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* Introduction

= Science of weather and climate predictive models

= Coupled models for weather-driven impact forecasts

= Example business use cases of mitigation of weather risk

= Potential implications of climate change
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Introduction to IBM Research
and

The Weather Company, an IBM Business



IBM’s global
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The world

is our laboratory




Foundational breakthroughs
have made us famous
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Nobel National National Turing
Laureates Medals of Medals of Awards
Technology Science
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2018 patents:
IBM vs. competition
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Our scientists have deep skills in
a range of core disciplines

O; /:o '
Behavioral Science Biology Chemistry Computer Science
Electrical Engineering Materials Science Mathematics Physics

© 2019 IBM Corporation 7



IBM Research
strategic focal areas

Reimagining computing Developing core Al

Transforming industries Defining and
through science and AI  optimizing blockchain

© 2019 IBM Corporation




The @
Weather
Company
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IBM delivers 15 billion forecasts on average per day

¢ U X & &

Up to 15 Million Atmospheric ~ 275,000 > 150 forecast
2.2 Billion pressure data from worldwide models serve
weather forecast  readings from 50,000 flights weather as inputs to
locations every mobile devices per day stations forecast
15 minutes
(4GB/second)

Scalable data delivery via cloud-based APIs

Content serves all TWC consumer forecast services, and powers many distribution portals including
Apple, Google, Yahoo, Samsung, Facebook, local media outlets, and more

Consumer business: weather.com, Weather Underground, mobile apps (The Weather Channel)

Industrial customers: insurance, media, aviation, energy, retail, advertisement, agriculture, finance,
surface transportation

For example, delivers content to almost all of the television stations in the US
24 x 7 globally staffed operations: 70 forecasters in eight global office locations

IBM Research
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Global Weather and Environmental Sciences £1

Research and Development Team
(TWC and IBM Research)

Andover:

+ Weather modelling and
forecasting

+ Aviation

* Broadcast

* Energy trading

- HPC

 Visualization

« Seasonal and sub-seasonal

modelling
Atlanta: @ Yorktown: + Visualization
« Nowcasting @ . Weather » Seasonal and
- Broadcast modelling climate India: @
» Visualization « Hydrology and modelling » Agriculture
+ Weather hydrodynamics® Ocean/lake » Weather modelling
forecasting « Environment modelling « Air pollution
« Agriculture + Water pollution @® « Wildfire
« HPC - Wildfire Kenya:
+ Water
management

» Agriculture

@ Brazil:
» Agriculture
* Hydrology and
hydrodynamics
* Flood modelling

We have environment-related research and development activities around the world
IBM Research
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= - Weather ? —_— i ——
Environmental Science Research Areas at IBM Company ====7=.
» Weather
Meteorology « Seasonal
» Climate
SAll Land Surface Atmospheric chemistry
and transport
 Pollution - Quality
» Wildfire - Transport
Technology
« HPC
Hydrology * Visualization

* Soil quallty . Packaging

* Runoff - Observing Systems

* Flooding

« Currents - Quality
Oceanography / Limnology ERYEVEE  Transport
Crop/Vegetation * Pollution

* Yield
- Risk Ecology ) sllgg:ns » Food web

IBM Research
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Basic Scientific Principles
and How We Create

Weather Forecasts
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Introduction to Weather and Climate Modelling
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A mathematical model that describes the physics of the atmosphere

Numerical Weather Prediction (NWP) uses finite difference methods to solve coupled partial
differential equations that model the physics as an initial (and boundary) value problem
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Haorizontal Grid
(Latitude-Longitude)

Vertical Grid _
(Height or Pressure) |

The equations are solved on a 4-dimensional grid

(e.g., latitude, longitude, altitude, time)

scatiering by aerosols

reflectance/absorption
cloud
reflectance/ansorption
farth

snon S condensalion |

rain |
 turbulence | '
evaporation i

> =

Ji

surface roughness

emission
from earth’s
surface

S0il water/snow melt snow/ice/water cover

Soil properties

* The sun adds energy, gases rise from the surface resulting in
convection

* Unequal heating of the surface causes temperature and

pressure differences which drives winds
IBM Research



The Relationship between Atmospheric Spatial and Temporal Scales iimﬁy
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48-Hour Model Run at 333m Horizontal Resolution

