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12 Research Units

Geospatial and Location Intelligence Infrastructure Resilience

Studying global, continental, and local disaster
related problems affecting society by utilising
geospatial and location intelligence research
capabilities.

Advancing the field of disaster mitigation by fostering
the scientific community's collaboration for eritical
technology.

Mental health and wellbeing
interventions

Advancing the understanding and effective
implementation of disaster-related mental health,
wellbeing and recovery interventions and programs.

Coastal and Ocean Extremes

Using technology to predict coastal and ocean
extremes Lo mitigate the impacts on human activity.
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Community Resilience and Public
Health

Building our understanding of the social impacts of
disasters and the strategies for individual and
community resilience and recovery.

THE UNIVERSITY OF

MELBOURNE

Dynamic Hazards Mitigation

Supporting the mitigation of the dynamic hazards of
earthquakes, collisions, landslides, rockfalls, wind-
borne debris and hail.

EARTHQUAKE

Mission Critical Communications

Transport and Logistics

Raising awareness and understanding of the
mportance of resilient, interoperable
communications for the public safety markel.

Increasing the resilience of transport networks and
enhance post-disaster humanitarian logistics
practices by developing improved decision support
systems

Key Themes:

Unmanned Aircraft Systems

Developing novel and advanced applications of UAS
technology in disaster management practice.

Hazards, People, Technology

Early warning and forecasting of
geohazards

Developing robust, community-centric early warning
systems for geohazards, with a focus on landslides.

Pillars:

Earth Observations

Advancing the field of earth observation [EOQ) by
leveraging the cutting-edge artificial intelligence [Al)
for precise spatial informaticn applicable to disaster
mitigation.

Flood Management

Improving the accuracy of flood risk estimation for
planning purposes, and our understanding of the
factors that assist our ability to manage floods in real
time.

Research, training, consulting 12



Expanding capabilities to governments and councils
through our fellow University Centres, collaborations and

Py D!
THE UNIVERSITY OF

partnerships MELBOURNE

Multiple Centres at the University of Melbourne including the Centre for Cities

Collaborations with multiple universities including Monash University, Deakin
University, and multiple other Australian and International universities

Collaborative Partnership Agreement with Value Advisory Partners for delivery

Integrated State Government perspectives with Victorian Emergency Services and
Treasury

Collaborative data arrangements with multiple international data agencies bringing
accessibility to data and information.

[Insert Identifier] | [Insert Report Title] Page [13]



* technological disasters
e search and rescue

» coastal erosion

« storm surge and floods
e tsunamis

* see level rise

- climate change extremes *

Likely debris
path over
18 moanths
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Earth Observation Theme: digital capabilities in 1
transforming our access to data

Role of accurate data in smart city development

Share of the population living in urban areas, 2050

Share of the total population living in urban areas, given as estimates by HYDE until 2023 and UN projections
P

through 2050, using the median fertility scenario for future urbanization trends.
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Source: https://doi.org/10.3390/s20041144
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* Urban Planning & Zoning

« Enables precise land use planning, infrastructure development, and zoning regulations based
on actual built environments.

» Disaster Management & Resilience

» Supports risk assessment for floods, earthquakes, fires, and other hazards by knowing exact
building locations and dimensions.

« Transportation & Mobility Planning

* Helps optimise road networks, public transport routes, and pedestrian pathways by
understanding building density and distribution.

* Environmental Monitoring

» Facilitates accurate modelling of urban heat islands, energy consumption, and carbon footprint
Al-generated data based on real building geometry.

Commercial data « Smart City Applications

+ Powers digital twins, Al models, and smart services (like utilities management and emergency
response) that rely on precise geospatial data.

Community-derived data

16



Digital capabilities and intelligent approaches for e
spatial data

MELBOURNE

¢ Computer vision and large language models
Object Large
detection and language

models
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EO Imge data

“Show me all
buildings taller
than 20m
within 100m of
a school zone”

\ Deep Learning model (example: U-Net) /
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Building accessibility:
The need of spatial data and information and o
importance of objects interaction

Spatial information Geospatial and other stakeholders of
spatial information

owners

insurers

esearchers,
consultancieg

o, ) o Y
Ope, Sultancies, induST (!

