Hybrid method for rapid flood
scenario assessment

Why speed matters, what was built and how it may be useful

Dr Andrea Pozo Estivariz, Dr Brad Scarfe, Prof Matthew Wilson, Dr Cyprien Bosserelle, Dr Marwan Katurji,
Prof Fernando Mendez, Dr Emily Lane

@ ‘ . Proudly brought to you by Water New Zealand
0' l '0 UUNWCERSITYOF Ggomatics and Ocean e NESNIIISINES : . water .
AAAAAAAAAAAAAAAAAAAAA New Zealand Sté t 2026 NEW ZEALAND s
CANTERBURY .0 mw NEWZERLAND =
Whare Wananga o Waitaha 12 - 14 May | NZICC, Tamaki Makaurau/Auckland

ENVIRONMENTAL =

ccccccccccccccccccccccc



About Qwo

ENVIRONMENTAL

Planning Engineering

SHAPING STORMWATER | BUILDING RESILIENCE




owQ DIGITAL ENVIRONMENTS

CATCHMENT DIGITAL
DYNAMICS SOLUTIONS

Understanding how water Automation and digital tools
moves, behaves and shapes that strengthen catchment
catchments understanding

SHAPING STORMWATER | BUILDING RESILIENCE



Today’s agenda

Why speed matters
What was bmlt

1 context What it proves .
3 Catchment  Saen 5 Where it helps
L Results

Motlvatlon

water .

NEW ZEALAND i___/

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Proudly brought to you by Water New Zealand
12 - 14 May | NZICC, Tamaki Makaurau/Auckland



PART 1

The Context
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Obvious Context

« The most frequent hazard in New Zealand
» Highest cost for insurers

« Urban development is in floodplains

« The climate is changing

« Growing exposure of homes, infrastructure
and communities

“wee,  Source: The New,Zealand Herald
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Project Context

ESNZ led 5-year research programme:
Ma te haumaru 0 nga puna wai o0 Rakaihautu ka ora
mo ake tonu Increasing flood resilience across Aotearoa

‘ﬂce: Stuff NZ
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Objective: develop a system to map flood hazard
consistently across the whole country

Research aims:

1.  National flood mapping — PhD in Water Resources
Management

2. Flood risk to the built environment

3.  Societal vulnerability to cascading events

4 Reducing flood risk and adapting to change

i Sogfce:. Stu Jackson i
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AW Earth Sciences ‘ Geomatics and Ocean
Engineering Group
New Zealand UNIVERSITY OF UNIVERSIDAD DE CANTABRIA
CANTERBURY .
Te Whare Wananga o Waitaha ’

Read published paper here!

Journal of Flood Risk Management
April 2026

Canterbury Floods Mayh»2021



PART 2

The Motivation

Stérmwaterzozs water;_;}




Motivation: the modelling bottleneck

2D hydrodynamic models provides reliable flood information
But they are computationally expensive

This make application to ensemble scenario analysis and operational flood prediction difficult

Proudly brought to you by Water New Zealand
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Solution: machine learning

Artificial
intelligence
Hybrid modelling:

combine different approaches to leverage the strengths of each ‘3; Machine o

Hybrid hydrodynamic - machine learning method
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PART 3

The Study Catchment

Stérmwaterzozs water;;_}




Study catchment: Wairewa

Wairewa visit (July 2022)

®Auckland

¥ Wairewa catchment
(rising water in te‘reo, Maori)

Schri
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Ohamilton ' 2Uranga

Owéllington

LAY

®Queenstown

o,
Ounedin Image Landsat / Copernicus

Data SIO, NOAA, U.S. Navy, NGA, GEBCO

Imagery Date: 12/14/2015 _ 1G 318056817
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85 km2 13 Funnel

13 major ﬂooding since Proudly brought to you by Water New Zealand

Catchment Size Shape of catchment Water R \
2010 Stormwater2026 | oo ==

The New Zealand Water & Wastes Association Waiora Actearoa
12 - 14 May | NZICC, Tamaki Makaurau/Auckland



PART 4

ﬂe Method

Froudly brought to you by Water Mew Zealand

water .-
Stermwater2026 ateé_{_’

12 =14 May | NZICC, Tamaki Makaurau/Auckland




Hybrid modelling method

Objective: Build a hybrid model to make rapid flood predictions

Rainfall Inundation map
maximum flood depth and flood extent

4.5

Hybrid model
(hydrodynamic +
machine learning)

—

max water depth
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What the hybrid model learns from

- i Hybrid model
Rainfall and geographic _ TYBHH MOFE1 0 1) dation map (flood extent and maximum flood depth)
characteristics

1 )

Predictor variables Target variables

« Storm variables: Total .‘. . Inundation map: |oc?t?§.f H:)% 42 Classification

rainfall, peak intensity, storm
peakmesps factor o 44/4// »  Flood/non-flood model B
G hi b (threshold=0.1 m)

* eograpnic varianies. > -
sIope,geIeeation, aspect, *  Maximum inundation &g 'How much does the Regression
roughness, total wetness * depth (m) location flood? ' model

\index, distance to river )

