165
1993 1757 1553
1994 3024| 2416
1995 4086| 2981
1996 5072| 3643
1997 5745|4117
1998 6412 | 4530 |
1999 6811| 4762]
2000 6941| 4721
2001 7726 5215
2002 8619| 5703
2003 9870| 6795
2004 11906| 8352
2005 14659 11687
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Direct Loss in 1998

Flood-affected area

1 56817.49 10.75
2 70949.25 20.72
3 98000.00 39.78
4 186410.00 63.20
5 176600.00 70.80
6 142100.00 77.00
7 64300.00 50.20
8 111500.00 61.00
9 55700.00 45.50
10 45980.00 40.11

38656.00
13 316100.00 125.80
14 34300.00 37.00
15 71250.00 71.07
16 86400.00 118.33
17 34856.00 18.00
18 185452.80 50.20
19 167057.00 24.00
20 151873.00 33.80
21 105170:00 904




Counties for Comparison
Year Hanshou County Nanxian County
1998 GDP
(10,000RMB) 271357 215383
1998
Flood Loss 38656 167057 _ s
(10,000RMB) Location})
1998
L 0ss/GDP 14.25% 77.56%
| oss in 1998 . .No.2: Nan xian
No.1: o
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Important Indicators

26 Indicators’ development gap comparison:

+GDP

«+Food production

«Aquatic production

<« Total investment in fixed assets

<« Public sanitary source (Per 10 thousand
capita hospital beds)



4.2 Resilience Index

1.Introduce the above 5 most important indicators as
assessment factors

2.Use Delphi method to deliver weight of the
Indicators

Resilience index = 0.4 GDP+ 0.2 FP +0.2 IFA +0.1 AP +0.1 PSS

3.Design resilience index equation for final
calculation, with indicator standardization

Rj=S DijWwi/(max$ DijWi+min S DijWi)
» indicator i, county j, Wi, the weight of i indicator;

» DiJ, the I indicator value of ] county;

» max> DijWi & min> DijWi , maximum and minimum value of
the indicator weighted sum.

4. Case study assessment results:
R hanshou =2.38 < R nanxian =2. 62
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4.3 Regional Resilience Assessment
of Dongtlng Lake Region

Average value from 1999-2005

resilience index

B 33 (3)
B 2to3 (1)
102 (7)

Inner-part counties are more resilient than outer-part counties
"“WM
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) 4.4 Policy Suggestion

« Improve disaster recoverability construction,
especially in the lower-level outer areas of the
lake region,;

« Pay more attention to disaster reduction and
mitigation with rapid economic development;

< Combine the structural and non-structural
measures to reduce disaster risk;

« Facilitate flood insurance in high-risk region to
guarantee people’s livelihood.
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Thanks for
your attention!
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