IBM Deep Thunder tor Lake George

Surface Total Precipitation and Winds
Cloud Water Density at 1.0e-03 kg/kg and Reflectivity at 50.0 @ibZ

w

Total Precipitation (in)
n £
O

1
0 |

11-May-2015 - 15:00 EDT Copyright IBM 2015

IBM Research
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True Global Modelling e =T,
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Observed Irma Track

Total Track MAE (mi): 48.8 IS
Total MSLP MAE (mb): 18.9

In itialization Forecast MSLP MIN (mb). 923.1

918 mb

Simulated Irma Track ©1BM DEEP THUNDER

IBIVI Hesearcn



IBM-TWC Weather-on-Demand Ecosystem et
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Government
Weather
Observations

Forecasts on
Demand

Engine
Proprietary
Weather

Observations Real-time
Publication

and

Government Distribution
Weather
Models Observations
on
Demand
Engine

IBM Research
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Approach to Overall Forecast Accuracy
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IBM is a pioneer of multi-model ensemble science

Statistically optimized
mix yields the best
forecasts

IBM’s forecast sKkill is
improving at two
days/decade or better

* For example, a day 3
forecast now is nearly as
accurate as the day 1
forecast was in 2010

« That is roughly twice the
rate of improved sKkill in
weather forecasting
models by others
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Concept for Consensus Weather Forecasting  cmw

A combination (ensemble) of bias-adjusted models can have superior skill to
any individual model or human forecast

Static Weights

(Precipitation, Clouds)

Model 1
Model 2
Model
Integration
“Real time Analytics”
Model 178

On Demand Output includes
. . » 4km global grids, updated hourly
Machine Learnlng » Set of 5000 point forecasts, updated

(T, Td, Wind) with each new model ingest

- Verltication bsta ———————

20 IBM Research
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Probabilistic Forecasts
AII of those models provide rich information about the possible weather

= Here is the actual set of forecast
probabilities of a snow storm a
few years ago in Boston H

= The “least error” forecast of 4.8”7 =
IS what feeds the consumer
forecast

10

0o

= But there is a whole range of

possibilities
* For example, if you want the most

likely amount, it would actually be
zero
* The second most likely is 10” I I I

 And there’s a 50.7% chance of at 9 10 11 12 13 14 15 16 17 18 19 20
least 6 Snow Accumulation (inches)

21 IBM Research
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Probabilistic Forecasts

The @

Weather
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All of those models provide rich information about the possible weather

= What’s useful to one decision

22

maker is not useful for another

- If you’re making decisions about
road crews in Atlanta, you care about
“what’s the likelihood it’s going to
snow at least an inch”

* If you’re in charge of declaring a
state of emergency in Boston, you
care about the likelihood of at least
15”

* In between, there’s a range of other
thresholds that are key to other
decision makers

Chance of Occurrence

16

14

12

10

0o

(o)}

IN

N

o
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9 10 11 12 13 14 15 16 17 18 19 20

Snow Accumulation (inches)
IBM Research



Probabilistic Snowfall Forecasts
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= Produce snowfall forecasts from —

Boonville, NY O

available input models

21° Light Snow
@ Winter Storm Warning

= Calibrate snowfall forecasts using B

maChine Iearning Today Hourly Daily
= Ensure consistency with human > & o w1

forecasting expertise

100% 30% 60% 20% 10

. CaICUIate SnOWfaII exceedance 8 to 12 in future snowfall forecast will
percentiles, boom and bust
amounts, confidence metric |

= Available in the The Weather .
Channel mobileapp = = =

aaaaaaaaaa

23

Boonville, NY « 5 minutes ago

Snow Coming

The likelihood of snowfall amounts over the
next 48 hours.

less than1inis 1%

1to3inis 2%

3to5inis18%

5to08inis 49%

8t0o12inis 29%

more than 12 inis 1* : |

*

VIEW DAILY *
: ;

IBM Research
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Coupled Models for Weather-driven

Impact Forecasts
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Coupled Models: Where Is the Business Value ?

