
BIG DATA, ARTIFICIAL INTELLIGENCE & MACHINE 
LEARNING

Emerging Terminology - Emerging Capabilities



Technology - a history



Technology - a history



Technology - a history



Technology - a history



Technology - a history



Technology - a history



Technology - a history



Technology - a history



Data

Who

Fragility 
Curves

Incident
What

Where

When

How



Information

Temperature

Fragility 
Curves

WEATHER
Dew Point

Humidity

Pressure

Wind -
Speed & 
Direction



Analysis

Weather

Fragility 
Curves

Situational 
AwarenessIncident 

Details

Imagery

Consequences

Regional 
Impacts



You need to...



You need to...









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:

Being with Emma

Children

Companionship

Charms of music

Charming female chit-chat

Assistance in the home

Cons:

Terrible loss of time

Lack of freedom to travel at will

Burden of visiting her relatives

Expense and stress of children

Less money to spend on books

Marry - Marry - Marry Q.E.D.

quod 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. 

AI & ML - boring academic definitions...





Source - ExtremeTech, Google 
car



Source - Voyage, Google 
car



The value you are trying to optimize



Decision Variables 

The values the function can optimize

f(x)

f(x, x1)

f(X1, X2, X3, X4, X5, X6, X7, X8...)



Teaching R2D2 to walk and talk…

Supervised Learning

Unsupervised Learning

FIND A DECISION BOUNDARY



Unsupervised clustering

1D (separable)

1D (non separable)

2D (separable)



From 2D to 100+ dimensions

Confidential



Higher dimensions required for multiple features



Higher dimensions required for multiple features





AI & ML - Rapid Change
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Improved Mitigation, 
Preparedness & Recovery

Human Augmented A.I. & Machine Learning

Response prioritization

Immediate Disaster Damage Prediction

Linear vs. Exponential Growth
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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%          93%
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San Francisco seismic vulnerability report using 80+ simulations.



River stages at limited 
gauge stations

Weather mapper FEMA flood maps
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Current Flood Tools



Flood monitor

River routing

Flood inundation

Weather information

Flood inundation forecast

Smart 
Assimilation 

System
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Dynamic route optimization, capacity  and real-time traffic monitoring

















Wildland Fire Decision Support System
(FSPro, FSim and Farsite)

Live Conditions: RAWS, 
Fuel Moisture

Fire Weather Forecasts

Wildland Fire Prediction
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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



State-of-the-art ember modeling

Modeling highly granular ember paths



Monitor the likelihood of wildfires based on current conditions

● Monitor high probability 
fire ignition areas

● See recent lightning spots 
where fire probability will 
increase

● View spatially across 
jurisdiction

Key Highlights



Draw the timeline forwards to see predicted path of active fire

● Draw time slider into 1 hour 
fire spread projections

● Identify how the fire is 
likely to behave 

● Identify where the fire is 
likely to spread

Key Highlights



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

Wind View

● See wind patterns on top 
of the fire 

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

Instability View

● See areas where instability 
conditions may create 
volatile behavior

Fuel View

● See different fuel types

Key Highlights



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

Wind View

● See wind patterns on top 
of the fire 

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

Instability View

● See areas where instability 
conditions may create 
volatile behavior

Fuel View

● See different fuel types

Key Highlights



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

Wind View

● See wind patterns on top 
of the fire 

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

Instability View

● See areas where instability 
conditions may create 
volatile behavior

Fuel View

● See different fuel types

Key Highlights



Zoom into community view to see block-level risk

● Access block level risk 
assessments to the active 
fire

● Evacuate building and 
demographic data

● Identify vulnerable 
populations 

Key Highlights



Copyright © 2017 One Concern, Inc. 69



Copyright © 2017 One Concern, Inc. 70



Flood monitor

River routing

Flood inundation

Smart 
Assimilation 

SystemSoil Properties 
of Fire Scar

Weather 
Information

Flood Inundation 
Forecast

Post-Fire Flood Risk Changes



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 AI could support our discipline.
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