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Returning to Routine

Resilience Prepare

The objective of resilience is to
help ensure people can overcome
a potentially catastrophic event
and return to normal life as quickly

and effectively as possible. The
range of possible precautionary
measures includes setting up
early warning systems, structural
protection, adequate organisation
and teaching people how to res-
pond in an emergency situation.
This infographic shows that
creating a high level of resistance
is a dynamic and flexible process.
Even If an extreme event s not iImminent,
you shoulkd know how to prepare and pro-

tact yourself against It and how to respond
If it does occut. A checkhist 1s the prefecred
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Prevent

In many cases, major losses from modarate
events can be preventad using falrly simple
means. Avoiding the peril In the first place
15 always the best solution.

way to do this. It is important to be aware
of your individual sttuation.

Protect

Recover

Respond

offer s general levef of basic protection.
Thiz level can be permanently or tam-
porarily Increased for objects especially
worthy of protection.

N Precautions taken by the suthorities

r .
AT . /
The most important requirement s that fo0n - =t

most Important requireme:
basic supplies and infrastructure are quickly 0w o o g =t
restored to sliow reconstruction to begin. e L _' ,,5,»_—,‘ e
A loss also presents an opportunity to = D s 'ﬁ’(_

=i
improve on how things were before the
~ J

disaster. This in tum will improve futurs N e N
rasilience, bringing us back to the topic of = s
preperedness.

itis not possibis to prevent damage
entirely. But 1t can be minimised by
responding appropriately and taking the
right steps. The response begins with the
early waming, reaches Its peak during
crists management, and continues into
the recovery phase.

Source: Munich Re Topics GEO 2016
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Insurance Perspective Munich RE

- Insurance companies are central to
the revitalization efforts of
communities and businesses as they
respond to the effects of natural
disasters.

 Two models utilized from the HO\i\é 55&?@6

perspective of risk mitigation and MICFOQFI(P
Insurance: A

s perspective on risk drivers
l d stribu cd ESOUITES.

Fr Ricwan B, Jones, Pl

= Blackout Risk Modeling

= Microgrid Rellablllty Model “How Reliable is Your Microgrid” by

Richard Jones, Public Utilities Fortnightly,

July 2015
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Blackout Risk Model ™
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- = Verisk
1= Ulimate™

Focuses on the U.S. power grid and incorporates

extensive data on four peril categories: Hurricanes, winter
storms, thunderstorms, and equipment failure or operator
error. Wild fires and terrorism attack loss scenarios can
also be tested. This includes:

Severe weather events
Electrical grid

*Tree proximity to power lines
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Blackout Risk Model™ Hurricane Outage
Duration, 5yr return per., 2.47 days average
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Blackout Risk Model™ Hurricane Outage
Duration, 100yr return per., 3.96 days

average
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Blackout Risk Model™ Hurricane Outage
Population, 5yr return per., 7,716,839

people impacted
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Blackout Risk Model™ Hurricane Outage L
Population, 100yr return per., 25,095,957
people impacted

Binghamton

QOutage Population
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Blackout Risk Model™ Winterstorm Outage
Duration, 5yr return per., 1.92 days average ™"
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Blackout Risk Model™ Winterstorm Outage

Duration, 100yr return per., 6.45 days

average
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Blackout Risk Model™ Winterstorm Outage

Population, 100yr return per., 15,206,691
people impacted
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Notional Loss Analysis

Assume $10 Mil of annual Bl

exposure in all US zip codes

= This could represent 1 $10 Mil
exposure or several smaller
exposures totaling $10 Mil.

24 hr. waiting period / deductible

Return period is probability of

occurrence

= l.e.5yris 20% chance in one
year

* |.e. 100 yr is 1% chance in one
year

Hartford Steam Boiler

Munich RE =

Return

Period Hurricane Winterstorm
1000 $318,000,365 | $597,849,489
500 $284,026,307 | $521,753,166
250 $247,325,162 | $418,962,302
100 $192,864,230 | $276,838,550
50 $149,479,089 | $199,762,238
25 $107,578,614 | $152,285,187

5 $40,806,485 | $57,925,226

Average | $32,514,423 | $48,460,274
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Hurricane Harvey Power Outages
Peril Considerations — Flood vs Wind
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Munich RE applications Munich RE =

NATHAN & natcatService

-
Munich RE == NATHAN
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Maps & Data

Hazard Maps

Additional Maps A
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Loss events in North America 1980 — 2016 wesemsen-

Geographical overview (including Caribbean and Central America)

Drought 1988
USA

Floods 1993
UsA
Overall losses*: USS 21bn

P 5bn
Insured losses*: US$ 1.3bn : ; @ S AUSS08aH0 g
USA o . ; Hurricane Jeanne 2004,