~

Public and Private Data Sources

High accuracy,

high resolution Actionable
weather business insight
modeling

Coupled models

Multi-Industry Analytics Platform

“You don’t get points for predicting rain.
You get points for building arks.”

Former IBM CEO, Lou Gerstner

IBM Research
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1:00 AM

3:00 AM

2017-06-16 Y 2017-06-17 i/ f_."‘ 2017-06-18

23:11:40

Wind: 4 m/s

23:11:40 J 23:11:40

Wind: 4 m/s 2 Wind: 4 m/s

Tropical Storm Impact

5:00 AM -

|

Cyclone Marc
makes landfall

Cyclone Marcia

intensifies to
category 5

7:00 AM

9:00 AM
11:00 AM
1:00 PM
3:00 PM
5:00 PM
7:00 PM
9:00 PM

B Number of Positive Tweets

11:00 PM

Joo:

1:00 AM

m Number of Neutral Tweets

Restoration
Scheduling
for Storm-

Driven Utility

Outages

Electricity

Demand for .
Making Snow =

3:00 AM
5:00 AM
7:00 AM
9:00 AM

MWh/h

8

Stratton+Bromley

12/18/2015 00:00 EST ~ 12/20/2015 00:00 EST ~ 12/22/2015 00:00 EST ~ 12/24/2015 00:00 EST ~ 12/26/201500:00 EST  12/28/2015 00:00 EST 12/30/2015 00:00 EST

11:00 AM -

Number of Negative Tweets

o

1:00 PM
3:00 PM
5:00 PM
7:00 PM
9:00 PM
11:00 PM

IBM Research
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Example Business Use Cases of
Mitigation of Weather Risk



Electric Power Outages Have Been Increasing =
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= Aging infrastructure
* Frequent impactful weather

= Growing energy demand

Significant US Electric Grid Disturbances (1992-2011)
Weather- and Non-Weather-Related (1333) Incidents

Source: Electric Grid Disruptions and Extreme Weather,
http://evanmills.Ibl.gov/presentations/Mills-Grid- Disruptions-NCDC-3May2012.pdf

28

Number of Incidents

200

180

160

140

120

100 -

80

60 -

40

20

Unknown

y Non-weather-related

® Total Weather-

- related

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
IBM Research
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= More than 70% of all
outages are weather-
related

= Major US power
outages cost $20B to
$55B annually

= Smaller, more frequent
weather events pose
preparation and
response challenges

= Major events in 2017 U
doubled outage
duration compared to
2016

()

2000 - 2014: 19 weather-related outages affected more than 1M people

IBM Research
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What If You Could Predict Outages? Company

Proactive preparedness and response

v Open emergency HQ Call mutual assistance Preposition crews Faster restoration
v Customer and regulatory satisfaction

30

Outage/Damage Prediction Connected to Utility Mobilization Minimize Storm Mobilization $$$
3 Day Lead Time Procedure Optimize Efforts to Restore
OutagePrediction | %5, < Export Lk settings
Crew Mobilization * Reduced Customer
Data Layers -_- Time of Restoration Outage Times
Damage/Outage Type -+ Customer Satisfaction

Call Center Mobilization + Political Satisfaction
Supply Chain for * Minimize Lost

2 10,001 — 25,000 51-150 Al AL

e 1 0 - 10,000 0-50

Substation

WEATHER  Opacity —.
@ Precipitation

" 3 25,000 — 50,000 151-300 St

Humidity

4 50,001 — 100,000 300-600

Standard
HHHHHH

5 >100,000 >600

PRECIP Rain Mix  Snow

Predicted damage locations and timing

outaces  1-50

Storm

Mobilization
Plan

IBM Research
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How Do We Predict Outages ? E.

