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Why is this important?

Traditional modeling methodology
complexity hinders the rapid
production of assessments on
impending flood events at a time
scale amenable for effective
decision support.

Simply put, you don’t get the
information you need quickly

enough.




What is Flood
Predictor?

A flood inundation
mapping product that
applies machine
learning for prediction
and probability.

It provides reliable, data-
driven flood risk results

in near real-time.

Flood Predictor

Stantec

Banks Weaken
and Erosion Occurs
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Critical Facilities at Risk
from Flash Flooding

Residential Areas at Risk
from Pluvial and Riverine
Flooding

Standing Water collects

Run-off creates
Road Hazards

River Flooding Increases with
Rainfall Duration or Intensity




Flood Predictor Benefits

v' Speed - predictions made in minutes

v Quality - high resolution, latest inputs, best-in-class

v" Validity - leverages and aligns to most recent FEMA data
v' Scalability - flood risk anywhere, even unmapped areas

v Versatility — base level, user defined, historic, forecast, &
future conditions
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Watershed Selection

Select Watershed by
Hydrologic Unit Code (HUC)
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(a) Raw Data Retrieval

Digital Elevation Model
(DEM)

Climate Data: Rainfall &
Evapotranspiration

Soil Hydraulic
Conductivity

Hydrography Dataset

Process [l Output

(b) Derivative Data

* Accumulation Along Flow Paths

e Height Above Nearest Drainage

e Slope At Each Point

e Slope Along Flow Paths

¢ Flow Pathways

e DEM Burned With Hydrography

¢ Reach Average Hydraulic Radius

* Reach Average Cross Sectional Area
¢ Sheet Flow Hydraulic Radius

* Travel Time Distributions

* Flow Velocity Field

¢ Manning’s Roughness Coefficient
 Budyko Dryness Index

e Rainfall Runoff Partitioning (Annual)
» Cross Sectional Area

* Hydraulic Radius

(e) Dimensionless Data

Hydraulic Indices:

7, = Flow/Flow Capacity

Velocity Limited By Friction /
Velocity Limited By Gravity
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n, = Channel Area / (Water Depth)®

Hydrology Index:

I1, = Flow Convergence /
Soil Flow Capacity

Indices at Different Scales for
Different Flood Types

(c) Flow Calculations

Geomorphological

Unit Hydrograph

Unit Hydrgraph, f

Time, t

Convolution

v

Q=f*R

Flow vs. Contributing
Area

Contributing Area, a,

Inundation Extents

FEMA HEC-RAS
models

(f) Machine Learning

Train U-Net Model

Model Evaluation

Area Under Curve
(AUC)

Error Rate
(F1 score)

(d) Flood Database Retrieval

Publicly Available |3

Flood Probability
Map

Runoff Hyetograph

Flow Hydrograph

Publicly Available
FEMA Hydrology

(g) Results

Flood Inundation
Map

Flood Depth Map



Flood Predictor White Paper

Peer Reviewed White Paper:

While

dimensic

Pi theorem formulation of flood mapping

form

Hirnensic

llow &

DUCTION

real-time fas
hile I




Engineering Features: Data Harvesting

elevation (m)
100.92

— saturated hydraullc conductlwty (Ksat)

7.27 23429
7.76 28.00
233 9.17 "Ml 28.23

2.82 10.00 I 91.74

SSURGO Saturated Hydraulic
Conductivity

B 021
N 0.92

NLCD Class

Cultlvated Crops
Woody Wetlands
Emergent Herbaceous Wetland
B Open Water

DeC|duous Forest

. Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous

Developed, Open Space
Developed, Low Intensity
B Developed, Medium Intensity
. Developed, High Intensity
Barren Land

MRLC: Land Cover Classification

Pasture/Hay

NHD flowlines

huc020301050312
huc020301050501
huc020301050311
huc020301050506
huc020301050503
huc020301050504
huc020301050502

NHD: HUC12 boundaries & flowlines

Daymet:

2021 Avg precip
P 3.84 mm/day

Precipitation and PET

. 3.61 mm/day
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Engineering Features: Data Derivatives

Accumulation (sq. m)

. 10e05

10e01

Velacity (based on Manning's eqn)

M 2.86607

W 0.310491

" Distance to stream (m)

I 950.93

0.01

Contributing Area (sq. m)

. 1.6e+08

2.6e+04

Elevation above stream (m)
™ 83.59

I 0.01
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Engineering Features: Dimensionless Features

Flow

Flow Capacity

B 24.4853

N -5.62978

Channel Area
Water Depth?

