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Overview 
• What is Geoscience Australia? 

• What is natural hazard risk analysis? 

• Engagement on Disaster Risk Reduction in the Philippines 

• Risk analysis for the Greater Metro Manila Area 

• LiDAR – a foundation dataset 

• Spatial data for hazard modelling 

• Spatial data for exposure information development 

• The Building Geometry Model 

• Summary 
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What is Geoscience Australia? 
• Australian Government Agency within the Department of Industry 

• Use geoscientific information and knowledge for the economic, 
social and environmental benefit of Australia, with an emphasis on: 
• Future energy and resource base for the economy; 

• Providing geoscience input into a range of environmental issues; and 

• Contributing to community safety through monitoring and research into 
natural hazards and climate change and their impact on society. 

• GA partners with the Department of Foreign Affairs and Trade 
(DFAT) – formerly known as AusAID - to bring our capabilities to the 
Asia-Pacific region through the Regional Risk Section in the 
Community Safety Group 
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What is Geoscience Australia? 
• Regional Risk Section engagements: 

• The Philippines 

• Indonesia - The Australia-Indonesia Facility for Disaster Reduction 

(AIFDR) 

• Papua New Guinea 

• Global Assessment of Risk – UNISDR 

• Global Earthquake Model 

• Natural hazard modelling training workshops (IGC - August 2012) 
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What is natural hazard risk analysis? 

Emergency Management cycle: 

PREVENT 
AND 

MITIGATE 

PREPARE 

RESPOND 

RECOVER 

Disaster Risk Reduction: 

IDENTIFY 

ASSESS MITIGATE 
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What is natural hazard risk analysis? 
• Calculation of the direct and indirect effect of numerous natural 

hazard events on: 
• The built and natural environments 

• People and communities 

• The economy 

• Risk can be expressed in terms of: 
• Physical damage to buildings and infrastructure 

• Economic losses (both direct and indirect) 

• Casualties and societal effects 

• Risk analysis requires information on: 
• Hazard 

• Exposure 

• Vulnerability 
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What is natural hazard risk analysis? 

Earthquake 
Tsunami 
Floods 

Cyclones 
Bushfires 

Landslides 
Volcanoes 

Engineering 
Economic 

Social 

People 
Buildings 

Businesses 
Infrastructure 

Lifeline Utilities 
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Engagement on Disaster Risk Reduction in the 
Philippines 

Source: http://www.flags.net/ 
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Engagement on Disaster Risk Reduction in the Philippines 
– A Pilot Earthquake Impact Study (Iloilo City) 
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Engagement on Disaster Risk Reduction in the 
Philippines – Typhoon Ondoy 

Source: UN-ISDR (2011) 
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Risk analysis for the Greater Metro Manila Area 

• “Enhancing Risk Analysis Capacities for Flood, Tropical Cyclone 
Severe Wind and Flood for the Greater Metro Manila Area” 
 
 

 
 

• Collection and management of high-
resolution digital elevation data 

• Development of exposure 
information for the Greater Metro 
Manila Area 

• Development of hazard models and 
associated risk analyses for: 

o Flood (Pasig-Marikina River Basin) 

o Tropical Cyclone Severe Wind 
(typhoons impacting on GMMA) 

o Earthquake (emanating from the West 
Valley Fault) 
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Risk analysis for the Greater Metro Manila Area 

Population of Greater Metro Manila Area: approx. 13,720,000 

5 km   
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Risk analysis for the Greater Metro Manila Area 

Population of Canberra: approx. 353,000 

5 km 

Population of Manila: 
approx. 13,720,000 
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LiDAR – a foundation dataset 

• Pre-2011 elevation data for GMMA: 
• 3” SRTM data 
• Unsuitable for detailed hazard 

modelling 

• Elevation data for GMMA in 2011: 
• LiDAR data collected over area 
• 1 metre resolution DEM and DSM 

from LiDAR 
• Well suited to detailed hazard 

modelling and spatial analysis of 
urban environments 

• Imagery for GMMA in 2011: 
• 0.25m aerial imagery 
• Colour + infra-red 

Digital Surface Model High resolution aerial imagery 
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Spatial data for hazard modelling 

• Flood Hazard modelling 

• LiDAR DSM used to determine 
catchments and sub-catchments 

• Improved accuracy in elevation 
permits better estimate of depths 
for various flood events 

• Length and slope of channels 
measured from LiDAR DEM and 
imagery 

• Cross section data across 
waterways used to estimate river 
bed elevations 
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Spatial data for hazard modelling 

• Severe Wind Hazard modelling – topographic multiplier 
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Spatial data for hazard modelling 

• Severe Wind Hazard modelling – terrain and shielding multiplier 

• Land cover affects wind speed 

• Traditionally mapped by classification of 
remotely sensed imagery 

• Used NDVI values to define areas with 
vegetation 

• DSM from LiDAR used to ‘slice’ vegetation 
into classes according to height 

• For non-vegetated areas, DSM used to 
determine classes for built up areas 

• Reclassified rasters combined with polygons 
of water areas 

• Shielding multiplier derived from LiDAR DSM 
in built up areas only (tall buildings etc.) 
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Spatial data for hazard modelling 

• Earthquake Hazard modelling – supporting paleoseismic studies 

• Historical movement along a fault can 
help determine frequency of earthquakes 

• Mapping and analysis of samples (e.g. 
dating of organic material) across  fault 
profile helps describe movement history 

• High resolution elevation data is helpful 
for locating a fault and determining 
suitable sites for opening of trenches 