Coupling physics (weather prediction) plus Al (machine learning)

--------- - | | ——————— -
. . I
: : | - I
Historical Data | : Data-driven Modelling : | Results :
|
| : Outage | | |
1 S B model . | Prediction \
Weather JEEEN . S (Major ! : S—
I I I € . Events) I : " = =
| | ‘g . x. X | I 1
| | A A AT . |
I | L Lo R I | . |
| I 2 | F.;:%g*sz' r I : . |
: : - 18 Egas Outage : I e — o _ :
Outages L Sy s s s s model : | |
: | logi1 + dteSdarragecount) ( thg:'jr‘:‘I]:)e : : CUStomlzed I
Apply machine | : ; | prediction relevant :
learning techniques | | | | to utility |
to derive 6 - - - - T - --=-=-=-=-=-=-==-=-=-==-=" l mobilization I
relationships | . ] ] ] ' strategy |
between outages 1 Through the use of a classifier, the outage model can intelligently qualify : I
and weather in the | i i . e 4 EmEmEmmmmm==-
utility service | and quantify the predicted weather to optimize the prediction of outages
territor I . . - ..
y L by choosing the appropriate statistical model

IBM Research
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= Outage Prediction Solution Screenshots Compary === .
OutagePrediction = &%

grambton

. g .o
Outage Prediction E":‘,:‘,’;’n’, Outages  Weather  Scenarios  Storm Search o

PREDICTION Oct 3, 11:00 pm EDT v Export &,

1
+ ff’ 72 Hour Total

L - T
24 - 48 Hours = 48 - 72 Hours X Outages Next 24 Hours
) Oct 3rd 11pm - Oct 4th 11pm

OP CENTER ZONE
Searct o
\ "
d :
- Sudbury Territory Total 243 y @& o
.‘ - »
et © Mapbox © OpenStreetMap | Improve this map g |
Cobden NlpISSIng 4 < (mph) WIND STREAM
Montreal Newmarket 21 0 5 10 15 20 25 30 35 40 45
y Observed/Forecasted Weather Layers
/ OutagePrediction &% Westher  Storm Search o
m Guelph 19 =
- Outages, Next 24 Hours
. Fenelonal 17
N
44 Outages . s
¢ Newliskeard 11 Kingston
Peak Sus Wind: 23 Temp: 39+ to 66+
Peak Wind Gusts: 411+ Foliage: Partial Manitoulin 10 Nedzs | ene | semne
Total Precip: 2.5 Min temperature a 1 g
. { Parrysound 10 Max temperature 14 °C 18 °C 16 ¢
‘Z —_— DCUO Kent o Sudbury 10 Min sustained wind 20 kvt 23 kmvh 28 kvt
© Mapbox © OpenStreetMap | Improve this map (e \ A — —_ —
Huntsville 6
OUTAGE COUNTS 0-5 6-10 11-15 16-20 21+ ot ez oo =
MOBILIZATION LVL 1 2 3 4 5 Alliston 4

Outage Prediction Dashboard

Scenario Planning Tool

32 IBM Research
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* In April 2018, Hydro One was
able to restore power to
approximately half a million
customers In just four days

* Torrential rain, an inch of ice and wind
gusts up to 60 miles an hour

* Positioned 1400 front-line staff who
were needed to restore power and to
handle the nearly 130,000 customer
calls 40,008 ko

service territo

Other Utility

Served

= By contrast, after a major storm
in 2016, it took six days to
restore power

33

Ontario’s Largest Distribution Utility

IBM Research



72 hour lead outage 48 hour lead outage 24 hour lead outage

34

prediction | prediction prediction

0

C [ ~ o
~1 0 Yy 0 = o

Starting at 72 hours lead time outage prediction model forecast significant outages in the
central and southern part of Hydro One’s service territory

Proactive customer and stakeholder messaqging Estimated Time of Restoration (ETR) calculation and
* Incident command center activation (done in real-time commuhnication
today as storm is h!tting) - Calculate ETR in advance based on outage predictions
* Restoration calls with key stakeholders rather than wait for damage assessment post-storm
- Customer care and media relations call for customer (can be 6-12 hour lag)
awareness « Communicate ETR and put in system in advance of
« Outage website messaging updated prior to storm storm
* IVR messaging « Future implementation — predict damage type for

Social media additional ETR and mobilization efficiency IBM Research
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PREDICT

« Use historical and short-term forecast
data for calculating risk exposure

« Match in-force policies to weather risk

Reduce Costs
and Improve | __ - -
o %! Safety .