Drought 2012

Overall losses*: US$ 25bn Falallies: 487 = —Sm= e : USA, Caribbean
Insured losses™: US$ 12bn S 3 : ! Overall losses*: US$ 9.2bn
Tornadoes 2011 . _ Insured losses™ US$ 5bn Hurricane Irene 2011
USA a : Fatalities:2.000 USA, Canada, Caribbean
Qverall k)sses": US$ 10bn . Hurricane Sandy 2012 Overall losses'.:.USS 11bn
Insur_eq losses*: USS$ 6.9bn F & USA, Canada, Caribbean lnsurgd lqsses : US$ 6bn
Fatalities: 178 - Overall losses*: US$ 68.5bn Fatalities: 55
Lgr:adoes 2011 8 Insured losses*: US$ 29.5bn
Fatalities: 210 :
Earthquake 1994 Overall losses”: US$ 11bn 2 L Hurricane Hugo 19_89
USA insured losses*: US$ 7.3bn ’ US4, Canada, Caritiboan
Overall losses*: USS 44bn Fatalities: 350 Hutticane. Clistiay. 204 il s
Insured losses*: US$ 15.3bn USA, Caribbean tourad losspes = US%.3.100
ities: Hurricane Katrina 2005 Overall losses*: US$ 18bn Fatalities: 116
Fatalities: 61
USA Insured losses*: US$ 8bn
2 . 3‘;?;22 llzssssiss'-‘ lljssss :32252& Hurricane Frances 2004,
Hurricane Rita 2005 g 322, = Hurricane Wilma 2005 USA, Canada, Caribbean
USA atalities 1, USA, Caribbean, Mexico Overall losses*: US$ 12bn
Overall Iosses": US$ 16bn Overall losses*: US$ 22bn Insured losses*: US$ 5.5bn
lnsur_eq k?sses - USS 9.6bn *eu Insured losses*: US$ 12.5bn Fatalities: 50
Faaiies 10 Hurricane ke . Fatalities: 42 Hurricane Andrew 1992
Caribbean, USA Hurricane Mitch 1998 Earthquake 2010 USA, Caribbean

Overall losses*: US$ 38bn Overall losses*: US$ 26.5bn

< Central America, Caribbean, USA Hurricane Ivan 2004 Haiti
2 i e y s ¢ 5
'F":t‘;ﬁ.”e?ﬁ?eff OSB89 Overall osses Uss 5 5n Caribbean, USA Overall losses™: US$ gbn  Insured losses*: US$ 17bn
' Insured losses*: US$ 0.2bn Overall losses™: US$ 23bn Insured losses™: US$ 0.2on  Fatalities: 62
Fatalities: 11,000 Insured losses*: US$ 11.8bn Fatalities: 159,000
Fatalities” 120 - e em aeimg
Fatalities: 120 Source: Munich Re, NatCatSERVICE, 2017
® Geophysical events @ Meteorological events ® Hydrological events ® Climatological events
(Earthquake, tsunami, volcanic activity) (Tropical storm, extratropical storm,  (Flood, mass movement) (Extreme temperature, drought,
convective storm, local storm) wildfire)

o Lossevents (O Selection of catastrophes

Source: Munich Re NatCatSERVICE *Lossss inorigial vakues
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Valuing Resilience: Munich RE =

Risk Considerations

Hartford Steam Boiler

1. Risk Modifiers for loss prevention activities

a) Arobust, fast response repair program has a major risk reduction
effect for both availability and lost production risk.

b) Energy storage has a risk reduction benefit.

2. Weather influences need to be considered during design and
construction specifications.

3. A Performance Risk Analysis Model can help direct resources to the
major risk drivers.

4. Standard property insurance is prudent but system performance
iInsurance may help in funding if performance can be related to
revenue.
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CONTACT INFO

David R. Tine
Tel. 860 722 - 5749
eMail: david tine@hsb.com
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Appendix- MunichRe Topics GEO

Percentage of uninsured
losses in Europe

Percentage of uninsurad
o losses in Asla

Percentage of uninsurad iosses in North
America (ncl. Central America and the
Caribbean)

Pefcentage of uninsured
losses in Africa

Percentage of uninsured losses
In Australta and Oceanta

Natural disaster loss events
2000 to 2016
TS s T s Insured and uninsured losses
e e per worldwide

Nationwide level of nsurance coverage, based on the
ratio of insured to uninsured losses.

W Uninsured countries
W Low level of coverage (<20%)

Source: Munich Re Topics GEO 2016 et

60 Munich Re Topics Geo 2016
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Appendix - Standard Insurance
Coverage:Loss Valuation

Munich RE =

Equipment Business Income Spoilage Damage

Breakdown Extra Expense Utility Interruption
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Appendix: typical risk model results L
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NY Prize Microgrid: illustration only
Energy Storage (ESS) Duration of 2 Hours — For this situation (modeled in this case only)
ESS has significantly less value risk reduction value than the Component Repair Strategy
Availability Risk Lost Production Risk (kwh)
00% 100% ]
90% | ===~ NOESS - 75% M Perfornance 1 '/T e ‘
80% ——— 2hrESS - 75% Mx Pe<zemance ," - g s
=== NOESS - H0% Mx mance 1 8 70%
g | Tnmouer o i
S ' 50%
E 50% ;,:
g 40% c_; A0%
'-g 20% g 30% mmme NDESS - 754 Mx Pedomance [
= Q 2 — 20 ESS - V% Mx Fefamanca
§ 20% bk L an=s i)\‘o'::i:-lv:sw.'lx:mommca
O 10% 1035 —— 2NrESS - SU% Mx Fefomanca
0% e 5— RNV 0% ‘ I
99.90%  99.92%  99.94%  99.96%  99.98%  100.00% 19 1900 18,000
Availability Lost Kwh
There is ~ 10% chance that the There is ~ 40% chance that the annual
annual availability will be < 99.96%. Lost Kwh will be < 100.
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