Stors, public st

public

end-users
mmm key stakeholder primary stakeholder secondary stakeholder
mmm supply perspective mmm user perspective
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A case of urban building footprint inventory e
preparation

MELBOURNE

Focus: Three knowledge gaps identified through a systematic literature review

1. Label displacement error

3. Incomplete data

OpenStreetMap Microsoft Buildings
~75% missing *  ~25% missing

Example: Chatswood, Sydney
Data: 2023

19



Case studies with robust digital models

THE UNIVERSITY OF

MELBOURNE

Accurate Building Footprint Data Extraction
Training model to learn roof, footprint, and its shape

Data preparation Segmentation Model (U-Net with Mulii-axis Vision Transformer as Encoder)
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Making historical data readily accessible:
Case study from global south with digital models

Informal settlement growth in disaster-prone cities

San Martin

— Informal

s . Setilement
o2 15m radius TN

Buildings
I -

Footprint
Disaster Affected

D Buildings Footprint
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Meters

Area differences

B 2006 - 2000

B 2008 - 2006

B 200 7o - 2008

B 2017505 - 201 Tpee
2021
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Multimodal Remote Sensing Dataset for Landslide Change Detection in Haiti

Citation Author(s): BRALET Antoine (& (USMB - LISTIC) 1283 views
TROUVE Emmanuel (% (USMB - LISTIC)

=1 409 downloads
CHANUSSOT Jocelyn @ (Univ. Grenoble Alpes, Inria, CNRS, Grenoble INP, D

LK) Categories: Artificial Intelligence
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Data Format: * tif Keywords: Landslide; Remote Sensing; Deep Learning; Change
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ABSTRACT DATASET FILES

The detection of the collapse of landslides trigerred by intense natural hazards, such as earthquakes and rainfall, allows rapid response to hazards which =

turned into disasters. The use of remote sensing imagery is mostly considered to cover wide areas and assess even more rapidly the threats. Yet, since optical [::;[ Pre_event.tar.gz (Size: 580.86 MB)
images are sensitive to cloud coverage, their use is limited in case of emergency response. The proposed dataset is thus multimodal and targets the early

detection of landslides following the disastrous earthquake which occurred in Haiti in 2021. It consists of SAR-optical pairs from Sentinel-1 and Sentinel-2 [ﬂj Post_event.tar.gz (Size: 588.08 MB)

acquired shortly before and after the event. To encourage for machine and deep learning algorithms, the images are cropped into 1713 patches. Since
Sentinel-1 SAR images are acquired both in ascending and descending passes, twice more patches are available in this modality. Due to the mountainous
nature of the terrain, the images are prowded together with a layover-shadow mask computed as described in [Meier et a/, 1993]. This mask is destined to
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Geo-games community preparedness for pre- and post- LV%
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disaster scenarios

Literature
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Research gap
Rural communities
Nepal, students
Awareness, Prevention

e e e T

Selection of
schools and
teachers

18 schools
36 teachers

! 1
I
1 Snakes and Ladders for :
: Landslides :
f:s'i:: : | Testing
1
Picture Stor
= wotksh.ops I:? for Fire ! :=D 70
Selecting ! ! students
games and : I
) 1
adopting 1 Relay Race .
them for : for Earthquake 1
disaster | Awareness !
o "
situations | _ _ _ ____________ Improving,
Updating
based on the
feedback

— SNAI(ES {2 LADDERS

,;.RES:.‘M’ .‘
Fos P

THE UNIVERSITY OF

MELBOURNE

Research from lowa State University
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INCREASING UNCERTAINTY, EXPOSURE AND
VULNERABILITY TO NATURAL HAZARDS

Response & Relief EMERGENCY
<=9 Restitution MANAGEMENT &

DISASTER RECOVERY

of all expenditure on disasters
goes to funding immediate
relief & recovery

Emergency Management
Strategic policy/ planning
(e.g. preparedness)

25
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VULNERABILITY TO NATURAL HAZARDS
Response & Relief

“ INCREASING UNCERTAINTY, EXPOSURE AND

Emergency Management e
Strategic policy/ planning s Restitution

(e.g. preparedness)

Recovery for Resilience

Resilience, DRR and adaptation
policy, planning & design

Assets and Infrastructure Funding & Decision Making

Resilience Risk & Funding Assurance

Systemic Portfolio Assessment for Resilience:
@ Hazards, Assets Impacted, Vulnerability, Value Outcomes
PARTNERS — I.

EMERGENCY MANAGEMENT &
DISASTER RECOVERY

PLACE-BASED CLIMATE RISK
INFORMED DEVELOPMENT &
RESILIENCE SERVICE NEEDS

SYSTEMIC
INFORMED
RISK MANAGEMENT




Building an evidence base:
understanding hazard risks,
prioritising DRR options and
connecting pathways to delivery
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INCREASING UNCERTAINTY, EXPOSURE AND
VULNERABILITY TO NATURAL HAZARDS /

Response & Relief

EMERGENCY
MANAGEMENT &
DISASTER RECOVERY

Emergency Management
Strategic policy/ planning | i
(e.g. preparedness)

Restitution

Recovery for Resilience

policy, planning & design PLACE-BASED

CLIMATE RISK
INFORMED
DEVELOPMENT

Assets and Infrastructure Funding & Decision Making

Resilience Risk & Funding Assurance

Resilience, DRR andladaptation |

Systemic Portfolio Assessment for Resilience: SYSTEMIC

m INFORMED
Hazards, Assets Impacted, Vulnerability, Value Outcomes RISK MANAGEMENT

