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Urban Heat Island

The study of urban heat island (UHI) is of great relevance in the context of climate change (CC) and
global warming

Cities accumulate heat in urban land covers as well as in built infrastructures, representing true islands of 
heat in relation to their rural environment, less urbanized.



LST & UHI

• There is a wide consensus that Land Surface Temperature (LST) plays a key role in the generation of
the Urban Heat Island (UHI), representing a determining factor in terms of surface radiation and the
interchange of the energy, in addition to controlling the distribution of heat between the surface and
the atmosphere

• The composition of land covers are one of the main factors that influence the LST

• Specialized literature has emphasized that built up area and pervious surface (occupied areas provided
with vegetation) and impervious surface (paved and built areas) have a significant impact on the
generation of a UHI. In this sense, the reduction of vegetation affects not only in an increase of the LST,
but also the reduction of precipitation and evapotranspiration. The relationship between the LST and
the Normalized Difference Vegetation Index (NDVI) is especially well- documented.



From the LST to LSAT

• Even though thermal sensors installed on planes and satellites permit the easy measurement of LST, UHI
phenomena have been commonly studied using the air temperature in the atmospheric surface layer,
usually at a height of 2 meters above the ground (land-surface air temperature, LSAT). The temperature of
the air, when measured in weather stations, is one of the observations most frequently registered, with
great precision and resolution over time.

• However, the data obtained from weather 
stations are too general, which in general 
terms means that they do not efficiently 
represent the spatial variation of air 
temperature at an intra-municipal or 
neighbourhood level. At the MRB 
(Metropolitan Region of Barcelona, 3,200 km2, 
4.8 millions inhabitatnts) there are only 33 
weather stations



Limitations for measuring the UHI

The availability of data at the appropriate scale is also an important problem. Even though the heat sensors
installed on satellites, especially MODIS and LANDSAT are free and allow an easy measurement of LST, the
information derived from them usually has a "grain" that is too large for detailed analysis, especially at an
intra-urban level. In the case of MODIS, this is 1 km2 per pixel, clearly insufficient for a detailed analysis.
LANDSAT, with a pixel of 100x100 meters, allows a more accurate analysis, but is still insufficient



Limitations for obtaining Data from Aerial Sensors

• There are higher resolution images, taken with thermal sensors on airplanes, but these are not for free.

• In the case of some areas of Catalonia, the Cartographic Institute of Catalonia (IGCC) possesses airborne
resources that capture thermal data at a high resolution, but is not open data

• The research has therefore been restricted to the use of average resolution satellite images (Landsat)

Landsat8 IGCC



Daytime and Nighttime Temperatures

• Another problem that exists in the measurement of the UHI
consists in available nighttime thermal information: Urban Heat
Islands emerge at night above all

• It is during the night that the effects of UHI become more
apparent, due to the low cooling capacity of urban construction
materials and is during nighttime that temperatures can cause
higher health risks, leading to the aggravation of negative impacts
on people’s health and comfort in extreme events such as heat
waves becoming more and more frequent and lasting longer

• However, the study of nocturnal UHIs is still poorly developed due
to the structural problems regarding the availability of land
surface and air temperature data for night time



Another used methodology for measuring the nocturnal UHI is to 
use remote sensing, but the sensors that provide free information 
(LANDSAT) do not provide nighttime information

MODIS does!!

But the greatest limitation about this method is the low resolution, 
therefore it is clear the need for open source databases with better 
or higher resolution to quantify the night surface temperature

Nighttime Temperature

Traditional methods for obtaining nocturnal UHI have been directed either to extrapolation of data from weather
stations, or obtaining air temperatures through urban transects
• In the first case, the lack of weather stations in urban landscapes makes it extremely difficult to obtain data to

extrapolate and propose models at a detailed resolution scale
• In the second case, there is a manifest difficulty in obtaining data simultaneously and significantly

representative of urban and rural zones



LST: Daytime and Nighttime Differences (MODIS)

Day Night

Night-time LST has usually been studied through MODIS

In the case of the Metropolitan Region of Barcelona (MRB) the night UHI is clearly observed in the city of 
Barcelona



Modis Night by Corine Land Cover (CLC, 2012)



UHI (LST night) by MODIS



Model: Difference between Day and Night (Modis)

• A first exercise to improve the spatial resolution of
MODIS has been to perform an OLS model with night
cooling as a dependent variable

• The model allows explaining 81.4% of the variation of
the LST night cooling

• Said model, applied to the information provided by
Lansat 8, has allowed to visualize the nighttime UHI with
a resolution of 30 meters



LST (MODIS night, model MODIS night 30 meters/pixel)



City of Barcelona
100 km²
1.6 millions inhab.

LST (MODIS night, model MODIS night 30 meters/pixel)
City Center



Landsat 8 b10: day/night
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Landsat 8 b10: Los Angeles (7/16/2019; 5:42 h)

1:300,000



Landsat 8 b10: San Diego/Tijuana (7/16/2019; 5:35 h)

1:250,000



Landsat 8 b10: Mexicali & Imperial Valley (07/16/2019; 5:42h)

1:250,000



BCN: model MODIS night vs. Landsat night



Case study: VGC



VGC: LST Day vs. Night (Landsat8, august 2018)
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Cooling Day/Night (Landsat8)



LST Landsat8 day & night by planning
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Daytime OLS (segmented) model
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Daytime OLS (segmented) model (10m/pixel)



Cooling day/night OLS model



Cooling (Landsat) vs. Cooling OLS model



LST nighttime estimated by Cooling Model

LST night by Landsat LST night Model



LST daytime and nighttime (10m/p)



Conclusions

• It is during the night that the effects of UHI become more apparent, due to the low cooling capacity of 
urban construction materials and is during nighttime that temperatures can cause higher health risks. 
However, the study of nocturnal UHIs is still poorly developed due to the structural problems regarding 
the availability of land surface and air temperature data for night time

• The traditional method for obtaining the night UHI has been aimed at extrapolating data provided by 
meteorological stations, but the lack of such stations in urban landscapes makes it extremely difficult to 
obtain statistically significant information in order to develop fine-scale models

• Another methodology used to measure nighttime UHI is to use remote sensing, but sensors that provide 
free information do not generally provide nighttime data (Landsat) or, if they do, they have too low spatial 
resolution (MODIS)

• Thus, obtaining the nighttime LST is one of the pending research topics on the subject of the UHI
• This paper has been aimed at investigating the information provided by Landsat8 in its very limited series 

of night images. The results are promising, allowing the develop models which allow to analyze and 
visualize the UHI at night
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