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Ch|ang Ma| Tha|Iand 2005 floods

Source: David Lallemant



Chiang Mai, Thailand — Wat Chedi Luang damaged in the 1545

Source: David Lallemant



Banda Ache following the 2004 Indian Ocean Tsunami
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Downtown Port-au-Prince, Haiti, 2010
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Kathmandu, Nepal, 2015

Source: Niranjan Shrestha, AP Photo






Stanford Campus and the San Andreas Fault
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Shakespeare on “Un-Natural” Disasters



Shakespeare on “Un-Natural” Disasters

King Lear, Actl, Scene 2.
The Earl of Gloucester says:
"These late eclipses of the sun and moon portend no
good to us. Though the wisdom of nature can reason it
thus, and thus, yet nature finds itself scourged by the
sequent effects. Love cools, friendship falls off, brothers
divide. In cities, mutinies; in countries, discord; in
palaces, treason; and the bond cracked twixt

father.”




Shakespeare on “Un-Natural” Disasters

Then the earl leaves, and his son Edmund responds:

"This is the excellent foppery of the world, that when we
are sick in fortune, often the surfeit of our own

behaviour, we make guilty of our disasters the sun, the
moon and the stars, as if we were villains on necessity,
fools by heavenly compulsion, knaves, thieves and
treachers by spherical predominance; drunkards, liars
and adulterers by an enforced obedience of planetary
Influence; and all that we are evil in by a divine thrusting
on. An admirable evasion of whoremaster man, to lay his
goatish disposition on the charge of a star."
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Disrupted Balance
Soclety at (Increasing) Risk

So what do we do?
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Ecological Concept of Resilience

(1) Understanding an
Modeling Changing

Stable State Riskscapes

New Stable State



| kAZARD Moor:uwej' |ExPosore Movermic

Nover SPAMAL PUALYSIS TELLOLOGKS
FOR& MoPeLIvG SPATIALY DISTRIBULTED
HAZPRDL [ ColLpRoraTIDL W/ GoobLE

Aue UseST

/’ \ /
NoveL TecvvoLo gles For. CAPTURILG
EXPOSLEL ALD ITS CHALGES OVER.

DAVID 'S RESEARCH  ™¢ [oossce, woun sanx oroe]
RESILIELE PoLcy STOP\Y RO ARD \vuweuaelury.

lAND PLAMNIL G MOBELING

! STATUS

T Quo
- 1y RISk STATIST\CAL fROCeDURES
TFoEMeD Probuvawe evirence For a:i:;upe g W
J ::::Zu:, PHP Dévar ormine Toog Y SYARTL YTE T~ R /
TIME -VARYIVG
3 To PRoMoTE SusTANABLE il

AR Resisepst Canes [cem

GFpeR.

\Dlm;?;w l m" “ﬁ“fl % | Less peecrarion |

MODeLILG Recovery over TiMe

REMOTE saswG PeoepcATIOG vvceRTARTY
(6em , veea] i %D GEOSTATISTICAL IV VRBAL oOR REGIOLAL SCALE
Re ie AaLys s FoR_

DISASTER. LOSS
ESTIMATIOL

FumaAau

RAPID POST- DISASTER.
LOSS ESTWATIqL .

DAY
W 4
o

- N ur”,\s'ru ™

Bun.bm(, RESIL EICe
IV Recovery

[wortp sasrc |, GFORRY

¢ NJ-;\‘N'

-y,
Faha o'y



\-\—TAZPKD Mo DELING |

‘ BEPOSURE MoveLIn G

Nover SPATIAL PULALYSIS TEWOOLOGIES

MoPeLILG SPATIALY DISTRIBULTED
HAZARDS [ ColLaBoRATIDL W/ GoooLE
Ao useST

AN
DAVID 'S RESEARCH

RES(LIELE FoLcy

| AND  PLAMMILG lmm
4 Quo

ITORY BOARD

MeobeLne
RISk RSk
TRAJECTORIES, | TLFoEMED

Probvawe pvirence
PUP Déver oFingG Toag

TO PRomMoTE SUSTANARIE

PoLiCy «
2% T VITPTN

RISK

RECovery

MoDeL 6 K".CDV“] over_ TiMe
feeEm -, veeaT

s |

- Fiuar

ALD  GeosTATISICAL
RESILEUCE

ALALYS(S FoR.
D RAPID  POST- DISASTER.
LOSS EBSTWMATIQL.

FuMmAL
RQULIEVCE

DISASTER

i%_\-\/ BUILBDING RESIEce
IV Recoverny
[woetp sasr |, GFDRRY)

NOoveL TecMmmoro Gles For. CAPTURILG
EXPOSLEEL ALD ITS CHALGEYS OVER

TimMg [6906(,& , Worip WK/OFOE&]

VULNERPBALATY
MOBELING

STATIST\ (AL fROCEDURES
Fore MODELIL 6 & y
FRAGILITY

[§ STSNTL T

TIMé-VHqu)(, -/

FRAGILLTY
[cem
GFpRR-

|Lass peeciarion |

PRoPAGATIOL LLCEETARTY
IV VRBAL oRrR REGIOLAL SCALe

DisacsTeR. LoOSS
ESTIMATIOL




Understanding Changing Riskscapes

Guiding questions:
How are dynamic processes of urbanization changing
the risk profile of cities? Focusing on two dynamic

process: /\

Changing Exposure Changing Vulnerabil

Earthquake risk as case study (changing riskscapes not
driven by changing hazard)

What tools can be developed to support resilient and
sustainable cities?



