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Nation-wide heat hazard: a whitepaper for the creation of 

satellite derived data localised by postcode for Great 

Britain 

 
 
Abstract 
 

Extreme temperature events, including heat 

waves are becoming increasingly common 

across the world. Combined with increasing 

pressure and growth of urban environments, the 

risks associated with heat events are 

increasingly important to understand.  

 

Land Surface Temperature (LST) data captured 

using thermal sensors on satellites provides a 

consistent, objective, and global data source for 

understanding the impacts of heat and 

associated phenomena such as the Urban Heat 

Island (UHI) effect. To ensure that this data can 

be widely accessed, a method has been deployed 

that combines satellite derived LST data from 

several different dates over 3 summers (2017, 

2018 and 2019) and outputs a hazard score. 

Each location is ranked on a scale of 1 to 5, with 

1 showing previous heat events having a low 

impact, and 5 showing previous heat events 

having a high impact on surface temperature 

compared to the surrounding area. The data has 

been made available free of charge throughout 

Great Britain at a postcode level for use by 

government organisations, emergency 

responders and health services during the 

summer of 2020 to support planning and 

mitigation strategies during the COVID-19 

pandemic. 

 

 
The importance of understanding 

land surface temperature 
 
Land surface temperature (LST) is a 

measurement of the temperature of the Earth’s 

surface. Understanding LST can help to inform 

how hot or cold a specific location is, relative to 

its surroundings. This has been applied in 

numerous ways to understand the interaction 

between land and atmosphere, and how this is 

changing over time. 

 

Within the context of urban environments, LST 

can be used to measure the Urban Heat Island 

Effect. An Urban Heat Island (UHI) is a 

metropolitan area that is warmer than the 

surrounding areas. Heat is generated by people, 

 
 

 

Figure 1: Heat Hazard by postcode represented geographically 
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vehicles and buildings. Materials used in city 

construction are effective insulators, therefore 

heat generated by human activity is retained, 

elevating urban temperatures by an additional 3-

4 degrees Celsius in comparison to surrounding 

non-urbanised areas. 

 

Elevated urban temperatures can have a 

significant direct impact on people’s health and 

wellbeing. Research funded by the Department 

of Health in the UK indicates that over 7,000 

people could die from the effects of urban heat 

waves per year by the 2050s1. The UHI effect can 

also impact air and water quality, and demands 

for energy, with implications for carbon neutral 

targets, public health, strategic planning and city 

resilience. 

 

Within the context of emergency planning during 

a summer heat wave event, there is a need to 

understand which sections of the population are 

most at risk, and where they are, so that 

effective planning and response measures can be 

put in place. Understanding differences in LST in 

a straightforward and concise way can help 

support highly effective and targeted mitigation 

measures to be put in place. 

 

Utilising satellite technology 
 

The primary input for a heat hazard product is 

satellite imagery. This data has been used to 

derive Land Surface Temperatures over the 

whole of Great Britain. 

 

Earth observation satellites provide the 

capability to capture contiguous data over large 

areas of the Earth’s surface on a frequent basis. 

Satellite data from NASA's Landsat 8 OLI TIRS 

imagery archive is publicly available and has 

been used by 4 Earth Intelligence as the primary 

input for the calculation of Land Surface 

Temperature (LST). Landsat 8 satellite captures 

all locations on Earth, every sixteen days, with a 

level of detail (resolution) allowing an LST value 

to be output for every 30 metre square on the 

ground. 

 

Landsat 8 images were selected covering Great 

Britain. Where possible, three images were 

selected during summer months (June, July and 

August) for each of the three years; 2017, 2018 

and 2019. Images were selected based on the 

 
1https://publications.parliament.uk/pa/cm201719/cmselect/
cmenvaud/826/826.pdf 

requirement to avoid presence of cloud which 

can obscure the ground surface. 

Thermal data is observed at two wavelengths 

with the strength of the signal being a function 

of the land surface temperature. To be converted 

to LST it is necessary to perform extra steps to 

extract this information. TIR data was processed 

using the equation below that converts the raw 

data to LST in degrees Celsius (García-Santos et 

al, 2018). 

 

𝐿𝑆𝑇 =
𝑇𝑏

1 + (𝜆𝑇𝑏 (
𝑘
𝜌

) × 𝑙𝑛𝜀)
 

 

where λ is the wavelength of emitted radiance, ρ 

is hc/σ (mK), K is the Stefan–Boltzmann 

constant (1.38 × 10−23 JK−1 ), h is the Planck 

constant (6.26 × 10−34 Js), c is the speed of 

light (2.998 × 108 ms−1 ), and ε is the surface 

emissivity. 

