
Workshop on Climate 
and Disaster Risk 
Finance in the Pacific
17th ς 21st February 2025 

Organized by World Bank and PCRIC, with contributions from:



Exposure 
Modelling in the 
context of Risk
Thompson Auri, Judith Giblin, Orisi  Naivalurua
The Pacific Community (SPC)

James Daniell, Rashmin Gunasekera and D-RAS 
Team (World Bank)



Introduction into 
the need for 
better Exposure 
assessment for 
DRM & DRF



Disaster 
Risk 
Financing 
Protecting 
lives and 
livelihoods



Drivers of Risk

Dynamic Exp,
Displacement



How do we reduce and manage risks in the 
best ways?

What are the risks we face?  (to exposed assets and people)

How severe are theyand how are they changing due to 
urbanization, population change, climate change, etc.? 
(exposure driven in socioeconomic and climate terms)

Where are the risks concentrated?  (often risk -sensitive 
exposure driven)

Which risks mayimpact on development gains the most? 
(exposure needed by development status)

What policies and interventions are needed to reduce and 
manage disaster risk in the most effective ways?
      (needs an understanding of risk -sensitive exposure)



Aim and Process: Disaster Risk Assessments
A quantification of the likelihood (probability) of estimated property, 

infrastructure, monetary or casualty losses caused by adverse natural event 
in a specific area.

Hazard Exposure Vulnerability Impact

Cost to 
Government, 
Business and 

Society

Fatalities, injuries, 
displaced persons

 Damage to 
buildings, 

infrastructure, 
financial loss
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EXPOSURE
DATABASE

The types of exposure 
information that improves 
model outputs

Exposure Information



What is building exposure?

ÅDefined as any human-made building construction, either 
urban or rural i.e. public buildings, residential buildings
ÅThere are 1000s of types and occupancies of buildings often 

making characterisation difficult.

Residential Commercial Industrial
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ÅTransportation
ÅRoad, rail, air and other transport-related networks

ÅLarge Loss Facilities
ÅSports stadiums, marketplaces, churches/temples/mosques, 

schools and other high population density infrastructure

ÅCritical/High -Risk Loss Facilities
ÅHospital and health care facilities, public buildings, 

telecommunications, airports, energy systems, bridges and other 
facilities critical to the recovery of a region post-earthquake

ÅAgriculture, Livestock and Fisheries
ÅOther Lifelines т Utilities, Pipelines etc.
ÅOil, gas and water supply pipelines/distribution systems, 

wastewater and electricity systems

What other elements are at risk?



ÅWe need to collect parameters that are useful for risk 
assessment  as part of the exposure database

ÅGood news: a lot of parameters are useful.. However some are more 
useful than others

ÅImportant:  characterising a group of buildings is often much more 
important than singular buildings for risk assessment as 
uncertainties in hazard and vulnerability at a single building means 
building level assessment is not possible.

But why are we collecting exposure data?



Construction Material + Design

So what is physical disaster vulnerability?
ÅљÉƨƚĦĲƓƣŔĤŔũŔƣǃШŸŉШƣőĲШћĲũĲůĲŰƣƚШċƣШƖŔƚťќШƣŸШƣőĲШĬŔƚċƚƣĲƖШőċǍċƖĬњ
ÅIf a structure is likely to be damaged in an disaster, it has a HIGH 

vulnerability
ÅWhat are the main factors contributing to vulnerability?

Age & 

Condition
Irregularities

Location



But each hazard is different and thus the most 
important exposure parameters change

ÅxĲƣќƚШƣőŔŰťШċĤŸƨƣШƚŸůĲШ
of the most important 
exposure parameters 
for each different 
őċǍċƖĬв

i.e. for earthquake: the wall material, 
engineering quality, building age is 
very important
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Disaster Type Parameters
No. of major damaging events 

per year globally

Flood, Storm Surge, 
Tsunami

Water depth (m), velocity (m/s), and energy, 
flow. Ca. 600+

Earthquake
Intensity, and shaking footprint; Ground 

motion (Sa, Sv, Sd) Ca. 250-300

Landslide Debris volume, displacement Ca. 150

Volcano
Tephra quantity (kPa), pyroclastic flow, lahar 

flow Ca. 50

Wind/Typhoon/Hail
Wind speed (sustained, or gust), Pressure, Hail 

track and hail size (mm), Reflectivity (dBz), 
Kinetic Energy, Saffir-Sampson scale

Ca. 800+

Extreme temperature, 
bushfire, drought Temperature, wind speed, heat output, energy Ca. 1000 (where measured)

But each hazard is different and thus the most 
important exposure parameters change



Modelling 
Exposure 
Pacifically



Project Duration
3 Years

PCRAFI 2 
Project



1. Administrative 
Zones



Administrative Zones
GIS compatible



Administrative Zones
GIS compatible
ÅNames
ÅBoundaries and consistency
ÅCoastlines ok?
ÅFirst pass check with census
ÅAge? Multi-Level



Questions
ÅAre the administrative boundaries consistent in your country?

ÅAre different ministries and entities using the same boundaries?

ÅDo survey, building data and other socioeconomic sets use the 
same aggregations?

ÅHow could consistent admin zones help with other applications?



2. Data Collection 
of Buildings, 
Infrastructure and 
Agriculture Data



Aaaah!           What data to use?
What data?

ÅBuilding statistics 
data

ÅSocioeconomic data

ÅWelfare data

ÅLocal data

ÅExisting Studies

ÅGDP and economic 
data

What data?

