BIG DATA, ARTIFICIAL INTELLIGENCE & MACHINE
LEARNING

Emerging Terminology - Emerging Capabilities



Technology - a history

PROTESTING AGAINST NEW TECHNOLOGY — THE EARLY DAYS
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Technology - a history

Computers, smartphones, and tablet sales: 1975-2011
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Technology - a history

Data Volume

Data Available to
an Organization

The Gap due to lack
of Data Processing and
Analysis Technology

Time
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Information
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Analysis

Situational
Awareness
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You need to...

(») WATCH LIVE
SPECTRUM

NEWS

The
Weather
Channel
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You need to...
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The Magical Number Seven, Plus or Minus Two

7 “chunks” of information

4 - 8 identifiable alternatives

Efficacy factors:

Intelligence & Education
Experience

Biases

Age

Stimuli

Stress

Lack of sleep

Hydration & nutrition




You're Invited! Charles & Emma Darwin

Pros: Cons:

Being with Emma Terrible loss of time

Children Lack of freedom to travel at will

Companionship Burden of visiting her relatives

Charms of music Expense and stress of children

Charming female chit-chat Less money to spend on books

Assistance in the home Marry - Marry - Marry Q.E.D.

guod erat demonstrandum



Artificial Intelligence






Artificial intelligence harnesses large amounts of data and combines them with efficient algorithms and powerful
computers to create models that have a lot of predictive power.

A well-trained model can sort through large amounts of complex data and find hidden patterns and
interdependencies.

The artificial intelligence engine uses scientific principles and probabilistic models to draw the most logical
conclusion based on past information it has learned from and the current set of data it is looking at.
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OBJECTIVE FUNCTION

The value you are trying to optimize

ARD R

Cost Speed Weight Profit WERE



Decision Variables

The values the function can optimize

f(x)
f(X, X7)
f(X; Xy, X, Xy, Xs, Xg, X5, Xg )



Teaching R2D2 to walk and talk...

Supervised Learning

Unsupervised Learning

FIND A DECISION BOUNDARY



Unsupervised clustering

_._._.@_h‘_@._. : 1D (separable)
0 X

_ et — — —— — 1D (non separable)

’ / 2D (separable)
°® .
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From 2D to 100+ dimensions
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Higher dimensions required for multiple features
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Higher dimensions required for multiple features
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Technology Capability

Al & ML - Rapid Change

Linear vs. Exponential Growth

O~ Exponential Trend ops .
—@— Linear rre:?c “ T Improved Mitigation,
; ' Preparedness & Recovery

°

/< Immediate Disaster Damage Prediction
o :

Knee of Curve —— 0'; ___ Human Augmented A.l. & Machine Learning

Copyright © 2017 One Concern, Inc.
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=N

Historical
disaster
data

Built

environment

data

Natural

environment

data

_/

Prediction outcomes are
action-oriented and vary
over time

Save lives: Predict high
damage states to save lives
in first minutes of a disaster

Identify safe zones: Predict
low damage states for
emergency personnel to
utilize
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Earthquake 85% b 93% A

Live Simulations How It Works Support Privileges Logout - admin.OneConcem| m

5 p +

R Filters: YA b - i =
Earthquake: 6.02M - 6km NW of American Canyon, ) \ -
California 0 Click here to provide data input a

Simple Advanced

Simple Filters

Show only areas that meet the following criteria:

Blocks that are in BDI:
w0 w1 w2(ow) w2(high @ 3(ow) @ 3(high)

Blocks that Contain Any of The Resources:
Hospitals () Police/Fire Station/EOC ) Grade Schools

Blocks that Contain All of The Alerts:
Senior Population Alert SixFlags

10 Counts
50 ngdort) Y

grounds

) Low Income Alert

A Hide Menu

Gateway Plaza

Go To Epicenter =~ Show District

| Cilayer | BDiLayer | Satelite

|
Block Damage Index (BDI)

