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http://www.iii.org/media/facts/statsbyissue/tornadoes/

Catastrophes and major crises are often
conveniently labeled as low-probability
or impossible events, “black swans”
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But are they still?
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http://upload.wikimedia.org/wikipedia/commons/0/05/2008_Sichuan_earthquake_map_no_labels.svg
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Problem:

The risk architecture
IS changing faster,
but we’ve only just started
to recognize It
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Focus for Today:

Extreme Weather Events
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/ Kunreuther & Michel-Kerjan

MIT Press

Winner of the Kulp-Wright
award for the best risk
management book
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www. AtWarWithTheWeather.com
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. Watch
the trailer
At War with
the Weather
iy

You[T[[J ciick hereto.view.
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http://www.atwarwiththeweather.com/thevideo.html
http://www.atwarwiththeweather.com/

Be Smarter About the Topic
Tool # 1.

just




The Greenhouse Effect

Some of the solar Outgoing solar
radiation is radiation: 103
reflected by the ~ Walts per m?
atmosphere and

the Earth's surface

Some of the Of“tgo'g 9
infrared radiation "'#"°¢
passes through 31 M2
the atmosphere ial il
and out into space




Link between CO, concentration in the Atmosphere and

Earth Temperature: Highly Correlated
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Taking a longer view

Direct
measurements
ice core data Projections
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Arctic September Sea Ice Extent:
Observations and Model Runs
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Is the Planet Melting?

1992

»Seadce Extent
1979-2000 4

2002

Record Low °
Sept. 16,2007 4

+‘Record Low
Sept. 15,2012

R —

o Parmanent ice shesal that mells in summer . Seasonal ice coverags

Parmanen! ice shesl
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Summer Arctic Sea
Ice Boundary 1979

photo: NASA
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This has consequences:

The 10 warmest years over
the period 1850 to 2013
were ALL after 1998 ....



Annual variations in the global annual mean temperatures in

the period 1950-2013 (compared with the 1961-1990 mean)
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Number of major weather events is rising fast
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12 of the 15 Most Costly Insured Catastrophes Worldwide

between 1970-2012 (in 2012 prices), occurred since 2000

S BILLION EVENT

78
41
37
35
26
22
22
16
15
15
15

12
11

10
10

Hurricane Katrina; floods

9/11 Attacks

Earthquake (M 9.0) and tsunami
Hurricane Sandy; floods
Hurricane Andrew

Northridge Earthquake (M 6.6)
Hurricane lke; floods

Hurricane lvan

Floods; heavy monsoon rains
Earthquake (M 6.3); aftershocks
Hurricane Wilma; floods

Hurricane Rita
Drought in the Corn Belt

Hurricane Charley

Typhoon Mireille

VICTIMS
(dead and
missing)
1,836
3,025
19,135
237
43
61
136
124
815
181
35

34
123

24
51

YEAR

2005
2001
2011
2012
1992
1994
2008
2004
2011
2011
2005

2005
2012

2004
1991

AREA OF PRIMARY
DAMAGE

USA, Gulf of Mexico
USA

Japan

USA

USA, Bahamas

USA

USA, Caribbean
USA, Caribbean
Thailand

New Zealand

USA, Gulf of Mexico

USA, Gulf of Mexico, et al.
USA

USA, Caribbean, et al.

Japan



At the same time, U.S. Federal Disaster Relief Has

Been Increasing Dangerously Over Time

0
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=—Total declarations Flood-related

Number of U.S. Presidential Disaster Declarations — 1953-2011



Now that you got the point you
are going to do something about It

Right?

Not necessairily ...



lllustration with Sandy flooding NY & NJ:

* 80% of people living In the inundated areas did
not have flood insurance

* 929% of small businesses did not either...

Our analysis of the entire portfolio of the 5 million
policies in the US National Flood Insurance
Program revealed that the majority of the people
cancel their flood policy after only ... 3 years



Be Aware of Psychological Biases
Tool # 2:

Well-Known Mistakes to Avoid
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Intuitive Thinking (“System 1”) versus

Deliberative Thinking (“System 27)

System 1 operates System 2 allocates attention
automatically and quickly to effortful and intentional

with little or no effort S mental activities

* Individuals undertake
trade-offs implicit in benefit-
cost analysis and
guantitative analysis

 Individuals use simple
associations including |
emotional reactions; follow
others without questions
* Recognizes relevant
Interconnectedness and
need for coordination

« Focus on past experience

« Basis for systematic
judgmental biases and
simplified decision rules

* Focuses on long-term
strategies for coping with
risks

26
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& Wharton

1. The “Last Crisis” Bias— Always fighting the last war

2. Myopia— Focus on short-time horizons in comparing
upfront costs of risk management investment with expected
benefits in the long-term; “it might not pay out this quarter”

3. lgnore the Issue. NIMTOF- Failure to significantly
embrace strategic risk management that leads to value
creation if actions of competitors, regulators, consumers are
not perceived as being that pressing; overconfidence.