PREVENT

« 52% of policyholders take action

- Email, SMS, and in-app push notifications
for contextual action-based messaging

- Valued Digital Engagement: 97%
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Alerting
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= Engage Digitally
 Improved retention up to 6%

* Retaining policy holders improves
profit

= Reduce Claims

« $3500 USD per average auto hail
claims avoided

« Mitigate property water damage
claims which average over $8000 USD

= Satisfaction and Safety

* Improves safety of policyholders

A proactive and improved claims
experience leads up to 18%
satisfaction improvement

ALERTS -'%
VALUABLE&
ACTIONABLE

-
Lo

o2 %
Providing the DIOMMAHONTD® .. oo o

- v g

your customerswant, - @
when they want it

= Timely, accurate, targeted
= Customized messaging

IBM Research



An IBM Business

Improve
Processing
& Service

ANALYZE

* Process claims more efficiently through
early fraud detection

« Target marketing campaigns to
historically vulnerable policyholders
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Customer Example: USAA
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= Challenge: Continue to innovate to find new ways to
enhance the experience of members

= Solution: Initial alerting pilot

« Warn members of approaching disruptive or dangerous weather,
based on location, preferences, and assets

* Results
* Improved customer satisfaction
« Better engagement with membership (1.5M)

* Reduced claims although that was not the primary goal

= Expanded rollout underway

IBM Research
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Customer Example: Desjardins

= Challenge: Accelerate adoption of a mobile app

= Solution: Addition of mobile alerts for approaching
severe weather to enrich app’s digital experience

« Warn members of approaching disruptive or dangerous
weather based on location, preferences, and assets,
especially hail

O Desjardins

 Create a “safety eco-system”

= Results
 Effective adoption of mobile app
« Better engagement with policyholders

 Reduced claims

39 IBM Research
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= Challenge: More efficient scheduling of claims operations team and
reduction of claims for automobile insurance

= Solution: Apply methods used for outage prediction and response

* Focus on hail for an internal application

= Results
* In process
« Using hail alerting with policy holders as well

 Also evaluating seasonal-scale and probabilistic forecasts for catastrophe management

40 IBM Research
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Potential Implications of Climate Change
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Additional Scientific Principles

Related to Climate Change
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The “Greenhouse” Effect
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The Greenhouse Effect

Some solar radiation
is reflected by the Some of the infrared radiation

& Earth and the passes through the atmosphere.
‘ | atmosphere. Some is absorbed and re-emitted
R in all directions by greenhouse
‘ gas molecules.The effect of this
is to warm the Earth’s surface
) | _and the lower atmosphere.

Most radiation is abso bed -
by the Earths surface ... .« Atmosphere
and warms it

Infrared radiation
Earth’s surface - is emitted by the

Earth’s surface.

Source: U.S. Environmental
Protection Agency

IBM Research
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The atmosphere can hold 4% more water with

each increase of temperature of 1°F, on average.
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A Few Facts about the State of the

Climate and the Science
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What Can Be Attributed to a Changing Climate? &
Many temperature and precipitation extremes are becoming more
common in the United States

1. The frequency of cold waves has decreased since the early 1900s

2. The frequency and intensity of heat waves has increased since the mid-
1960s

3. The frequency and intensity of heavy precipitation events have increased
since 1901, especially in the northeast

..'I

Sources: U.S. Global Change Research Program, New :
England History Society, Time Magazine, ABC News

IBM Research
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What Can Be Attributed to a Changing Climate? &