Copyright © 2017 One Concern, Inc.
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San Francisco seismic vulnerability report using 80+ simulations.
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Weather mapper

Current Flood Tools

River stages at limited
gauge stations

Copyright © 2017 One Concern, Inc.

temblor® -

FEMA flood maps
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Weather information

Flood monitor

River routing

Flood inundation

Flood inundation forecast



MITIGATION Assets Impacted: ! Losses:
16 ~ 24 $283,728 ~ $290,372

Water Level Indicator

Ohr 12 hr 24 hr 36 hr 48 hr 60 hr 72 hr 84 hr 96 hr 108 hr 120 hr
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MITIGATION Assets Impacted ! Losses:
366 ~ 398 $1,433,452 ~ $1,440,628

Water Level Indicator

Ohr 12 hr 24 hr 36 hr 48 hr 60 hr 72 hr 84 hr 96 hr 108 hr 120 hr

=
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MITIGATION

Ohr

12hr

24 hr

36 hr

48 hr

60 hr

84 hr

Assets Impacted:

508 ~ 546

96 hr

108 hr

Losses:

$2,954,298 ~ $3,040,872

Water Level Indicator

120 hr

&
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Assets Impacted ! Losses:

16 ~ 24 $283,728 ~ $290,372

MITIGATION BEFORE

Place any mitigation on the magp
\
\

= Sand Ba
9 Assets Impacted: ! Losses:

16~ 24 $283,728 ~ $290,372

Flood Wrapping System

Failing Risk

Water Level Indicator

Ohr 12 hr 24 hr 36 hr 48 hr 60 hr 72 hr 96 hr 108 hr 120 hr




MITIGATION Assets Impacted: ! Losses:
508 ~ 546 $2,954,298 ~ $3,040,872

Place any mitigation on the map

w\- Sand Bag

Assets Impacted: ! Losses:

302 ~ 362 $1,843,133 ~ $1,904,478

Flood Wrapping System

Mitigation Failing Risk Indicator

« Water Level Indicator

' ' ' 1 |
0hr 12hr 24 hr 36 hr 48 hr 60 hr 72 hr 96 hr 108 hr 120 hr

0




MITIGATION Assets Impacted: ! Losses:
BEEORE 508 ~ 546 $2,954,298 ~ $3,040,872

-
(= SandB
\\l an ag

Assets Impacted: ! Losses:

431 ~ 456 $2,353,523 ~ $2,409,780

Flood Wrapping System

Failing Risk

« Water Level Indicator

O hr 12 hr 24 hr 36 hr 48 hr 60 hr 72 hr 84 hr 96 hr 108 hr 120 hr




Mitigation Preparedness Response Recovery

L
'k Impacted Assets 1
& Flow Velocity
< I x Current Date: Aug 27, 2017 00T w12 w—p2od —

Water Depth




Mitigation Preparedness Response Recovery

-

& Harris County Flood Assessment Q

$170,690,726 ~ $185,332,817

@ Sandbags

Rock Fill Cellular Barriers

Soil Fill Cellular Barriers
Concrete Fill Cellular Barriers

@ Fabric Fall-Back-Walls

@ Wood Barrier

@ Temporary Steel Barriers
Temporary Concrete Barriers

@ Water-Filled Tubular Systems . '

)

@ Air-Filled Tubular Systems
Impacted Assets 1 «

» Flow Velocity

Current Date: Aug 29, 2017 0011 w12 m—2h —d

Water Depth &
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Lake Orowille State
Recreational Arca

Oroville Municiplc
Airport

Clay PitState
Vehicular
Recreation Area

n Rd

ST

Flooding events

Climate scenario

Templates. Templates.
Russian River flooding, Jan 2017 Current climate
Anderson Dam overflow, Feb 2017 2099, Low emission

Add an event

Rainfall field

Templates:

30-year rainfall
50-year rainfall
100-year rainfall

custom

2099, Moderate emission

2099, High emission G

Wind
Temperature
Radiation
Land use

Others

2

Copyright © 2017 One Concern, Inc.
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PREPAREDNESS

& Fault line - 5.6M

EVACUATION PLAN
JJ Blocks selected

i; Total population
Seniors (>65 years old)

Children (<16 years old)

Low income (<50,000 annual) population
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Dynamic route optimization, capacity and real-time traffic monitoring

— PREPAREDNESS a (2] ()

& Fault line - 5.6M n Q Search

EVACUATION PLAN

° vial-80 E 87.2 miles
. eton -8 m Folsom St
ntinue on 1-80 E to Sacrament:
110% capacity

SantaRosa

© via1-680Nand1-80E 94.9 miles

60% capacity
110% capacity

101 miles

ake exit 460A

80% capacity Ao
ocKion

SEND EVACUATION MESSAGE

San Mateo



& Fault line - 5.6M

EVACUATION PLAN

@ vial-soE

Get on I-80 E from Folsom St

tinue on 1-80 E to Sacramento

Q via 1-680 N and 1-80 E

rom Folsom St

Get on [-80

Continue on [-80 E. Take CA-2¢

e vial-80 E

anklin St and Lombard St to US-101

27
-37E

from US-101

Continue to Vallejo. Take exit 21C from CA-37

Follow I-80 E to J St in Sacramento

PREPAREDNESS

87.2 miles

94.9 miles

,1-680 N and |-8

107 miles

in Novato. Take exit 460A

Compose Message 1

An immediate evacuation of your
area is required due to extreme
conditions.

Route 1: take 1-80 E to Sacramento
for 87.2 miles.

Route 2: take 1-680 N and 1-80 E to
Sacramento for 94.9 miles.

Route 3: take 1-80 E to
Sacramento for 101 miles.

Compose Message 2

An evacuation of your area is
highly encouraged due to extreme
conditions

Route 1: take 1-80 E to Sacramento
for 87.2 miles.

Route 2: take 1-680 N and 1-80 E to
Sacramento for 94.9 miles.

Route 3: take 1-80 E to
Sacramento for 101 miles.

Compose Message 3
This is an emergency. Evacuate

your area immediately.

Route 1: take 1-80 E to Sacramento
for 87.2 miles.

Route 2: take 1-680 N and 1-80 E to
Sacramento for 94.9 miles.

Route 3: take 1-80 E to
Sacramento for 101 miles.



Mitigation

Flood Risk Assessment

reas to compare

€ SELECT AREA

€ SELECT AREA

© SELECT AREA

Powell Ln

|
S Englert Rd, Kotrla'Ln Risk Level 9 County

14 32

Buildings in Block People Affected

Powell Ln

Sanders Rd.
Damage Level (©) |
High Damage ‘) | h |
Medium Damage 5 :

Low Damage

Current Climate




= Mitigation a 2 o Block Selection 1

©- $11.2M - $7.8M

Risk Level Estimated Annual Losses

Flood Risk Assessment
€ ® Block Selection 1

o- $11.2M - $7.8M

blocks 1o incl 5 Estimated AnnualL
Block Selection 1 Q 3 - 1 - 4 $3.4
Risk Le -— 2 14 ?3"4M > Cost - Benefit Ratlo Money Saved
y Save . H
35
e 12 35
Buildings in Selection People Affected
L — —
I
Block Selection 3 o
evate OR: it - : i
$3.2M Block Selection 1 [
* Damage Leve ( rrent Ri evel 3 -
Block Selection 4 Qo
SAVE PLAN