. HAVEND
4. Lack of Valid Information— We don’t know where to " rmoome
start; this is such a big topic. We put together a nice risk i .
management report, but it is not clear it is creating any A A ﬁf) w

measurable value.

5. Procrastination— We think we know what to do and we 4
have big ideas that we should probably start implementing . sm,g;‘g;rf;;;:::‘::af ,
next year, then the year after, etc. As a result, we have not e

done anything in years; rather, we should start and build up.
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How Do We Move
to Action and Create Value?




Making More Informed Decisions
to Measure Return on Investment

Tool # 3:




Why the New York Area?

One of the largest coastal mega-cities

Important economic hub for the U.S. and international community
(tourism, trade, financial markets)

High urban exposure to flooding
Just experienced $80 billion flood-related losses from Hurricane Sandy

Sandy revealed massive impediments to flood resilience (8 out of 10
residents and 9 out of 10 small businesses were uninsured against flood
losses).

Costly delays in restoring and upgrading damaged infrastructure

Interest by both community leaders (2013 NYC’s Mayor report) and
business leaders in making this community more resilient to flood






Key Questions

What are current and future flood risk levels iIn NYC? Can we
guantify these in a transparent manner?

Which strategies should be implemented to reduce the
costs of future floods and save lives?

- What are the costs and benefits of these strategies?

- Is it economically efficient for NYC to invest in making

buildings flood resilient, or in flood-protection
Infrastructure?

- Who should pay for such investments?



Aerts, Botzen, Emanuel, Lin, de Moel, and Michel-Kerjan (2014).

Evaluating Flood Resilience Strategies for Costal Megacities, Science, Vol. 344,

pp. 473-475. (plus supplemental material online)
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Evaluating Flood Resilience
Strategies for Coastal Megacities

JeroenC. J.H Aeris, " W. J. Wouler Botzen, ' Kerry Emanuel, *Ning Lin, * Hans de Moel, '

Erwann 0. Michel-Kerjar'*

ecent flood disasiers in the
RJIJ:ited States (2005, 2008,
{2y, the Philippines{ 2012,
2013); and Britzin (2014) ilhstrate
how vulnerable coastal cities are
o sorm surge fooding (). Floods
caused the lmest portion of insuned
losaes among all catastrophes around
ithe world in 2013 (2). Population
denzity in food-prone coxstl zones
and megacities & expecied to grow
by 25% by 2060; projected climate
change and sea leve | rise may funther increase
ithe frequency andlor severity of large-scale
floods (3—7).

Dresspite tril lions of dol lars of assets located
in comstal flood-prone areas, nvestments in
profection have often been inadequaie {£),
postponed for shork-Erm econOMmic FEIsons,
fior lack of consensus on haow i proper by eval -
uate the femm on imeament, of from the fear
of making irreversible choices that become
subaptimal over time. To help inform policy
decizions, we have developed a multidisei-
plinary scientific approach W evaluate food
mana ge ment strategies. It combines proba-
bilistic risk asessment of hurricanes and
storm aurge with volnerability determ ination
of expised sk ol a census level, account-
ing for sources of uncenainty and the tim-
ing of investmends in siorm-surge lood-risk
protection. We applied this methodology
o New York City (NYC)—one of the mot
exposed ¢oxstal megacities—working with
local policy- makers,

Barriers and Bullding Codes

A wealth of idess shout protecting NY'C from
floods has been proposed (%, 10), includ-
ing barriers, levees, wetland restoration and
beach strengthening that are effective in

Tistiute for Envirnmental Swdes, WU Umivarsty,
1GE1HY, Am<edam, Nef bedand Deparmens of Earth,
Ammospheri, and Haretwry Scence, MEsachemss gt
ftute of Tackmalogy, Camberdige, MA D135, USA_ "Depart-
mast of (il and Envememenial Engineerng, Frinceion
Univemsaty, Frinceton, M] 02544, USA_ *Canter for Bxk
Management and Operatimns and | nformaton Manage-
men Depadimerd, The Wiason Schaol of the University of
Fennsybvani, Phabdepia, B 15104, USA "Comepond-
g mBon. Emal jroesaedsgves (.C1HA) and
emnanam k@wiaros pene adu { EM-EL

reducing flood occurrence in large pans of
the eity. However, a5 in other cities, some of
these large-scale engineering options have
Ieseeny criticized because they ame codtly ormay
harm the environment. (ther messures, such
a3 redueing exposure and vulne rability {eg.,
by emacting zoning regulstions and enhanc-
ing building codes), may considerably re duce
flood damage and entail lower investment
costs, but they do not prevent flood waters
from entering the city.