VALUE ADVISORY
PARTNERS

Evaluating
the risk
context

Assessing and
prioritising
the options

Connecting
pathways to

delivery

Map assets in place to show interdependench
of systems and infrastructure

Community vulnerability and capacity to cope

Overlay climate hazards to visualise risk and
potential broader impacts

Decision-support to integrate data, analytics,
and climate scenarios for the resilience
investment options

Dynamic, real-time assessment of options,
including prioritisation and bundling for
potential funding and delivery

Targeted assessment of options in a business
case context

Implications for risk, benefits, costs, and
funding and delivery pathways

Outcomes for communities and the economic,
social and environmental conditions

27



The Enabling Resilience Investment Framework

ATTRIBUTES OF THE ERI FRAMEWORK

Outlines the phases, modules, provi

Inclusive and systems-based framework

BENEFITS OF THE ERI FRAMEWORK

ding quantifiable outcomes |

components, and processes required
for disaster risk reduction

Develops collaborative & coordinated

partnerships

Enables the creation of adaptive

Assesses mitigated disaster
& financial riskJ

spaces, options and pathways for
increased capacity to cope

Delivers enhanced community

benefits & beneficiaries

with disasters

New value creation & funding strategies

to fund well-adapted and
disaster-resilient futures

Helps create value for communities,
build resilience investment cases, and

Addresses the economic
prepare for funding and financing

in adaptation, disaster risk reduction and resilience

assessment of investments

4

VALUE ADVISORY
PARTNERS
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PLACE-BASED CLIMATE RISK
INFORMED DEVELOPMENT &
RESILIENCE SERVICE NEEDS

Policy environment

Resilience and adaptation

strategy

_’_
T —

-

Devel
Investment

T
Investment
Casel

Intervention
1

Intervention
2

Intervention
3

Intervention
4

~

4 N
Funding environment

ERC/Budget

Decision Environment

bp-the
logic locally
Resilience

Investment
Case 2

Intervention
4

Intervention
5

Intervention
6

Intervention
7

Decision Support System

Delivery timing Probable loss / damages

Opportunities for value

AvrnnadkiAan

Beneficiaries

© 2018-2025 Value Advisory Partners
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Hazard impact scenarios Cashflows
\§

Private investment
N

\,

4 N\
Delivery environment

Approvals

Advocacy Support

Land tenure /
Ownership
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Outcomes from the ERI Project for Bega Valley Shire Council

Key Challenges

Transformative approaches
for ERI

Project Outcomes

Existing planning frameworks reactive,
asset-focused, short-term, and don’t
adequately address climate risk

Input from broader stakeholders (internal
and external) is constrained

Increased frequency and intensity of
multiple hazards exposing systemic
vulnerabilities

Limited internal processes to prioritise
resilience and future-proof infrastructure
investments

Constrained funding, growing community
expectations

Need for more objective and evidence-
based way to evaluate costs and benefits,
and prioritise asset investment

© 2018-2025 Value Advisory Partners

ERI Co-design
Process

®

Resilience Investment
Cases

AEN
\ @

RICE Tool

Participatory workshops with 30+ council staff and external
stakeholders built shared understanding of values, risk, and
resilience objectives

ERI Manual & Rivermap: step-by-step adoption guide and visual
journey supports ongoing ERl implementation and enhanced
organizational capability

Development of two case studies: Resilient Transport Corridors, and
String of Sapphires Coastal Connectivity

Clearer rationale for resilience intervention actions reflecting short-
and long-term hazard risks addressing specific service needs

Common framework for decision making allowing dynamic options
assessment in real time

Facilitating bundling and sequencing of interventions into adaptable
investment pathways and targeted funding proposals

State funding secured for Cuttagee Bridge — one of the interventions
in the Resilience Investment Cases




Click to see the video
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Enabllng Resilience Investment
in the Bega Va.lley-

Best Usé of Data Innovation



https://youtu.be/bkqYnEMQC_4

Resilience anc
Disaster Risk
Reduction
Landscape

The Landscape provide
for comprehensive
solutions that integrate
hazards, assets and
infrastructure,
community
preparedness, strategic
risk reduction and
investment.

32
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Enhanced Improving community Integration of
Infrastructure | preparedness Indigenous,
Resilience within for businesses, o Cultural

climate change organisations, and

and scenarios - ' councils, and Environmental
S ' [oI=To] o] [) Considerations
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04. 05.

Improved Reducing 7
Nazgd sy Phlsas’rer: K e Increqsiné resilience
modelling, roug : )
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& visualisation exposure N emergency response
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&interventions 2
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Strengthened ey &/
Resilience : P
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Governance

Planning «” Funding and Structures &

including { Financing Delivery Models for
options \\ Pathways Funding Resilient
prioritisation through Infrastructure

and pathways infegrated Dynamic
; Resilient Infrastructure
optimisation
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