© Minimum Elevation

The dashed line indicates the minimum heig

needs to be raised in order 1o meet buildir




- Fault line - 5.6M Q search
\/
INCIDENT OBJECTIVE ACTIONS

1 Francisco
@ Evacuation Team

Spill Containment

@ Emergency Medical Services

@ Food and Water

or

REQUEST COLLABORATION

0000 to 0100 Fire  Washington Hospital ~ Out of power
L

Building collapsed Downtown area lost cellphone signal

»»> NEXT

a (2]
e
" Jii}
PEOPLE BUILDINGS

Seniors (>65 years old)
Senior Population: 203.3K

BDI3 BDI 2 BDI1 BDIO

est. 82.2k est. 24.5%

persons of senior population

Low Income (<10,000 annual)

Low Income Population: 2.3K

BDI3 BDI1 BDIO

persons of senior population

Visual Impairment

Visual Impairment Population: 2.3K

BDI3 BDI1 BDIO

persons of senior population

Children (<16 years old)
Children Population: 134.3K

BDI 3 BDI 2 BDI1 BDIO

est. 82.2k est. 24.5%

persons of senior population

. 5
- 30

(L]



— PREPAREDNESS A [2)

AW\ AP - WV —
& Fault line - 5.6M Q, search W \\";‘ L. v ¥ B
% 4 PN ;\ "\ '/ PEOPLE BUILDINGS
’ 3
Seniors (>65 years old)
INCIDENT OBJECTIVE ACTIONS Senior Population: 203.3K
€0 .
v Francisco 7RV \V'/ > ) . BDI 3 BDI 2 BDI1 BDI O
. o YR la f( ot 1 * -
@ Evacuation Team R <V < o el est. 82.2k est. 24.5%
. PN - 2 . D%
latenshed \ e\ NN persons of senior population
Select Collaborator
Spill Containment o Low Income (<10,000 annual)
Low Income Population: 2.3K
: . . Daniel Fire Chief N 4 BDI3 BDI1 BDIO
@ Emergency Medical Services : N s | ——
Michael EMS Manager . ¢ wan persons of senior population
-
@ Food and Water : John Assisiant Chief ) h
L Visual Impairment
INVITE NEW Visual Impairment Population: 2.3K
of BDI 3 BDI1 BDI 0
REQUEST COLLABORATION persons of senior population

Children (<16 years old)
Children Population: 134.3K

BDI 3 BDI 2 BDI1 BDIO

est. 82.2k est. 24.5%

persons of senior population

0000 to 0100 Fire Washington Hospital Out of power BDI Model Purple Model

Building collapsed  Downtown area lost cellphone signal . 35
i B —— 2 == 3o



= PREPAREDNESS

& Fault line - 5.6M

INCIDENT OBJECTIVE

ACTIONS

Heavy Rescue Vehicle

Tower Ladder

Tanker Truck

Command Support Unit

Hydraulic Platform

1 Francisco

AR\ S W
Q Search

\/

eninsula

I

atenpshed

\

0000 to 0100 Fire
L]
Building collapsed

P> NEXT

Washington Hospital

Please send out fire trucks to the
this location.

ALLOCATE RESOURCE
‘“ :

Out of

Downtown area

X ..‘:. -

Ay

power

lost cellphone signal

v

/‘0( &
Y. R
)
%}\.’0 9

a (2]
-
" ::|
PEOPLE BUILDINGS

Seniors (>65 years old)
Senior Population: 203.3K

BDI3 BDI 2 BDI1 BDIO

est. 82.2k

persons

est. 24.5%

of senior population

Low Income (<10,000 annual)
Low Income Population: 2.3K

BDI3 BDI1 BDIO

persons of senior population

Visual Impairment

Visual Impairment Population: 2.3K

BDI 3 BDI1 BDIO
persons of senior population
Children (<16 years old)
Children Population: 134.3K
BDI3 BDI 2 BDI1 BDIO
est. 82.2k est. 24.5%

persons

of senior population

- s
© - o
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— PREPAREDNESS A [2)

¥ |

L 4
Ve PEOPLE BUILDINGS

AW\ A -t \" — -
& Fault line - 5.6M Q Search o \"’;‘ L

Seniors (>65 years old)