W present thres main clses of strategies
ithat focus onreducing vilnerability or avodd-
ing flooding or a combination of both [ses
ithe figure and supplemeniary maie rial (SM)).
The Resilient Open City straegy (S1) s a
cluster of messures to enhance building- code
strategies in NYC (1) by elevating, or dry
or wet lood-proofing, both exigting and new
buildings. Storm surge barrier siraegies (32,
a, by, and ¢) aim to lower flood probabilities in
NYC and pants of Mew Jersey (NI, with bar-
riers, levees, and besch nowrishments. “Envi-
ronmental dynamics™ (82a) consigts of thres
Iarriers to close off partsof NYC and NI that
preserve wetland dynamics of Jamaica Bay,
“Bay closed™ { S2b) expands on 523 by add-
ing & fourth barrier that closes off Jamaica
Bay. “NI-NY connect™ (S3c) replaces three
Iarrriers from S2b withonelarge barrier inthe
ot harbor to protect a larger area (see the
figure). The barrier sysiems are designed to
withstand an extreme sume of § o 10 m (25
1o 30 fee ).

The “hybrid solution™ {53) (s2e the fig-
ure ), reflecting many messures in (¥), com-
bines building code measures of S1 that
turmed out to be cost-effective aoconding to
our analysis (SM) oaly in high-risk 100-yesr

Integration of models for storms and floods,
damages and protections, should akd resilience
planning and imvestments.

return flood zones (defined by the LS, Fed-
eral Emergency Management Agency), with
protection of ¢ritical infrastrucne to reduce
economic loss due © business intermupdion.
83 includes moderaie local flood protection

¥ meamres, such a5 levess and beach nourish-

ment that are also part of S2¢. The local pro-
ection mezsures and building codes for new
structures ame adjustable o future climate
change, as they can be upgraded if Bood ris
increases in the coming decades

Modeling Flood Risks, Estimating Costs

The heart of the method is a probabilistic
flood risk mode] developed for the ity (12~
14y (SM §1). We simulvied 549 som-aurge
simulations, varying from extremely low
probability events i more frequent siorms,
using & new coupled hurricane—hydrody-
namic—inundution maodel (1.9) (SM). Then we
applied food depth—damage ¢ urvesto calou-
ke poiential damage i buildings and vehi-
cles at the censs Hock level. In addition o
flood rigk to buildings, the risk to other cate-
gories (ke infragrectune), the risk © pans of
M1, and indirect economic e Fects were added,
based on observed consequences of Hurri-
cane Sandy in 2012 (/).

We estimate the sverage annual expecied
flood loss for NYC alone at $174 million/
year, if no flood mamagement measures are
implemented. Flood losses with a 100- and
100d-year retem period are $2.2 billion and
£25 4 billion, respectively. Our loss estimates
fior an exireme event of retum period similar
o Sandy are very close o the acteal damages
it triggered (SME1.11).

The future risk in 2040 znd 2080 is also
caleulsied, accounting for estimaied changes
in surge probabilities (1. 5) and projected sea-
kel rise under fture ¢ limate change scendar-
iz, &3 well a3 the incresse in urban exposurne
due to new consdruction in flood zones (SM
§1.3). Fleod defenses in the storm surge bar-
rier strategies (S2, a, b, and ¢) are assumed
ol W fail. A benefit-cost analyss (BCA) of
flood rigk—management sirategies was con-
ducted for NYC over a 10d-year period i
evaluste the benefit {avoided risk) of each
strategyand itscosty 13), under future soendr-
jos (SM §2). We tested the robustness of the
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/ L? First one needs to assess flood risk
" N

>



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=kNpK-YinYeYyYM&tbnid=oE0eckodxgwzLM:&ved=0CAUQjRw&url=http://www.business2community.com/content-marketing/10-metrics-to-track-your-newsletter-content-success-0574706&ei=SzSiUrX3A4qxsQS5xIDoAg&psig=AFQjCNGNBqvuhet3b5Z6L_Bz4NZmU5z0SQ&ust=1386448315958820