 

As well as collecting thermal infrared 

information, additional parameters such as 

vegetation health and land surface type can be 

derived from Landsat 8 satellite, and correlated 

with the thermal data. 

 

A secondary derivation of land surface 

reflectance was calculated, for the purposes of 

deriving a "Normalised Difference Vegetation 

Index" (NDVI). The NDVI exploits the 

relationship between the contrary nature of 

vegetative responses within the red and Near 

InfraRed (NIR) parts of the spectrum, to provide 

an inference of vegetative productivity, as well 

as surface emissivity (Tarawally et al, 2018). The 

NDVI is calculated using the equation provided 

below. 

 

𝑁𝐷𝑉𝐼 =
(𝑁𝐼𝑅 −  𝑅𝑒𝑑)

(𝑁𝐼𝑅 +  𝑅𝑒𝑑)
 

 

where red and NIR stand for the spectral 

reflectance measurements acquired in the red 

(visible) and near-infrared regions, respectively. 

 

As an additional step satellite images were 

clipped using a coastal boundary to remove 

water. As well as removing data that is not land, 

removing water where possible reduces error in 

statistical calculations later in the process. 
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Satellite data limitations 
 

Raw satellite data outputs have an inherent 

temperature uncertainty range of 

approximately +/- 4C, when compared to air 

temperature values. This uncertainty is 

mitigated during data processing using 

calibration methods. 

 

Providing a heat hazard score by 
postcode 
 
Using a variation of the methods stated above, 

an automated workflow was developed by 4 

Earth Intelligence and applied to archive satellite 

images covering all of Great Britain during the 

summer months of 2017, 2018 and 2019. 

Several satellite images were processed each 

year to produce several Land Surface 

Temperature values for the whole of Great 

Britain. 

 

Each Landsat 8 satellite image covers a ground 

area of 185km by 180km. Consequently, the 

whole of Great Britain cannot be captured 

simultaneously, but rather a mosaic of images 

collected at different times. Therefore a process 

of standardisation is required between satellite 

image outputs, to ensure consistency at all 

locations. 

 

The creation of a consistent data layer across all 

Great Britain required standardisation of all input 

images. Standardisation has allowed comparison 

of LST outputs that were derived from images 

acquired on different dates (and thus, different 

temperatures, different atmospheric conditions, 

and different phases of the vegetative period). 

By standardising the LST outputs, an objective 

evaluation of LST patterns and spatial variability 

is possible (Walawender et al, 2013). 

 

To achieve a standardised result, a regional 

approach has been used with statistical analysis 

performed on 6 distinct regions across Great 

Britain to account for regional climatic 

differences. 

 

Following regional standardisation, further 

statistical analysis was performed to temporally 

standardise LST for each of the years 2017, 2018 

and 2019, which produced a standardised LST 

mosaic. A percentile ranking approach was used 

to categorise each location from 1 to 5 (5 

referring to high heat hazard risk, 1 referring to 

low heat hazard risk), to provide an average heat 

risk value for each postcode. 

 

Absolute heat values are not reported, instead 

the data can be used as an indication of where 

temperatures are consistently higher and 

therefore where populations are likely to suffer 

greatest heat stress. 

 

Conclusion 
 

By processing thermal information from satellite 

imagery from the three most recent summers, 

4EI have produced an easy-to-use heat hazard 

score for all locations in Great Britain. It is 

intended that this data can be easily accessed 

primarily by public health organisations and 

government to plan for and mitigate the hazard 

of heat stress on vulnerable populations, 

particularly in the midst of the COVID-19 

pandemic during which vulnerability may be 

exacerbated.  Providing data by postcode means 

 

Figure 2: Heat Hazard Postcode automated processing workflow summary 
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that data can be easily used alongside a wide 

range of other datasets within the public and 

private sector. The data can be interrogated in a 

variety of different ways. In its simplest form the 

heat hazard score for a particular postcode can 

be queried from a spreadsheet. For more 

advanced use the data can be ingested into GIS 

software and correlated with other datasets to 

better understand the potential impact of heat 

stress on other vulnerable sectors within society.  
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Figure 3: Heat Hazard by postcode across South East 

England 

 

 
About 4 Earth Intelligence 
 

We are a leading provider of innovative 

geospatial projects, products and Earth 

Observation analysis services.  

 

We work globally with governmental and private 

clients, using satellite data to unlock intelligence 

and insights allowing informed decision making.  

 

We create data products, platforms, services and 

insights that inform policy, investment and 

environmental protection decisions worldwide. 

 

To read more about applications of the heat 

hazard postcode data and other 4EI data 

products please visit our website: 

 

www.4earthintelligence.com 

www.4earthintelligence.com