INCIDENT OBJECTIVE ACTIONS Senior Population: 203.3K
1y Francisco BDI 3 BDI 2 BDI BDIO
@ Evacuation Team :  eninsula T est. 82.2k est. 24.5%

lategshed

persons of senior population

Spill Containment Low Income (<10,000 annual)

Low Income Population: 2.3K

BDI3 BDI1 BDIO

@ Emergency Medical Services

persons of senior population

@ Food and Water

.o

Visual Impairment
Visual Impairment Population: 2.3K

or
BDI3 BDI 1 BDI O

REQUEST COLLABORATION

persons of senior population

Children (<16 years old)
Children Population: 134.3K

BDI 3 BDI 2 BDI1 BDIO

est. 82.2k est. 24.5%

persons of senior population

0000 to 0100 Fire Washington Hospital Out of power
L]

BDI Model Purple Model

Building collapsed Downtown area lost cellphone signal - 35
»» NEXT . o



Wildland Fire Prediction

b3

et GG, NS DR e A,

Wildland Fire Decision Support System Fire Weather Forecasts

iconcern

(FSPro, FSim and Farsite)

ONE CONCERN CONFIDENTIAL: DO NOT DISTRIBUTE

Copyright © 2017 One Concern, Inc.
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Live Conditions: RAWS,
Fuel Moisture
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Wildfires can rapidly speed up with slight
changes in topography

Embers can travel miles ahead of active
fire line and burn houses down

“ountry Fire Authority (CFA) / Victoria State Government, Australia

Country Fire Authority (CFA) / Victoria State Government, Australia



State-of-the-art ember modeling

; Lofting due to fire :
e plume © et

#§ e Modeling highly granular ember paths

_ Transport due to
()

wind

Atmospheric boundary layer

‘ e
Firébrl; formation
and break-off
“21 i s of firebrand:
. Various types of fire r.an.s B 5
™ ° ° ° ° ° ?

Spot fire ignition after landing




Ykl

Monitor the likelihood of wildfires based on current conditions

e : RESPONSE / L} (] Keg Highlights

Q Search \'\',\ ?,.j/
= e  Monitor high probability
N Y y . . ape
¥ - fire ignition areas
e See recent lightning spots
< : where fire probability will
s ﬁ increase
5
5 3 : .
2 2 e View spatially across
R jurisdiction
®
PO?V(‘“AVC
< 2 g
& 5 )
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Draw the timeline forwards to see predicted path of active fire

e RESPONSE . [ Key Highlights

1S o

o e Draw time slider into 1 hour
b fire spread projections
e |dentify how the fire is
= likely to behave
3 / e |dentify where the fire is
) ((/ .
2 2 likely to spread
fn?:w‘HA
s £ L
& Top,
2ailhac™® > % Ln
-
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Toggle views to see wind, instability, and fuel: Wind

e RESPONSE . [ Key Highlights

Q Search [l
. T &R wind View
’\?E” 7 i L3 1
bl
T Sul oy T U e See wind patterns on top
4 * 1 A i
. ~ o 1 - of ’Fhe flr.e .
. B e  Quickly identify key areas
1 4 % .
e . & of sudden wind change
L & - J > which may drastically
W i change behavior of fire
” 1
P
sz 7 Instability View
' pometae  f7 e See areas where instability
b .
TS g conditions may create
o A volatile behavior
7 .
S Fuel View
‘;'
il Q.\'ﬁ‘"*“‘“i’ i
- e See different fuel types
‘ ® ; : i [ G sunores
40 m 30 -20 min 10 min 0hr 1hr 2hr 3hr 4hr 5hr 6hr 7hr 2 S e fre




