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Urban heat island is recognized 

as one of the leading 

environmental issues of the 

21st century cities 
(Memon, Leung, & Chunho, 2008)

The urban heat island (EPA, 2008)
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Seniors are widely recognized as a heat vulnerable population 
(Kestens et al., 2011)
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Case study: The Hague

• 27 July 2018 hottest 

day in The Hague
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Motivation
 Surveillance and alertness needs to be improved when responding to events of 

heat stress

 More insight into:

 indicators

 Vulnerable groups and places
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Goal
Model the risks of urban heat islands for the ageing 

society in the city of The Hague
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Research questions

How to model the urban heat related risks for the ageing 
society in the city of The Hague? 

• Indicators?

• Framework?

• Where?

• Spatial resolution?
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Risk

• Crichton’s triangle of risk (Morabito (2015), Tomlinson(2014))

– Hazard layer

– Vulnerability layer

– Exposure layer

• Each layer contains 1 or more indicators of risk
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Layer structure

• Based on Crichton’s 

triangle of risk

• Equal weights
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What is a spatial data layer

• Identifies the geographic location of features and boundaries 

on Earth

• Stored as coordinates and topology

• Data that can be mapped
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Implementation
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HAZARD

• Physiological Equivalent Temperature 

• Indoor temperature

Collection 

of data

Defining 

layers

Weights of 

layers

Creating 

index

Validate

index
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Physiological Equivalent Temperature 
Collection 
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Collection 

of data

Defining 

layers

Weights of 

layers

Creating 

index

Validate

index
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Locations
Building 
models

Simulation
Temperature 

maps
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Collection 

of data

Defining 

layers

Weights of 

layers

Creating 

index
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index
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Three timestamps:

04.00 in the morning

14.00 in the afternoon

24.00 at night
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Indoor temperature

• Quby Sensor inside homes

• Measured per neighbourhood
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Quby
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Three timestamps:

04.00 in the morning

14.00 in the afternoon

24.00 at night
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EXPOSURE
Collection 
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• Population density
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VULNERABILITY

• People aged 75 years and older

• Loneliness amongst the elderly
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Spatial resolution

• 5 indicator layers

• 100 meter by 100 meter grid
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• Physiological equivalent 
temperature

• Indoor temperature

• The amount of elderly (75+)

• Loneliness amongst elderly

• Population density
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Spatial risk layers
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Heat
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Analytical Hierarchy Process

• Assign weights to indicators

• Most popular approach in GIS studies (Chen et al.,2009)

• Analysing complex decision problems under multi-criteria

Expert judgements gathered

Pair-Wise Comparison Matrix

Collection 

of data

Weights of 

layers

Creating 

index

Validate

index
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layers
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Questionnaire

• 5 experts, 1 questionnaire

• 5 indicators

• Indoor temperature added later 

Collection 

of data

Weights of 

layers

Creating 

index

Validate

index

Defining 

layers
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Age(75+)
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• 2 sets of indicators

• Two Analytical Hierarchie Processes to determine weights

Collection 
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Indicator weights

Set-2 Set-3

Indicator Weight

PET 47.4%

Elderly (75+) 30.5%

Loneliness amongst 

elderly

14.5%

Population density 7.7%

Indicator Weight

Elderly (75+) 39.6%

Indoor temperature 35.7%

Loneliness amongst 

elderly

16.1%

Population density 8.6%

Collection 

of data

Weights of 

layers

Creating 

index

Validate

index

Defining 

layers
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Recap

• 5 indicators:
– Physiological Equivalent Temperature

– Indoor temperature

– Being 75+

– Population density

– Loneliness amongst elderly

• Set-2 & Set-4: 
– Two types of HERI maps: HERI-2 and HERI-3
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Overlay indicator layers
Normalizing values in the layers (0-1)

..%
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*
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Layer containing indicator

Layer containing indicator

Layer containing indicator

Layer containing indicator

*

..%

..%

..%

Multiply with given weight Adding the layers together
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Results

• HERI maps for three timestamps:

– 04.00 morning

– 14.00 afternoon

– 24.00 midnight
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Set-2
Collection 

of data

Weights of 

layers
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index
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Normalizing values in the layers (0-1)

47.4%

*

*

*
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HERI-2 map 04.00 morning

+
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HERI-2 map 14.00 afternoon

+
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HERI-2 map 24.00 midnight

+
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Set-3
Collection 
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Normalizing values in the layers (0-1)

35.7%

*

*

*
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Indoor temperature

Elderly (75+)

Loneliness amongst 
elderly (75+)

Population density

*

39.6%

16.1%

8.6%

Multiply with given weight Adding the layers together
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HERI-3 map 04.00 morning
Defining 

layers

Weights of 

layers

Creating 

index

Validate

index

Collection 

of data

Introduction – Theory – Implementation – Results – Conclusions – Recommendations



40

HERI-3 map 14.00 afternoon

+

Defining 

layers

Weights of 

layers

Creating 

index

Validate

index

Collection 

of data

Introduction – Theory – Implementation – Results – Conclusions – Recommendations



41

HERI-3 map 24.00 midnight
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Validation
Defining 

layers

Weights of 

layers

Validate

index

Collection 

of data

Creating 

index
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Bivariate Pearson Correlation
Defining 

layers

Weights of 

layers

Validate

index

Collection 

of data

Creating 

index

Introduction – Theory – Implementation – Results – Conclusions – Recommendations



44

Independent samples t-test
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Conclusions

What are the indicators that influence the heat related health 

risks the elderly population is being exposed to?
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Conclusions

What framework is most applicable for analysing the urban 

heat related risks for the elderly?
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Conclusions

Where in The Hague are the elderly population affected the 

most by urban heat islands?
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Conclusions

What spatial resolution is most appropriate to visualize the 

urban heat related risks for the elderly population?

Introduction – Theory – Implementation – Results – Conclusions – Recommendations



49

Discussion

• The spatial resolution

• Only three moments 

• PET

• Weights of the indicators

• Inclusivity 

• Validation 
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Future work & recommendations

• More research on indicators

• More inclusive index

• Create heat index for other extreme age group

• Dynamic viewer

• Less costly -> other software
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Thank you
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