Building Future Urban

Development Scenarios

Into Assessments of Future Flood Risk
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Research Problem

The devastating impact of flood events demonstrates the
need for more comprehensive assessments of future flood
risk in urban policy. Risk assessments based on future
flood projections paired with current urban plans are
missing a key characteristic of the hazard — what will
urban areas in Aotearoa-NZ look like in 2050 or 21007
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Aim
To determine how urban
growth models can be
utilised to generate
alternative long-term
scenarios of future urban

form for integrating into

assessments of future
flood risk.

Research Methods

1. How do methods for modelling urban growth vary across
NZ? Interviews with NZ councils. What are the key issues
identified by urban planners and policy makers? What
would a useful tool for them look like?

2. What is the sensitivity of urban growth predictions to
diverse modelling methods? Model benchmarking using an
NZ urban area experiencing strong growth but also
susceptible to climate hazards.

3. How can a range of urban futures be generated and
Integrated with flood risk models? Simulating a range of
scenarios for future urban development and testing urban

growth model compatibility with RiskScape software.
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Drivers of Urban Growth
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How is Future Urban Form
Modelled?

Evolution of Computational Urban Growth Models

Gravity Regression
Lowry (1964) Linear, Logistic
GWR, MCA
isi Rules based
Detroit (1970)

Statistical Models
Top-down pattern-based
approach, aggregate probabilities
aneral for potential activity determine
Equilibrium (CGE) land allocation.
Sectora | Partial
Equilibrium
GTAP (1987)
IMAGE (1998)

Land-use transport
MEPLAN (1969)
TRANUS (1982)
IRPUD (1982)

CUF (1992)

Los Alamos (1983)
Couclelis (1985)
SLEUTH (1997)

Forrester (1969) DUEM {1999)

Batty (1971)

Cellular Models
Grid representation of space with
cell land-use state determined by
ransition rules based on
neighbourhood dynamics.

Complex systems
Markov Chain

Genetic evolution

Probabilistic
Stochastic (1993)
Fractal (1994)

Constrained
White (1997)

Integrated urban
Dinamica-EGO (2001)
ILUTE (2001)
FUTURES (2003)

CA-Markov Chain
CLUE (1996)
CLUE-S (2002)
Dyna-CLUE (2009)
TerrSet LCM (2010)
GEOMOD (1991)

Agent-based Models
Bottom-up process-based

approach, disaggregate decisions
by agents, market forces

determine land allocation.

Agent-based
SIMPOP (1997)
UrbanSim (2002)
OBEUS (2005)

MOLUSCE (2013)
FLUS (2017)

Fuzzy Rules
Wu (1998)
Batty (1999)

Artificial Neural FCAUGM (2009)

Networks

LTM (2002)
ART-MMAP (2008)
UGB (2011)
SPRAWL (2018)

CA-Agent-based
Metro (Allen)

Hybrid Models
Cellular automata represent
space while statistical and agent-
CA-Other based models determine the

SVM (2008) transition rules.

CA-Logistic
Wu (2002)
Liu & Feng (2012)

CA-MCE

Wu (1998)
SimLand (1998)
CA-ANN
Li (2002)

CA-Patch
Moghadam (2017)

MOLAND (2009)
LUSD-urban (2017)
Gradient (2018)
Random Forest (2019)
PLUS (2021)

Spherical (2023)

Method type for studies with urban growth projections
spanning more than two decades

Agent-Based
AMNM
AMM-Markov
CA

CA-AMNM
CA-Logistic
CA-Markov
CA-Other
Land-Lse Transport
Markov
Multivariate
SLEUTH

2000 2005 2010 2015 2020

What are the advantages and limitations of each method
for long-term prediction and scenario generation?

Goal

A range of possible urban futures that can be coupled with
flood projections to provide a more comprehensive picture
of the uncertainties of future flood risk.
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