Understanding Changing Exposure

Pressure on land markets creates
Increasing incentive for the settlement of
iIncreasingly hazardous sites, including

steep slopes, liguefiable land
(reclaimed) flood 7zoneac ete



Understanding Changing Vulnerability

INCREMENTAL CONSTRUCTION
Buildings are not static, but
evolving.

-
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Understanding Changing Vulnera

INCREMENTAL CONSTRUCTION

vility

Buildings are not static, but
evolving.

The add-hoc process of incremental
construction is the default and most
prevalent form of urban construction.
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Modeling Changing Riskscapes

HAZARD VULNERABILTY




Modeling Changing Riskscapes

HAZARD VULNERABILTY

(dynamic)



Modeling Changing Riskscape of Kathmandu
Valley
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Modeling Dynamic Vulnerabllity

Catalog common building expansion states:




Modeling Dynamic Vulnerabllity

Catalog common building expansion states:
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Incrementally

Increasing =
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Modeling Dynamic Vulnerabllity

Stochastic model of incremental building expansion:
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Modeling Dynamic Exposure
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Using a hybrid Markov
chain and cellular
automata model of urban
growth




Frequency

Modeling Changing Riskscape of Kathmandu

Valley
1991
: 2011
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| 20240
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Number of buildings sustaining heavy damage or collapse
1934 Bihar earthquake scenario



Modeling Changing Riskscapes

Predicted risk
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Controlling Changing Riskscapes

400,000 | = Predicted risk

300,000

200,000 PREDICTED, NOT
PREDETERMINED
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Controlling Changing Riskscapes

“If you do not change direction, you may end up

where you are heading”
Lao Tzu, Chinese philosopher, 61"-5 century BC



Controlling Changing Riskscapes

What if all new construction is better designed for earthquakes?

Predicted risk
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Controlling Changing Riskscapes

What if all new construction is better designed for earthquakes?

400,000 | =———— Predicted risk

Predicted risk assuming
increased quality of all
800,000 new construction
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Ecological Concept of Resilience

(2) Measuring the true
benefits of resilience
investments

(1) Understanding an
Modeling Changing

Stable State Riskscapes

New Stable State



Investing in Resilience
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Investing in Resilience
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Building Our Resilience
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Building Our Resilience
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Building Our Resilience
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Building Our Resilience

THE TRIPLE DIVIDEND
OF RESILIENCE

THOMAS TANNER, SWENJA SURMINSKI, EMILY WILKINSON, ROBERT REID,
JUN RENTSCHLER, SUMATI RAPUT

The Triple Dividends of
Resilience
ODI. GFDRR. World Bank.




Ecological Concept of Resilience

(3) Resilient Recovery

(2) Measuring the true
benefits of resilience
investments

(1) Understanding an
Modeling Changing

Stable State Riskscapes

New Stable State



Remaining Earthquake Risk of Port-au-Prince,
Hautl

Collapsed
Buildings
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Actual 2010 event Expected Plausible Event
31,000 buildings collapsed 63,000 buildings collapsed




Promoting Reformative Recovery

MORE RESILIENT FUTURE

DISASTER EVENT

INITIAL RESILIENCE%% __________________________ D A
EARLY

RECOVERY

Reformative recovery: The concept of “reformative recovery” is set in
contrast to the traditional “restorative recovery.”



Promoting Effective Recovery

Functionality RPO Absorptive:

Capacity to withstand
immediate impact

Adaptive:

Capacity to recover partial
functionality through
temporary modification of
behavior

Restorative:
Capacity to reach a NEW
permanent stable state of
functionality

~V



Ecological Concept of Resilience

(4) Use disaster events to
catalyze transformative
change

(3) Resilient Recovery

(2) Measuring the true
benefits of resilience
investments

(1) Understanding an
Modeling Changing

Stable State Riskscapes

New Stable State



1755 Lisbon Earthqguake
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1755 Lisbon Earthqguake

"What crime, what sin, had those young hearts
conceived

That lie, bleeding and torn, on mother's breast?
Did fallen Lisbon deeper drink of vice

Than London, Paris, or sunlit Madrid?

In these men dance; at Lisbon yawns the abyss.”
Passade from Voltaire’s Poem on the Lisbon




1755 Lisbon Earthqguake
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“Uncertainty is an uncomfortable position. But
certainty is an absurd one.” - Voltaire




Resilience

32U3l|IS9Y

State of Vulnerability

Lower State of
Vulnerability






Thank you!

Thanks as well to:
« U.S. National Science Foundation
« The World Bank

« Global Facility for Disaster Reduction and Recovery
(GFDRR)

« United States Geological Survey
« Google

 Red Cross

« Shah Family Fellowship

« John Blume Fellowshi
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