The oceans are not just rising, they are warming and changing

* The world’s oceans have absorbed about 93% of the excess heat caused by
greenhouse gas warming since the mid-20th century

* The world’s oceans are currently absorbing more than a quarter of the carbon
dioxide emitted to the atmosphere annually from human activities, making
them more acidic

..'I

* Oxygen levels are expected to decrease by as much as 3.5%
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47 Sources: Mario Hoppmann, via imaggeo.egu.eu, U.S. Global Change Research Program,https:/science2017.globalchange.gov/; Kyodo News via Gettyg\ Research
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Selected Notable

Climate-Related Events in 2018

The @
Weather
Company

An IBM Business

..'Ii

ALASKA

Alaska had its second warmest year

on record, trailing behind 2016.

@AWAII
Heavy rain in April triggered floods and
mudslides across parts of Hawaii. A rain
gauge on Kauai’s North Shore reported
1262.13 mm (49.69 inches) of rain in a
24-hour period, a new U.S. national

record.

EASTERN NORTH PACIFIC
HURRICANE SEASON
Above average activity

23 storms, 13 hurricanes

ARCTIC SEA ICE EXTENT

During its growth season, the Arctic had its second smallest annual
maximum extent. During its melt season, the Arctic reached its
sixth smallest minimum extent on record (tied with 2008 and 2010).

@ROPE

CONTIGUOUS UNITED STATES

warmest year on record.

Much-warmer-than-average conditions engulfed
much of Europe for most of 2018, resulting in the
warmest year on record. Several countries had a
record or near-record warm year. France, Germany,
and Switzerland had a record warm year; while,
Denmark and the Netherlands had their second

The yearly precipitation total across the
contiguous U.S. was the third wettest year on
record. The years 1973 and 1983 were wetter,

ATLANTIC HURRICANE
SEASON

Above average activity
15 storms, 8 hurricanes

ALGERIA

On July 5, the city of Ouargla recorded a
maximum temperature of 51.3°C (124.3°F), the
highest temperature ever recorded in Algeriay

mURRICANE MICHAEL
(October 7-12, 2018)
Maximum winds - 250 km/hr

based on wind speed.

Michael was the third most intense hurricane
to make landfall in the contiguous U.S. based
on central pressure and the fourth most intense

HURRICANE FLORENCE

/ASIA

Irag, United Arab Emirates, Qatar, Turkmenistan, Pakistan, Uzbekistan,
and Tajikistan set new national March temperature records. Asia set a
new continental maximum temperature record for March when

temperatures across Pakistan soared to 45.5°C (113.9°F).

WESTERN PACIFIC OCEAN
TYPHOON SEASON

Above average activity

29 storms, 13 typhoons

NORTH INDIAN OCEAN
CYCLONE SEASON
Above average activity

8 storms, 4 cyclones

(August 31-September 17, 2018)

Maximum winds - 220 km/hr

Florence brought record rainfall and caused
significant damage to the Carolinas.

CYCLONE MEKUNU
(May 21-27,2018)
Maximum winds - 185 km/hr

y

ARGENTINA

) AT MOSP,* e, R
Y o

Argentina had its ninth warmest year since
national records began in 1961.

36-hour period.

The fourth strongest cylcone in the Arabian
Sea. Salalah, Oman, received over twice its
annual average precipitation for the city in a

TYPHOON YUTU

(October 21-November 2, 2018)
Maximum winds - 285 km/hr

Yutu was the strongest typhoon to affect
the Mariana Islands on record.

3225 3)

SOUTH INDIAN OCEAN
CYCLONE SEASON
Below average activity

8 storms, 7 cyclones

AUSTRALIAN CYCLONE

SEASON o SOUTHWEST PACIFIC
Average activity OCEAN CYCLONE

11 storms, 3 cyclones SEASON

Below average activity
AUSTRALIA 6 storms, 3 cyclones
Had its third warmest year since

national records began in 1910.