• Three trenches opened after site 
determination, aided by interpretation of 
the LiDAR DEM and DSM 
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Spatial data for hazard modelling 

• Earthquake Hazard modelling – site class 

• Topographic gradient can help to 
understand seismic site conditions 

• DEM data used to estimate time-
averaged shear velocity to 30m depth 
(Vs30) 

• LiDAR DEM improved on estimates 
made from SRTM data 

• Improved definitions of transition between 
sedimentary basins and steep slopes  
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Spatial data for hazard modelling 
• Example outputs of hazard modelling 
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Spatial data for exposure information development 

Physical Location, Size and Shape 

EXPOSURE 
DATABASE 

Building and 
maintaining an 
integrated, centralised 
and spatially-enabled 
database is the most 
effective way to 
manage exposure 
information 

RISK 
ANALYSIS 

$ Economic Characteristics 

Demographic or Social Characteristics 

Structural Characteristics 

Construction Period 

Land Use 

Land Ownership 

Administrative Area 

HAZARD 
MODELS 

 

VULNERABILITY 
MODELS 

MOSTLY SPATIAL 



Using Spatial Information For 

Natural Hazard Risk Analysis Of A Megacity 

Spatial data for exposure information development 
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Spatial data for exposure information development 
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Spatial data for exposure information development 
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Spatial data for exposure information development 
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Spatial data for exposure information development 
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Spatial data for exposure information development 

Result: Most detailed land use mapping 
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Spatial data for exposure information development 

• Sources of evidence: 

• Mask feature classes for LiDAR 
processing 

• Regional government spatial datasets  

• Local government databases (spatial 
and non-spatial) 

• Previous natural hazard studies 

• OpenStreetMap 

• Wikimapia 

• Aerial imagery interpretation 
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Spatial data for exposure information development 

Estimate of construction era per polygon 
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Spatial data for exposure information development 

• At this point in the process: 
• Areas capable of supporting development 
• Actual land use 
• Construction vintage 

 

 

 

• Challenges of quantifying the buildings: 
• Large number of buildings 
• Limited existing data on building location and size 
• Limited access to records on building 

construction 
 

 

 

• How then to quantify buildings: 
• By count? 
• By Floor Area? – preferred approach for exposure in Australia 
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Spatial data for exposure information development 
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Spatial data for exposure information development 

Calculating floor area 
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Spatial data for exposure information development 

Height of all elevated features (DSM – DEM) 
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Spatial data for exposure information development 

Extent of vegetation from NDVI analysis 
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Spatial data for exposure information development 

Result: Height of roof surfaces above ground 
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Spatial data for exposure information development 
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Spatial data for exposure information development 

Inter-Storey Heights: 
 
Converting height values to 
estimated number of storeys 

Typical residential building Typical commercial building 
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Spatial data for exposure information development 

Result: Floor Area estimate per polygon 
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The Building Geometry Model 
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The Building Geometry Model 

• Requires ArcGIS 10 (with 
Spatial Analyst extension) 
and Python 2.6 

• Python code is open source 

• Users can modify as needed 

• Much faster than feature 
extraction from point cloud 

• Produces various useful 
intermediate datasets 
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The Building Geometry Model 

http://www.ga.gov.au/metadata-gateway/metadata/record/75459/ 
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Spatial data for exposure information development 

Result: compiled exposure information per polygon 



Using Spatial Information For 

Natural Hazard Risk Analysis Of A Megacity 

Spatial data for exposure information development 

Building 
Density 

Percentage of land 
covered by buildings 

0% 

100% 

Determined from 
Building Geometry 

Model 

Landsat data supplied by the U. S. 
Geological Survey and distributed by 
Geoscience Australia for the IFCI 
project under the Creative Commons 
Attribution 3.0 Australia Licence. 
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Spatial data for exposure information development 

Land Use 
classification Prepared using 

existing data and 
local knowledge 

Landsat data supplied by the U. S. 
Geological Survey and distributed by 
Geoscience Australia for the IFCI 
project under the Creative Commons 
Attribution 3.0 Australia Licence. 
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Spatial data for exposure information development 

Era of Construction 
mapping Determined from 

Landsat Time-Series 
Analysis 

Landsat data supplied by the U. S. 
Geological Survey and distributed by 
Geoscience Australia for the IFCI 
project under the Creative Commons 
Attribution 3.0 Australia Licence. 

Validated with local 
knowledge 
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Spatial data for exposure information development 

Population 
Density 

People per km² 
0 

100,000 

Determined from 
estimates of people 
per m² of floor area 

Landsat data supplied by the U. S. 
Geological Survey and distributed by 
Geoscience Australia for the IFCI 
project under the Creative Commons 
Attribution 3.0 Australia Licence. 
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Summary 

• Foundation spatial data is a crucial input for modelling 
natural hazards and development of exposure information 

• Many challenges for characterising the elements at risk in a 
megacity such as the Greater Metro Manila Area 

• High resolution elevation data and imagery has had, and will 
continue to have, significant benefits for risk analysis 

• Open source analysis methods such as the Building 
Geometry Model are helpful for rapidly quantifying aspects of 
the built environment 
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Summary 
http://www.ga.gov.au/about-us/news-media/latest-news.html 



Phone: +61 2 6249 9111 
Web: www.ga.gov.au 
Email: feedback@ga.gov.au 
Address: Cnr Jerrabomberra Avenue and Hindmarsh Drive, Symonston ACT 2609 
Postal Address: GPO Box 378, Canberra ACT 2601 

Thank you 
Any questions? 
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