B 0359171

N -19.6932

Friction Force

Gravitational Force

pi3
B 1.36788

N -6.78599

Recharge

Soil Flow Capacity

B 25.0943

s 0.703959
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Engineering Features: At Different Scales

Local Flow Reaches Wy Distance to stream (Local)
951 m

0.0l m

Distance to stream (Nonlocal)

4363 m

0.01 m

Large drainages/waterways
will differentially impact
flood dynamics.

Flow accumulation defines
scales for flash flooding

Stream orders defines
scales for riverine flooding
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Engineering Features: Flood Type

Flash Flooding Riverine Flooding

Accumulation (sg. m) ‘ \ Peak flows (cfs)
B 10e08 LN I 166710
oD 680

10e00

Flow: contributing area & runoff Flow = measured peak flow rate
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Model Training

Input: Storm
Conditions & Flows

Dimensionless Engineering Features

Hydraulics Index 1

F

Hydraulics Index 2 OOd
—_(w, Predictor

Hyd rau I iCS |ndeX 3 '.. { . —-' Mt input Activation Linit step E n g i n e

Bl Hydrology Index
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Model Predictions

Dimensionless Engineering Features
(Prediction Site)

Hydraulics Index 1

Hydraulics Index 2

Hydraulics Index 3

Hydrology Index

Processing 0-3 Hours
Time

User Defined
Hydrologic
Condition

(e.g. 10%, 1%, 0.2%)

l

Flood
Predictor
Engine

0-20 Minutes

Flood Prediction




SIOROY/c

With Flood Predictor, we can predict
flood risk in real-time that is 85-95%
correlated to physics-based
model results — in a matter of
seconds.

It has shown good accuracy when
compared against actual flooding
events — perfect for early warning and
situational awareness.

the area under curve (AUC) method for accuracy assessment. When
measured as an F1 Score Flood Predictor achieves 87%.



Waverly, Tennessee August 2021 Flash Flood
(Flash Flood Prediction Site)
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Flood Predictor Output, Probability of Flooding



North Fork Kentucky Watershed, Kentucky
(Riverine Prediction Site)
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2022 Preliminary FEMA Flood Predictor Output, Flood Predictor Output,
1% Annual Chance Floodplain 1% Annual Chance Floodplain Probability of Flooding
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SAME - DAMS AND RESILIENCY CONFERENCE
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Section Monitoring - Fiber Optics

~Shonal river No. 1 fold otice

Gage Height (f1)

11/1/2021
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* “The location of the event can be pinpointed with an asset monitoring range of up to 50 km (~31 miles) in
each direction — for a span of 100 km (~62 miles).

» As sensors, the fiber optic cables may be affixed to linear assets or buried/embedded in those same
structures, depending on the aspects, they are intended to monitor (groundwater pressure, deformation,

total stress, temperature, seismic events, leakage, water levels).

P



USACE Pilot Levee Instirumentation Project

American River Levee Upgrade Project

Waterside Landside

BN Extert of SWIF Future without Projoct)
wemwnn Right-of-Way [Future without Project]
N Construction Footprint

Extants of Vegetation Variance (PED)

—/

FO Monitoring of cement bentonite cut-off
wall, currently upgraded.
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SAME

» Pole(PVC pipe)

—

Termination depth

FO cable inside SCCB wall

» Steel clamp
r * Wood board

Termination depth



— DAMS AND RESILIENCY CONFERENCE

SAME
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Data Requirements Fragility Curve

. Past Performance
. Recent levee improvements

. Benefits
. Presence of critical infrastructure

. Levee and foundation characteristics
. Inundation mapping

>Q S 0 Q0 T W

Population at risk

Existing CVFPP fragility curves

Penetrations
Recent penetration rehabilitation efforts

. Anomalies (animal burrow activity, presence of non-permitted penetrations, etc.)



BE PREPARED FOR THE UNEXPECTED
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Flood Predictor Features

v’ delivery in minutes
v fluvial and pluvial flooding

v’ base level, historical, forecast, or
user defined scenarios

v’ depth, water surface elevation,
probability, and extent outputs

v’ average curve number export
v’ streamflow prediction export
v’ coastal flooding coming soon!

DURING

In the lead up to and during the
early stages of a flood event, Flood
response, guiding evacuation efforts,

Martha.Farella@stantec.com