ÅHousehold Data

ÅHistoric Census data

ÅSurvey PCRAFI Data

ÅPopulation Data

ÅCritical & Sectoral Data 
(Schools, Health)

ÅOSM, open data

ÅCapital Stock data

Which portals to use?

Is local data needed?

How can it be applied to the 
certain risk context?

Is it available at the scale we 
need it?

Are the parameters present 
that we need? 

Who is collecting / GISing?



First Steps 
Data Reconnaissance
ÅExisting Products т what data 

parameters are available which fit 
with the risk assessment
ÅBeyond Monetary value and use 

category

ÅStructural Type, Age & Height

ÅLocation & Height

ÅRoof Type & Location

ÅStructural Type, Age & Roof Type

ÅLocation & Height



Residential Buildings
Survey, Census, Cadastre

ÅNames, PCODES
ÅTypes?
ÅLocations?
ÅCompleteness?



Non-Residential Buildings
ÅNames, PCODES
ÅTypes?
ÅLocations?
ÅCompleteness?



Infrastructure
ÅNames, PCODES
ÅTypes?
ÅLocations?
ÅCompleteness?



Agriculture
ÅNames, PCODES
ÅTypes?
ÅLocations?
ÅCompleteness?



Overall Process



Buildings, Infra, Ag 
Data Reconnaissance: 2 types
ÅBottom-Up Collection (building by building) vs. Top Down 

Products (aggregated results)
ÅImportant to look at where this stage is done in the exposure 

modelling framework -> learnt this process should be done 
as part of the exposure model build.



Footprint Data
Usually Pacific Islands are not well represented

GloBFP т Che et 
al.



PCRAFI I
Characterised some of the stock (albeit with a few 
issues)



SPC Project т extending PCRAFI I

Å2 types of Data collection (PCRAFI II & PARTneR-2) т asset level & then 
country exposure style
ÅExposure modelling
ÅNexus repository
ÅNational capacity building
ÅPlans for updating SPC exposure models
ÅCurrent SPC initiatives



SPC - What was done initially?
SUMMARY OF SURVEY, DATA PROCESSING & MODELLING  PROCESS



Implementation: Countries 
PCRAFI II partner countries 

Vanuatu Samoa

Solomon Islands Cook Islands

Tonga

In -country Country Activities

üStakeholder Engagement Meetings

üAssets Exposure Data Collection Training 

üAssets Exposure Surveys/Data Collection

üExposure & Hazard Mapping & Analysis 

Training

üConsultation and verification - Exposure 

modelling 



Capacity Building
 



Assets Collected
 



Assets Collected
 



Assets Collected
 



Assets Collected
 



What was done?
SUMMARY OF SURVEY, DATA PROCESSING & MODELLING  PROCESS



Data Acquired
Data Source

Administrative 
boundaries

Humanitarian Data Exchange (p-codes)
Admin boundary layers provided by GIS / Spatial Divisions / Ministries/Statistics Office

Residential buildings Layers from PCRAFI I & II, Census data, Surveys 

Non-residential 
buildings

Layers from PCRAFI I & II, Labor Surveys, PRIF, many other datasets

Infrastructure & 
Utilities
Å Utilities т Water 
Å Utilities т Electricity
Å Bridge
Å Airports
Å Fuel facilities
Å Telecommunications

Samoa: PCRAFI II, Samoa Water Authority, Electric Power Cooperation, Spatial Information 
Agency, Ministry of Works, Transport Infrastructure, Ministry of Finance, Ministry of Tourism, 
Samoa Ports Authority.
Vanuatu : PCRAFI II, GNS, Vanuatu Utilities Infrastructure, OSM, World Airports, NDMO
Tonga: PCRAFI II, Tonga Power Limited, Asia Development Bank, Ministry Of Health, Labor 
And Welfare, Ministry of Lands, Survey, Natural Resources and Environment
Cook Islands : PCRAFI II, Asia Development Bank, Cook Island Pocket Guide, Te Mato Mai 
Solomon Islands : PCRAFI II, Ministry of Infrastructure 

Agriculture Agriculture census, agricultural reports, peer-review papers, Food and Agriculture 
Organization of the United Nations (FAO) agricultural statistics



Questions
ÅWhat are the existing data sources and surveys for your country?

ÅIf needing to produce a survey, what data is complete, what data is 
missing?

ÅWhat regional and global data sources are useful?



4. Ensuring 
typologies and 
taxonomy fits the 
risk 



Adding typologies and taxonomy
ÅWhat is the right taxonomy for each of the sectors?

ÅExisting results and methods compatibility



Building Taxonomy
ÅTo design building classifications, key indicators related to building 

construction, vulnerability assessment and disaster risk management were 
identified
ÅKey attributes:
ÅWall material (e.g. Concrete, Open walled with concrete columns, Steel, Traditional, Wood, etc)
ÅRoof material (e.g. Concrete, Sheet Metal, Traditional, Wood, Other)
ÅBuilding height based on storeys (high-rise 3+, mid-rise 2-3 stories, low-rise was 1 storey)

ÅBuilding model was created to represent key building typologies. Local 
construction standards were validated through expert input and collaboration 
with local stakeholders to ensure accuracy and alignment with real-world 
practices.
ÅUnit Cost of Construction (UCCs)



PCRAFI 1 + 2 
Overview of 
Taxonomy 
and Building 
Counts