&

ANTARCTIC SEA ICE EXTENT

During its growth season, the Antarctic had its fourth smallest
annual maximum extent. During its melt season, the Antarctic
reached its second smallest minimum extent on record.

NEW ZEALAND
The 2018 national temperature for
New Zealand tied with 1998 as the

second highest temperature on
record, behind 2016.

iovl Research
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16 Events in 2017 with Cumulative Impact of $306.2B &=

U.S. 2017 Billion-Dollar Weather and Climate Disasters

Minnesota Hail Storm and

North Dakota, South

o Upper Midwest Severe Weather
Dakota, and ." Ppet ! V\\J/une 9_\/11
Montana Drought ~ * ’

% Q
A TuenT oF &

0

Spring—Fall 2017 "~ Midwest Tornado Outbreak

*) March 6-8 “ e
{
' ’ Central/Southeast
g / = Tornado Outbreak
\ p 4 February 28—-March 1
-'13&

Western Wildfires, t

California Firestorm
Summer-Fall
2017 0

California 7’ /"\

Flooding

N ,r’ Missouri and Arkansas
Flooding and Central

Severe Weather
April 25-May 7

2

February 8—-22
/,/,/ !! )o\ , :
— |
\ —@ Southeast Freeze
\,,ﬁ"f,.v March 14-16

‘ S — ik
Colorado Hail Storm .= N '-’/,{/,/ /’ /
and Central . \ ’ i
Severe Weather '
May 8—11 ‘
v '{ / ////
i (T A= Southern Tornado
o A

i
/
/
/y
. Qutbreak and
’ Hurricane Harvey -
August 25-31

Midwest Severe
Weather
June 27-29

Western Storms
January 20-22
Midwest Severe

- Weather ’
June 12-16 - Hurricane
South/Southeast Severe Weather S'l;;g?g:r Ingz T - Maria
March 26-28 0 September 19-21

.~ M Research
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Western Wildfires,

California Firestorm Central and Eastern

# Tornadoes and Severe Weather

Summer—Fall ’
2018 July 19-22 rh '
Northeast
Winter Storm
\ March 1-3

/ ///,// b
Central and Eastern
Severe Weather

Rockies and May 13-15

Plains Hail Storms
August 6—7

Northeastern and
Eastern Winter Storm
January 3-5

Southwest/Southern
Plains Drought

2018 Hurricane Florence

September 13—16

Central and Northeast
Severe Weather

- May 1-4
Colorado Hail Storm

June 18-19

Southeastern Tornadoes
and Severe Weather

Southern and Eastern

Tornadoes and Hurricane .-

Texas Hail Storm Severe Weather Michael March 18-21
June 8 April13-16 october 10-11 =z

wull Research
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=E - - Weather ? —_— =
= Billion Dollar Disaster Event Types (1980 — 2018) @ ===
Billion-Dollar Disaster Event Types by Year (CPI-Adjusted)
I Winter Storm I Wildfire Trop Cyel I Severe Storm l Freeze
l Flooding I Drought = Costww’ 959% CI = &-Year Mean
18 1 Laoo
a7 + +380
16 + ' ‘ T360
15 1 I . +340
14 1 +320
13 + +300
12 1 1280
PRTE t2e0 &
S ot ' +200 @
T 8T & +180 95
zZ 74 8 tieo 2
- ; +140 ©
5 - " 120
a +100
. 180
3 +60
" ﬁ\ | |U/ I
1RNDE8=8 SRRY Ihrm BT IRERERERNL -

1980 1982 1984 1986 1988 1990 1992 1994 1996

1998 2000 2002 20049 2006 2008 2010 2012 2014 2016 2018

246 Events from 1980 to 2018 with Cumulative Impact of $1.6T
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Adjusted by Consumer Price Index (Source: NOAA)

IBM Resecarch
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“Climate” Event Attribution Company =

What aspects of such events can be attributed to a changing climate?
- The US wildfire season is three months longer than in 1940 and more intense

 Tropical storms of greater intensity (e.g., Hurricane Florence had > 50% more rain and was
about 50 miles larger)