Toggle views to see wind, instability, and fuel: Instability

e RESPONSE . [ Key Highlights

Q search
”/s@f,w wind View
v Or/q/)
e See wind patterns on top
of the fire
5 e  Quickly identify key areas
S of sudden wind change
5 3 which may drastically
T s change behavior of fire
9 Instability View
Mh e See areas where instability
conditions may create
1L volatile behavior
= / Fuel View
m \h \\.\\LS: g 7Ui’}’ Ln
o ; e See different fuel types
+ 1 1 1

@ . . » - ot area
3hr 5hr 7 e




Toggle views to see wind, instability, and fuel: Fuel

RESPONSE : 0 - Keg nghllghts

wind View

e See wind patterns on top
of the fire

e  Quickly identify key areas
of sudden wind change
which may drastically
change behavior of fire

o

Instability View

University

a
o

vall Ave e See areas where instability
conditions may create

volatile behavior

\D> >
Fitch St
1S Ajis1aaiun

Fuel View

e See different fuel types

I+ 3 ¢




Zoom into community view to see block-level risk

RESPONSE

' ° Key Highlights

i |
- e  Access block level risk
assessments to the active
Ri Risk Risk 0 ﬂre
est. 3.5k est. 1.7%
Low Income (<10,000 annual) L4 EVOCUOte bUIIdlng Ond
Low Income Population: 24.3K

demographic data
Risk 3 Risk 2 Risk Risk 0
g . W o e Identify vulnerable

- Visual Impairment pOpU|Ot|OnS

est. 14 est. 4.4%

@l Children (<14 years old)

Children Population: 7.9K

O FILTER 1

" sameais

dJg)\n\n--l

Click F above to filter blocks on the map

2 - o V1]
2 . s




Mitigation

Assets Impacted: 36

Losses: $ 4,464,272 Fort Ord National
Monument
Monterey
Monterey
Regional Airport

N\ R

1
> AN e 1 Impact Assets orr @D on
T
> -4 Wind Speed o @D o
N N 3 \ \'U ) Rate of spread orr I o
Timeline Bar

Flame Height orr @D o

YW eassssssassusssiusassusns = high

- ® ; - - : ' ; i T —
0HR 12HR 24 HR 36 HR 48 HR 60 HR 72 HR 84 HR 96 HR 108 HR 120 HR 0 s 00 % 2w 25 W

iconcern

UNYIHIYIIL Y £V 17 IS CUTILTTT, T,



iconce. .

Mitigation

Place any mitigation on the map

[ Helicopter > ]

~~‘Monterey
_ T>~L_ Monterey

= Régianal Airport

[ Ground Crew =) ]

Simulate Mitigation

Assets Impacted: 36

Losses: $4,464,272

Assets Impacted: 30
Saved: 6

Losses: $3,452,000
Saved: $1,012,272

Timeline Bar

Fort Ord National
Monument

1 > 1 | 1
OHR 12HR 24 HR 36 HR 48 HR 60 HR

1
72HR

1
84 HR

1 Impact Assets orr @D o
Wind Speed orr @D on
Rate of spread e I
Flame Height orr @D o
IoW  eeeeeeeeseesiieeaaeees -~ high
[ B v i 200 5 o

70



Post-Fire Flood Risk Changes

Weather
Information
Cb Flood monitor
4 ¢
River routing
Soil Properties

of Fire Scar

Flood inundation

Flood Inundation <
Forecast



Keys to “Good” Artificial Intelligence

Scalability

Dynamic - Validation & Belief Propagation
Effective Biase

Intellectually Honest

Intellectually Thorough

Effective Communication



What do we need to do?

Ask ourselves fundamental questions.
Lead technology - do not let technology lead us!
Work with developing firms and emerging tech to tailor solutions.

Begin to consider where Al could support our discipline.



Gregory T Brunelle

Director - Global Engagement-North America

& Senior Emergency Management Advisor

One Concern, Inc

169 University Avenue, Palo Alto, CA 94301 oneconcern.com
greg@oneconcern.com

518.944.5920
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