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We con't solve Proble.ms

. by using the same

kind of thinking we used
when we creabted them.




Introduction Live Modeling Data Needs Outcome
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Flooding

* Runoff levels are exceeded
* Riverine: River topping their banks
* Flash flooding: Exceeds the stormwater
drainage capacity
e Coastal: Caused by the storm
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L] ﬁ/ay"
Consequences of flooding ~»
-
* Hurts the economy i N
 Damages infrastructure S n |
. 1F -
* Impacts the environment §
e Loss of lives _
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PrOTeCﬂng frOm ﬂOOdiﬂg Hugo Storm Surge Model Simulation

e Traditional modeling

+ HEC RAS, and HMS, SWMM, ICPR
« Alerting about the potential flooding —

flooding

e NWS, local government

Hurricane X

St STORM TEAM 2 WEATHER ALERT

I POTENTIAL RAINFALL

THROUGH THURSDAY

Atlantic Ocean

pater than 1 foot above ground
pater than 3 feet above ground
ater than 6 feet above ground




Introduction

Live Modeling

Data Needs

Live Modeling/Real-time Modeling (RTM

RTM models
e HEC-RAS, HEC-HMS, SWMM, ICPR

Data driven models
* Al, ML, Deep Learning
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Why Data Driven Models?

* Traditional modeling
* Data intensive
* Cost
 Computationally (time)
e Economically
* Helpsin developing long-term strategies
e Data driven models
* Data intensive
e Volume but may not be variety
* Cost
 Computationally efficient
 Economically acceptable

* Helps in action oriented outcomes,
immediate results




Introduction Live Modeling Data Needs Outcome

Data Driven Models: Why now?
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Tools for Data Driven models: Al, ML, Deep Learning

* Artificial Intelligence-

* Atechnique which enables machines to mimic
human behavior.

* Machine Learning- e s ARTIFICIAL
. INTELLIGEMCE

' Subset of Al technique which use statistical
methods to enable‘machines to improve with
experiences.

* Deep Learning-

e Subset of ML which makethe computation multi-
layer neural network feasible.
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Al, ML, Deep Learning: How s it useful?

| Artificial Neural Network (ANN) |
Artincial the basic functions of blokglcal | = Simple ANN

baslc of
neurons: Input. processing, and passing information | &
o other neurons. Each Iput Is given a welgnt to sianify how | ¢
Important it Is compared to other Input. o
o Output
O e
nput B nts

= Explores the relationship between the
important variables w.r.t the outcome

=  Works on complex data
"  Promising for non-linear systems

= Not physically based, yet captures the
physical processes

INPUT HIDDEN OUTPUT
LAYER LAYER LAYER

Algorithms could self learn



Introduction Live Modeling

Faces of Machine Learning

Meaningful

Compression

Structure Image

o e Customer Retention
Discovery Classification

Big data Dimensionality Feature Idenity Fraud
Visualistaion Reduction Elicitation Detection

Advertising Popularity
Prediction

Recommender
Systems

Unsupervised Supervised
Learning Learning Weather

Forecasting
-
I I ac h I n e Population

Growth
Prediction

Clustering
Targetted

Marketing Market

Forecasting

Customer

Segmentation Lea rn i ng

Estimating
life expectancy

Real-time decisions Game Al

Reinforcement
Learning

Robot Navigation Skill Acquisition

Learning Tasks

Diagnostics Pre pare
Data

Data Needs

ITERATIVE MACHINE LEARNING PROCESS

Outcome

ARTIFICIAL INTELLIGENCE

A program that can sense, reason,
act, and adapt

MACHINE LEARNING

Algorithms whose performance improve
as they are exposed to more data over time

DEEP
LEARNING

Subset of machine learning in
which multilayered neural
networks learn from
vast amounts of data
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Do we live In a connected systeme

g BUTTERFLY EFFEC

A very small difference in the initial
state of a physical system can make
a significant difference to the state
at some later time.

J

Derived from the theoretical example of a
hurricane's formation being contingent on
whether or not a distant butterfly had flapped
Its wings several weeks earlier.
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Data Acquisition

=  Rainfall
» Forecasted rainfall ‘ -,
= Wind speed

m  Catchment features
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Outcome

Historic and forecasted information: Model Building
= Meteorological Inputs

= Rainfall, wind, storm surge, temperature, soil moisture, humidity,
day/night

" Flow
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Data Needs Outcome

Catchment Features
= Current watercourses

= Path water will take
= Vegetation, soil and impervious surfaces

= Affects total runoff and runoff velocity
= QObstructions

= Alteration to watercourses

M Urban 1994
I Urban 2030

= Storages
= Features that retain water

. .
i .
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Historic and forecasted information: Validation and Verification
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Classification

Dimension Reduction EnsemsLe METHODS
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Data Needs

» Dashboard/Communication/Analytics tools

Visualize the short term near real-time predicted
depth of the approaching storm over different
temporal scales.

Visualize the spatial inundation, and spatially
varying depths at different temporal resolutions.

Providing early information to the emergency
officials, citizens and critical infrastructures.

Help businesses prioritize logistics.

Compare, contrast and visualize the actual and
predicted rainfall and flow.

Compare, contrast, and visualize historic rainfall
and flow information.



= Hurricane Matthew, October 2016, Category R et
1 Storm N SR
= Storm surge, wind, tidal cycles, upstream flows 5 D 5
= Typical flow models can’t capture the weather g S NS e
dynamics L

Byl -

- MATTHEW LANDFALL §
# October 8, 2016 at 10:45 AM ED1
¢ Southeast of McClellanville, 5C

. Category 1 Hurricane
| 75 mph winds
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Example: Charleston, South Carolina

= Currently Available Data/Sources
= NWS, NOAA
=  Temp, Rain, Cloud, Wind Speed
=  NWS and RAWS (MesoWest)

= Temp, RH, Wind Speed,
Pressure, 1 Hr, 3 Hr, 6 Hr, 24 Hr

= NOAA
= Tidal info
= USGS Station
" Flow
= City of Charleston
*= Flood sensors, MS4 monitoring
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Example: Charleston, South Carolina
Additional Data

Dense rain gauge network

Depth gauges for the piped
system

Riverine gauges

Tidal gauges

Wind gauges

Soil moisture sensor network
Depth sensors on the roads
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Challenges and Opportunities

* Designs and Regulations

* Funding Opportunities

* Training and Education

e Computing and Networking
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Questions

The authors acknowledge google search for some of the images used in this presentation - Az