* More flooding events due to precipitation of greater intensity and coastal storm surge

* Increased droughts

F

Sources: U.S. Global Change Research Program, https://science201 7.g|oba|change.ov/, Kip Eans /Alamy Stock Photo, Nﬁé?nAR "
52 esearc
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A Few Implications of

Climate Change
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Implications of a Warming Climate — Oceans and Coas¥&:

=The oceans are not just rising, they are warming and changing

« Economic impact is occurring from nuisance (tidal) and storm-driven
flooding

[[oll
AN
U= s )

..'I

« Coastal cities, ports, power plants and naval stations, etc. are at risk

* There will be a negative effect on life in our oceans, which will impact the
global food chain

Toms River, NJ, January 2017, Source: NJ Advance Media, NJ.com Charleston, SC, Source: NOAA
54 IBM Research
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Implications of a Warming Climate — Aviation & .

-Coastal airports are at risk

* About two dozen of the world’s busiest airports are less than 33 feet above sea
level -- half are less than 16 feet above sea level

- JFK, LGA and EWR were closed in the aftermath of Post Tropical Cyclone Sandy
- Kansai airport near Osaka was flooded in September due to Typhoon Jebi
* Destruction in October at Tyndall Air Force Base from Hurricane Michael

Source:

IBM Researc
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IBM Studies of the Impacts of
Climate Change
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Thed ===

Weather —

Company ———=" =,
An IBM Business

= We are looking at localized impacts especially on businesses and
long-term, strategic planning

= We are trying to understand the effectiveness of mitigation
strategies

One example:

= How can hurricanes change in a future climate ?

IBM Research
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 Over 100 deaths and about $80B
in property damage

 Electricity service lost to about
8M residences and businesses

+ Widespread disruption of all
transportation systems

58 IBM Research
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The @
Weather

Post-Tropical Cyclone Sandy (0ctober 2012) L.

« Wind gusts of 60 to 90 mph with
extensive coastal flooding

Thousands left homeless

Significant disruption of
communications systems
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How different would a Sandy-like
storm be in the future?
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An IBM Business

46 N Preacg- 1 CNTL
. 17 Faoz0 | " CNTL shows the actual track of Sandy
£ | -~ 5020c| = Tracks marked "F" illustrate different climate scenarios
42N 14 . Ix2' popoo | at three times in the future
* F2020 corresponds to 2020
38 N -
* F2050A, F2050B and F2050C are different scenarios for 2050
* F2090 corresponds to 2090
34 N -
= The numbers on the tracks indicate the delay in landfall
in hours compared to actual
N - : : : :
30 = A difference of up to about six hours in the landfall time
and 100 miles closer to New York City in landfall
26N{ Lo = In the 2090 simulation there is more widespread rainfall
| Q0 into western Long Island, up to 1.5 inches for the 24-
hour period of the simulations (not shown)
22 N

82 W 78 W 74 W 70 W 66 W IBM Research
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Comparing Flooding from a Future “Sandy” ooy
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= About twice as many electric substations in Nassau and Suffolk Counties
would be flooded compared to what actually occurred in 2012

=27 under the 2050B scenario vs. 30 in the 2090 scenario

* Three examples are shown below

Far Rockaway Substation Arverne Substation e Woodmere Substation

7 8
£ 6 £ 7 gg
-— -— 6 | —
5> S 5 S5
Q 4 ) 4 o) 4
L 3 T 3 T3
35 2 9 2 S 2
s | S =1

0 0

2012 2050 2090 2012 2050 2090 2012 2050 2090

Year Year Year

61 IBM Research



= Weather risk mitigation is a reality because the lead time and skill of forecasts
are sufficient to be actionable

= Weather forecast models are coupled to predictions of the impacts of weather

= Businesses can proactively allocate and deploy resources to minimize time for
restoration of damage from severe events

= We are extending these concepts to a climate scale in order to evaluate the
potential localized impacts of a warming planet and the effectiveness of
strategies being used to mitigate such impacts

62 IBM Research
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Questions ?
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