Flood Risk Management Strategies

S1: Flood-proof buildings

« New, or existing buildings

o +2ft, +4ft, or +6ft above the
current ground level

 Applied to the 1/100 or 1/500  Elevated building
year flood zone

=
— . EREEEET:

) .. - F d Oth
First Floor Door Living Area Utilities Relocated to
Living Area or Utility g
Room Addition J
= 2
n

Shields for

Openings

Ground i \ 3
| #Hf Wet Floodproof i | Garage Door Backflow Valve Prevents External Coating or
— 1 Enclosure i Sewer and Drain Backup Covering Impervious to
i Al / Floodwater
Openings Pro d d ! f-if—_:'—_: Ground -

A e . Dry-flood proofing
Wet flood prooflng

Source: Aerts et al, 2013, ANYAS



S2a: Flood Protection ‘Environmental Dynamics’

Three storm surge barriers
- Arthur Kill
- Verrazano Narrows

- East River

Coastal protection near barriers

Essex

Queens

Open system to preserve
ecosystem dynamics

Middlesex

Monmouth Atlantic Ocean

Area protected
=== Barrier

. B N N
Moderate enhancement protection o 3 6 12 18 24

Levees and/or nourishment B I B Miles
D Levees/marchland stabilizing OF «& 4 8 e 16




N

Hackensack River
Hackensack River discharge ‘;

~ 2

East River

‘ Queens
— Upper NY Bay

Union

Raritan River
Raritan River ¢
discharge
Middlesex

Area protected
= Barrier 0 3 6 12 18 24
Moderate enhancement protection
Levees and/or nourishment 0 2: 4 8 12

Large outer harbor barrier
Large reduction coastline

Protects larger area in NJ

May disrupt water flows




S3: Hybrid Solution of Local Protection

Stormsurge and
" Hudson sea level rise

discharge
\ pergg / Bronx /

Hudson River— Longlsland Sound

Hackensack River — e

Hackensack River discharge ¢ Manhoalttean Q East River

Essex ° ) o

00 ® Queens
a’o o .—OUpper NY Bay

Union Kill van Kull Brooklyn *

° 0.
Jamaica Bay
Staten ®
Island °

Rockaways

(2]
Raritan River Lower NY Bay

Raritan River )

discharge® Raritan Bay ' Mo \)\N\,\Storm surge and

Middlesex sea level rise

Monmouth

Atlantic Ocean

Enhanced building codes N s e km
@ Protection critical infrastructure 0 3 6 12 18 24

Moderate enhancement protection gy w—— ——8m5Miles
Levees and/or nourishment 0 2 4 8 2 16

Sources: Aerts, Botzen, Emanuel, Lin, de Moel, and Michel-Kerjan (2014). Science, Vol. 344.




Results (communicated to NYC Mayor's Office and

other decision makers)

Total investment
Total investment
Total investment
Maintenance

BCR

BCR

Where/
how much

NYC

N]
NYC+N]
NYC+N]

4% discount
7% discount

49, discount
7% discount

Environ.dyn.
S2a

$16.9-21.1 billion
$2 billion
$18.9-23.1 billion
$98.5 million

Bay closed
S2b

Costs

$15.9-21.8 billion
$2 billion
$17.9-23.8 billion
$126 million

BCR for current climate

0.21 (0.11; 0.35)
0.13 (0.07; 0.21)

0.21(0.11; 0.34)
0.12 (0.07; 0.20)

NJ]-]Y connect
S2c¢

$11.0-14.7 billion
n/a

$11.0-14.7 billion
$117.5 million

0.36 (0.18; 0.59)
0.23 (0.12; 0.37)

BCR for middle climate change scenario

1.32 (0.67; 2.16)
0.60 (0.30; 0.98)

1.29 (0.65; 2.11)
0.60 (0.30; 0.97)

Sources: Aerts, Botzen, Emanuel, Lin, de Moel, and Michel-Kerjan (2014). Science, Vol. 344.

2.24 (1.14; 3.67)
1.06 (0.54; 1.74)

Hybrid solution
S3

$6.4—7.6 billion
$4 billion
$10.4-11.6 billion
$13.5 million

0.45 (0.23; 0.73)
0.26 (0.13; 0.43)

2.45 (1.24; 4.00)
1.09 (0.55; 1.78)



Who Should Pay for NYC's Resilience Investments?

