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Chiang Mai, Thailand  Image credit: David Lallemant




Chiang Mai, Thailand Image credit: Panumet Tanraksa, Post, Oct 3, |
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‘Monkey temple’ following the Gorkha Earthquake 2015, Nepal
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Disaster Analytics for Society Lab (DASL)
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Disaster Analytics for Society Lab (DASL)
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VULNERABILITY
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RISK

Cities need to make
decisions on much longer
time horizons, and
therefore need analytical
tools to do so.

e el LR RN IEE N R RN RN R RN R RN R R NN ENEEREELES

20\0 2020 2030 2OYO 2050 2060 Co70



-

Dynamic
risk
modeling

.

Hazard

Exposure }

%

ke
K
LB =

Time-varying hazard rate

N

Vulnerability

|

P

/
18

'S
PROBA BILITY \

/

Urban growth simulation

W

\

%

S

Dynamic probabilistic risk

framework

model

Time-dependent fragility

Rabonza, M. & Lallemant, D., 2019; 2022 (in prep)



“If you do not

RISK

Z . .
2 change direction,
2 you may end up
9 where you are
:f) heading”
Lao Tzu, Chinese
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Kathmandu, Nepal

Photo credit: Dr. Anne Sanquini



Dynamic Exposure

1975 1990 2000 PAONRS

Mesta et al. 2022



Dynamic Vulnerability

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



Incrementally
Increasing
vulnerability
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Evolving Risk

What if all new construction is better designed for earthquakes?

400,000 | = Predicted risk

300,000

200,000 PREDICTED, NOT
PREDETERMINED

100,000

Number of buildings sustaining heavy damage

1995 2010



Controlling Evolving Risk

What if all new construction is better designed for earthquakes?

400,000 | = Predicted risk

Predicted risk assuming
- increased quality of all

300,000 new construction
20%
EXPECTED
200,000 REDUCTION
IN 15 YEARS

100,000

Number of buildings sustaining heavy damage

1995 | 2010
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Typhoon Noru, Sept 2022 (obtained from earth.nullschool.net)
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GEOSPATIAL
DATA
INTEGRATION
FRAMEWORK
(G-DIF)

S. Loos, D. Lallemant, J. Baker,
J.McCaughey, S. Yun, N.
Budhathoki, F. Khan, R. Singh.
“G-DIF: A geospatial data
integration framework to
rapidly estimate post
earthquake damage.”
Earthquake Spectra.
https://journals.sagepub.com/
doi/10.1177/87552930209261
90

TRUE DAMAGE

Mean Damage Grade
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https://journals.sagepub.com/doi/10.1177/8755293020926190
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Ability to
recover from
disaster
(resilience)




Ability to

$hiail ; recover from
/ 3 disaster

(resilience)




Ability to
recover from
disaster
(resilience)




0 25 50km

Probability of non-recovery Average damage grade
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0.7 0.3 04 05 Q.7 7 3 38 455

Loos et al. 2022 (in review)



RISK ANALYSIS FOR RESILIENT & EQUITABLE COMMUNITIES
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Probabilistic Downward Counterfactual Analysis




School retrofitting program in Nepal Evacuation prior to Cyclone Fani, 2019
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* Nepal School Earthquake Safety program  One of the largest cyclones to hit India in
retrofitted 300 schools between 1999-2015. past 20 years.

160 of those were in the area affected by the 1.5 million people evacuated.
2015 earthquake.



Earthquake
School Retrofit

Scenario
Counterfactual

Mean = 1303

Fatalities

Estimated
1014 lives saved

Mean = 289

Probability density

10000 1

7500 1

Fatalities

25001

Cyclone
Evacuation

Scenario

5000 1

Actual: Realised surge,

..... =10380_____ * with evacuation
Counterfactual: Realised surge,

without evacuation
Counterfactual: Predicted surge,
without evacuation

Estimated
9613 lives saved

Mean=767 {

Reported fatalities = 63 \1,

Probability density



PERCEPTION WHAT WE SHED LIGHT ON

PURPOSE

Success made invisible in
midst of broader
disaster.

Need to highlight, celebrate
and learn from successful
DRM activities.

Success made invisible by
nature of the success.

Need to highlight, celebrate
and learn from successful
DRM activities.

Success made invisible due
to yet unrealized benefits.

Success made invisible due
to randomness of
specific outcome.

Need to judge the value of
DRM actions based on
risk reduction, not specific
(volatile) outcomes.

Shedding light on avoided disasters: Measuring the
Invisible benefits of disaster risk management using
probabllistic counterfactual analysis

Rabonza M., Lallemant D., Lin Y., Tadepalli S.,
Wagenaar D., Nguyen M., Choong J., Liu C., Mestav
G., Widawati B., Balbi M., Khan F, Loos S., Lim T.N.

UNDRR Global Assessment Report 2022



https://averteddisasteraward.org
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Riding the waves of risk / /B
28 Nov - 2 Dec, 2022 - Floripa, Brazil  /f#4

https://understandrisk.org/event/ur22/



Summary:

Risk is growing and cities need to account
for changing risk.

Equitable disaster recovery requires
looking at the physical impacts and
social-economic obstacles.
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Celebrating success in disaster risk
management is necessary to share, learn,
and scale solutions.
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Note: All hand-drawings in this presentation are done by me. Please credit if re-use.
Much of this research is supported by the National Research Foundation, Singapore under the NRF-NRFF2018-06 award.
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