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STANTEC CAN 

PREDICT THIS.
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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.

Why is this important?
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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.

What is Flood 
Predictor?
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Flood Predictor Benefits

✓ Speed - predictions made in minutes

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

✓ Validity - leverages and aligns to most recent FEMA data

✓ Scalability - flood risk anywhere, even unmapped areas

✓ Versatility – base level, user defined, historic, forecast, & 

future conditions
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Flood Predictor White Paper
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Peer Reviewed White Paper: 

https://arxiv.org/pdf/2211.00636.pdf



Engineering Features: Data Harvesting
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USGS: Digital Elevation Model MRLC: Land Cover Classification Daymet: Precipitation and PET

NHD: HUC12 boundaries & flowlinesSSURGO: Saturated Hydraulic 

Conductivity



Engineering Features: Data Derivatives

10



Engineering Features: Dimensionless Features
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𝐹𝑙𝑜𝑤

𝐹𝑙𝑜𝑤 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐹𝑜𝑟𝑐𝑒

𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑜𝑟𝑐𝑒

𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝐴𝑟𝑒𝑎

𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑝𝑡ℎ2

𝑅𝑒𝑐ℎ𝑎𝑟𝑔𝑒

𝑆𝑜𝑖𝑙 𝐹𝑙𝑜𝑤 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦



Engineering Features: At Different Scales
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• Large drainages/waterways 

will differentially impact 

flood dynamics.

• Flow accumulation defines 

scales for flash flooding

• Stream orders defines 

scales for riverine flooding

data derivatives

data derivatives



Engineering Features: Flood Type
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Flow: contributing area & runoff Flow = measured peak flow rate
𝐹𝑙𝑜𝑤

𝐹𝑙𝑜𝑤 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

Riverine FloodingFlash Flooding



Model Training

14

Machine Learning Training

Hydrology Index

Dimensionless Engineering Features

Hydraulics Index 1

Flood 

Predictor 

Engine

Maintained and 

updated regularly

Output: Flooding 

(FEMA 

Floodplains)
Input: Storm 

Conditions & Flows

Hydraulics Index 2

Hydraulics Index 3



Model Predictions
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Dimensionless Engineering Features 

(Prediction Site)

Flood 

Predictor 

Engine Flood Probability

Flood Prediction

User Defined

Hydrologic 

Condition 

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

0-3 Hours 0-20 MinutesProcessing

Time

Hydrology Index

Hydraulics Index 1

Hydraulics Index 2

Hydraulics Index 3
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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. Stantec’s Flood Predictor has an accuracy of prediction rate of 98% using 

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)

(Prediction Site)

Flood Predictor Output, Probability of Flooding

August '21 Flash Flood Event 



North Fork Kentucky Watershed, Kentucky
(Riverine Prediction Site)

2022 Preliminary FEMA

1% Annual Chance Floodplain

Flood Predictor Output, 

Probability of Flooding
Flood Predictor Output, 

1% Annual Chance Floodplain



Systematic Levee Monitoring Model
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Section Monitoring – Fiber Optics

• “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).



USACE Pilot Levee Instrumentation Project
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Data Requirements

a. Past Performance

b. Recent levee improvements

c. Population at risk 

d. Benefits

e. Presence of critical infrastructure

f. Existing CVFPP fragility curves 

g. Levee and foundation characteristics 

h. Inundation mapping 

i. Penetrations 

j. Recent penetration rehabilitation efforts 

k. Anomalies (animal burrow activity, presence of non-permitted penetrations, etc.) 
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Fragility Curve
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Flood Predictor Features

✓ delivery in minutes

✓ fluvial and pluvial flooding

✓ base level, historical, forecast, or 

user defined scenarios

✓ depth, water surface elevation, 

probability, and extent outputs

✓ average curve number export

✓ streamflow prediction export

✓ coastal flooding coming soon!

Martha.Farella@stantec.com


