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Objectives
1.  Create & validate a tool to aid local governments in equitable climate adaptation
2.  Model a cities transport network in pre and post hazard scenarios
3.  Evaluate how demographic groups access to essential services is changed after a 
natural hazard event and highlight any inquities that arise
4.  Highlight geographical regions that are ‘cut-off’ from essential services following 
a natural hazard event

Background
Our communities are under pressure from increasingly severe natural 
hazards, exacerbated by climate change and social injustices. National and 
local governments worldwide must future proof their cities by building 
resilience. For example, Christchurch has 25,000 households exposed to 
coastal inundation within the next 100 years. We know that residents with 
good and equitable access to resources and opportunities will develop and 

recover faster than those without.1 

We utilise open source data and software to provide a tool and methodology 
to evaluate the access resilience of a city, support councils as they prioritise 
investment that maximise equity and minimise vulnerability and exposure.

Method

Infrastruc-
ture Type

Hazard Type Exposure 
Level

Post Haz-
ard Prob-
ability of 
closure

Road Earthquake Liquefac-
tion

Low 5%
Medium 30%
High 75%

Tsunami/Hurricane 
Inundation

Low 10%
Medium 40%
High 80%

Earthquake induced 
tsunami (multi hazard 
scenario)

Low 15%
Medium 45%
High 85%

Building Earthquake Liquefac-
tion

Low 10%
Medium 33%
High 80.5%

Tsunami/Hurricane 
Inundation

Low 40%
Medium 80%
High 97.5%

Earthquake induced 
tsunami (multi hazard 
scenario)

Low 45%
Medium 85%
High 99%

Fragilities
Table 1: Fragility bounds for roading and building infrastruc-
ture under different hazard types and exposures2

Implementation

Christchurch 1 in 2500 
year Tsunami

500km of inundated, 
unusable roads

17,000 people isolated 
from supermarkets, health 
care, and education

Applicability
This tool has been designed for decision makers to quantify the 
resilience of a city’s access. Engagement with local councils around 
New Zealand has suggested that this tool could prove valuable in the 
following areas:

• Pre and post disaster investment
• Vulnerability assessment
• Community engagement
• Policy analysis

This tool provides novel opportunities for: cascading infrastructure 
failure analysis, optimising access to critical assets, promoting 
equitable recovery strategies and communities.
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1: Overlay

Transport Network
 
Essential Services

Demographics

2: Calculate Access
Using Python and Open Street 
Map, evaluate access to the 
given services. Refine this by 
analysing each blocks distance 
to their nearest service

3: Simulate Hazard
Simulate a hazard 
and determine 
which roads and 
services are no 
longer operable 
based on fragilities 
in Table 1.

4: Hazard Access
Remodel the road 
and service network 
based on step 3. 
Calculate new access 
distribution.

5: Calculate Equity & 
Visualise

Repeat x1000

Evaluate the resulting access 
distribution with the Kolm-
Pollock EDE1 (the mean value 
penalised by inequity). Plot 
geographic results to highlight 
vulnerabilities.

To demonstrate the tool three cities were chosen as 
case studies (Christchurch, Seattle, & Houston).  
Interactive results are on our website:  
apps.urutau.co.nz/access_resilience

Seattle
Hazard: Liquefaction

Houston
Hazard: Hurricane Inundation

Figure 1: (a) Seattle Choropleth Map for Health Care 
Access. (b) ECDF & EDE

Figure 2: (a) Houston Choropleth Map for Supermarket 
Access. (b) ECDF & EDE
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