Data = Train Machine Learning model
water .
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What the hybrid model learns from

Predictor variables

Storms

o Atmospheric conditions

o WREF rainfall dataset (validated
against the rain gauge network)

o Monte Carlo approach

Geographic variables: slope,
elevation, aspect, roughness, total
wetness index, distance to river

Temporal
characteristics

Spatial
characteristics

Peak intensity
(mm/hr)
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What the hybrid model learns from

Rainfall and geographic
characteristics

Hybrid model

Inundation map (flood extent and maximum flood depth)

I

Predictor variables

« Storm variables: Total

rainfall, peak intensity, storm Vi Y4 J ,/

peaklness factor

« Geographic variables:
slope, elevation, aspect,
roughness, total wetness
index, distance to river

)

|

Target variables

Data = Train Machine Learning model

: . Does the Classification

Inundation map: —p |location flood? =—»
Flood/non-flood model
(threshold=0.1 m) -
Maximum inundation \&_»~” Fow much does the Regression
depth (m) =P location flood? =—» J

i model

Proudly brought to you by Water New Zealand Wa t e r A\\

Stermwater2026 | v

12 - 14 May | NZICC, Tamaki Makaurau/Auckland

ZEALAND ===
aland Water & Wastes Association Waiora Actearoa




What the hybrid model learns from

BG-Flood
Target variables Fast, open-source, inundation model
« Inundation maps: o .
(threshold=0.1 m) o _ N
. Maximum inundation s - hydrologically conqmoned
depth (m) o | DEM from Geofabrics
— £ _ (open-source, automatic
( tool)
serzoo -L.I.-._P [
- .+ .| 50 m resolution model
e .r';.- ";"L “'F‘

1768000 1769000 1770000 1771000 1772000 1773000 1774000 1775000

Pearson, Rose et al., Geofabrics 1.0.0: An Open-Source Python Package for Automatic Hydrological
COﬂd/f/Oﬂlng OfDI:g/.ta/ E/evatlon MOdE’/S fOI‘ F/OOd MOde///ng. Proudly brought to you by Water New Zealand
https.//aithub.com/rosepearson/GeoFabrics Wa t er .

Bosserelle, C.; Lane, E.; Harang, A. BG-Flood: A GPU adaptive, open-source, general inundation hazard St?fmz\m’! a:ther A29d26 N ZEALAND =
model. In Proceedings of the Australasian Coasts & Ports 2021 Conference, Christchurch, New Zealand, T s g
11-13 April 2022. https://github.com/CyprienBosserelle/BG Flood
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What the hybrid model learns from

BG-Flood
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Chosing the machine learning

Data: predictor and target variables

Choose machine learning algorithm

Develop the machine learning model

Random Forest
) XGBoost — -5

S w ,. « SVM

RBFNs

ervnce Lentre

Validation [*& &

ew Zealand

Eﬂi .: | . . - ; ::
g8 TTEee " el

algorithm

Optimisation
and validation

« Accuracy

« Speed

« Training set size

*  Predictor variables

water .
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PART 5

ﬂe Results
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Flood/non-flood prediction

Results: Validation .. oreeoempe,  oretos
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Results

Speed changes the
workflow:

versus hours
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PART 6

ﬂe Contribution
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Contribution: what this enables

Physically informed Data driven Scenario prioritisation

Grounded in robust and Machine learning N8 Simulation of multiple
reliable reference data provides rapid flood scenarios and identification
methods predictions of the critical ones

This is not Al hype, or a replacement of physics based numerical models.
Key Takeaway It is a fast screening approach for more computationally efficient

workflows.

Proudly brought to you by Water New Zealand
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Contribution: what this enables

Policy
Assessments
Studies
Engagement
Funding

Planning

Concept

Detail design
Procurement
Engagement

Consenting

v

P
-
O | Msaa
E Building
e
(7)) RFI
c
(o) Contract
; U management
Design changes
A
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Maintenance

Issue
management

Risk
management

Monitoring

Emergency
response

Forecasting

water .
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Contribution: what this enables

Planning
supporting catchment management
planning, asset planning, flood modelling,
and flood hazard analysis through
filtering and prioritisation of events

D—?lé? Ensemble

flood scenario

Design
understanding critical
flood events to

consider in
engineering design

assessment

=

\ 1

4
N o

Operations

future possibilities in
real-time flood
forecasting and civil
defence planning
and response
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PART 6

Next steps
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What comes next

Methodology transferability

» Local catalogue of storms (spatial rainfall dataset)
« Inundation maps (physics based model)

« Inundation drivers (parametrisation)

« Catchment size

« Spatial resolution

« Initial time and computing effort

Rainfall forecast system
« Test with rainfall forecast data

High resolution hybrid model
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Read published paper here!

Journal of Flood Risk Management
April 2026

Thank you!

Questions? Patai?

Dr Andrea Pozo Estivariz: andrea.pozoestivariz@awa.kiwi

Dr Brad Scarfe, Prof Matthew Wilson, Dr Cyprien Bosserelle, Dr Marwan Katuriji, Prof Fernando Mendez, Dr Emily Lane
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