* NYC generates significant positive externalities to the rest of
the U.S. (trade, tourism, port) and the world (financial market)

 If cost Is shared, then the benefit-cost ratio will make these
resilience investments much more appealing financially for the
City of New York

Possible Solutions:

1) NYC issues a Resiliency Bond to cover their share (to spread upfront cost)

2) Establish a NYC Resiliency Fee to be paid by all tourists who visit the city
(similar to the current 9/11 security fee on each airplane ticket)

$10 * 50 million tourists/year = $500 million/year = $5bn in the next 10 years
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For Executives to Approach Risk
Management More Strategically

Tool # 4.
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WEF-Wharton Risk Center on Global Risks
(along with Marsh and Zurich)
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A New 5-Step Methodology Was Developed

1. Do not focus only on the one or two risks you know best (expert bias).

2. Look at 20, 30, 50 risks & cluster them in categories to be presented
to the C-suite and also (most likely these days) to the Board.

3. Do not try to predict what will happen tomorrow or next quarter,;
Rather take a longer view to avoid myopia: 3-5 years.

4. Think of domino effects, how these risks interact with each other.
Map a number of interdependencies, even second or third level.

5. Compare the (dynamic) likelihood and severity across all risks
and the resilience capacity of your organization or country.

Monitor over time; it is not just a one-time exercise

45
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Taking Concrete Actions

o Selection of 32 core risks

« Ongoing consultations with
experts and world leaders

e Creation of the “Global Risks
Barometer”

* Annual presentations in Davos

Copyright - Erwann MICHEL-KERJAN©O

WQORLD
ECONOMIC
FORUM

o SRS

Insight Report

Global Risks 2014
Ninth Edition
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WORLD

Typology of Global Risks R

30 to 50 Global Risks

Economic Environmental Societal Technological

» . O o
Centre of Gravity in each Risk Category

5 Categones

Cntical Connectors

Weak Signals

Source: World Economic Forum
48
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Fiscal crises
’ ’Climate change

Water crises ‘
5.0 I Unemployment and
underemployment
Critical information Biodiversity loss and
infrastructure breakdown @ ecosystem collapse Extreme weather events

2014 results *
.G],baren'tacks .

Political and social instability “ Failure of financial Income

* mechanism or institution . .
Weapons of ’ disparity
mass destruction Global governance failure
Pandemic
average Food crises ‘ Matural catastrophes
ie . Liquidity crises 0 Antibictic-resistant bacteria
State collapse 0 Data fraud/theft
* .Terrc:n'at attack ; Man-made
& ervironmental catastrophes
Qil price shock
Interstate conflict
‘Economic and resource nationalization
4 .
Failure of ’Gormpﬂ on
* critical infrastructure
4.0 .
Chronie dissases Decling of importance of US dollar Mismanaged urbanization
8_ Organized crime
E and illicit trade
- 35 4.0 . 45 5.0 55 _|
4.3
average plotted 49

Likelihood + ¢ ¢ area




Top 5 Global Risks in Terms of Impact (2007-2014)

Asset price
collapse

Asset price
collapse

Asset price
collapse

Asset price
collapse

Fiscal crises

Major systemic
financial
failure

Major systemic
financial
failure

Fiscal crises

Retrenchment
from
globalization

Retrenchment
from
globalization

Retrenchment
from
globalization

Retrenchment
from
globalization

Climate
change

Water supply
crises

Water supply
crises

Climate change

Interstate and
[\ RVETE

éiowihg
Chinese
economy (<6%)

Oil and gas
price spikes

Qil price
spikes

Geopolitical
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“Interdependence is the defining issue of the 21st century.”

Tony Blair
UK Prime Minister
(1997-2007)
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What Risk Assessment Must Be About: Understanding

Interdependencies (2014 Global Risks Interdependencies Map)
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http://www.weforum.org/documents/riskbrowser2010/risks/

Key Take Aways for You

1. The recent disasters are just the beginning of the new era
of catastrophes that we have now entered.

2. Unless we start recognizing this as a fact, improve our
knowledge and build resilience you might continue to be
“surprised” again and again, losing market share and
reputation.

3. Ultimately, this might not be so much a war against the
weather as it is a war against ourselves; because of
behavioral biases and short-termism we might be our worst
enemies by not moving to action until the disaster occurs, and
then quickly forgetting.
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Key Take Aways for You DA e

o Your sector is highly exposed to future
weather catastrophes but has an amazing
opportunity to get it right given your
expertise.

o The next generation of powergrid can be
designed to be smarter, greener and more
disaster resilient at the same time.
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Thank you!



