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2. Factors controlling urban climate, energy 
balance, urban boundary layer

URBAN CLIMATOLOGY

Paper to read

https://is.muni.cz/auth/el/sci/podzim2024/ZX601/um/67875456/02_Hart_Sailor_TAC_2009.pdf
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2.1 Factors controlling urban climate

• Urban climate is a typical example of the local climate. However, 
it can be studied on different scales from mesoclimate to 
microclimate (see further for urban climate scales)  

Climate categories (scales)

Source: Climatology, Oliver and Hidore, P.163.

2.1 Factors controlling urban climate

• For local climate category it is typical that processes in lower layers 
of the atmosphere are primarily formed by radiative, thermal, 
aerodynamic, and moisture properties of active surfaces

• Active surface (layer) is the surface or layer at which energy is re-
distributed (e.g. reflected) or transformed to another type of energy 

• In broader sense active surface controls the exchange of energy, 
mass and momentum  
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2.1 Factors controlling urban climate

1) Thermal and radiation properties of active surfaces, which 
are decisive for the intensity of absorption and reflection of 
short-wave electromagnetic radiation and emission of long-wave 
radiation

2) Surface geometry of active surfaces, which increases their 
total area, contributes to a significant proportion of surfaces 
with vertical orientation, to the creation of so-called street 
canyons and to high roughness

3) Waterproofing of active surfaces forming increased runoff of 
precipitation, reducing evapotranspiration and air humidity

4) Atmospheric pollution related to the occurrence of pollutants 
in the air and increased occurrence of condensation nuclei

5) Anthropogenic heat

Thermal properties of the surface materials
(radiation balance)

Thermal properties of typical urban surfaces cause accumulation of 
thermal energy during the day and its release during the night

Shortwave and longwave (thermal) radiation can be transmitted, 
reflected and scattered
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Thermal properties of the surface materials
(albedo)

Albedo – ability of active surfaces to reflect shortwave radiation

Albedo of urban areas is lower (10–15 %) that that of rural areas 

Thermal properties of the surface materials
Comparison of selected thermal characteristics for typical urban and rural surfaces 
(modified after Oke, 1987 and Zmarsly et al. 2002)

Emissivity – ability of active surfaces to radiate longwave radiation
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Surface geometry

• Height to Width Ratio (H/W)

• Sky View Factor (SVF)

Sky View Factor (SVF)

Urban SVF Rural SVF

Surface geometry

Oke et al., 2017, Urban Climates
© Cambridge University Press 2017
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Surface roughness

source: http://www.mfe.govt.nz/

General decrease of wind speed in „strong flow“ situations

Surface roughness

source:https://www.quora.com/

Higher turbulence due to higher air instability (strong local winds
in „UHI situations“)
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Surface waterproofing

• Lower soil moisture and higher drought danger
• Lower evapotranspiration causes higher air temperatures
• High and fast surface runoff
• Polluted surface runoff

Higher proportion of impervious surfaces is responsible for direct 
changes in moisture conditions and changes in water balance and 
indirect changes in temperature conditions

Air pollution
Average air pollution concentration over an urban area

Factors increasing urban air pollution:

• Higher concentration of sources (vehicles, industry, heating) 

• Lower wind speed due to surface roughness

• Role of relief (basins, concave shapes of urban relief)

• Higher stability of urban atmosphere (temperature inversions) 
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Anthropogenic heat
• Results mainly from electrical and chemical energy that are converted 

to heat and released in lower atmosphere.
• Includes three main sources: buildings,transport, and metabolism:

fuel combustion, industry, heating and cooling, many processes of 
everyday life, lightning, heating of water, etc.

• Depends on population density, but very regionally specific (climate 
and geography, economy, transport modes, cultural habits etc.)

• Typical daily and seasonal variations, direct measurements are replaced with 
estimates (modelling)

Modeled heat anthropogenic heat flux density in Toulouse, France

Oke et al., 2017, Urban Climates
© Cambridge University Press 2017

2.2 Energy balance of urban/rural areas

The city energy balance can be simplified to:

Three forms of energy 
• Radiation energy (shortwave and longwave)
• Latent heat
• Sensible heat 

And three modes of energy transfer
• Radiation 
• Convection
• Conduction 
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2.2 Energy balance of urban/rural areas

Latent heat – energy released or absorbed by 
a body during phase transition.

• Energy stored in a volume, but not sensed 
by humans

• In atmosphere is transported by convection

Sensible heat
• Energy stored in a volume which is directly linked to its temperature
• Linked to motion of molecules, can be „sensed“ by humans
• Transported via conduction (slow, in solids) and convection (in air) along the 

temperature gradient 

• Evapotranspiration (from liquid water to water vapour) – consumption of 
latent heat 

• Condensation (from water vapour to liquid water) – release of latent heat 

Energy balance of urban/rural areas
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Day-night differences in energy balance

Relative differences in surface energy balance (SEB) of urban and rural surfaces 
during day (positive SEB) and night (negative SEB) (Oke et al. 1998; Alberti 2008)

2.3 Stratification of lower urban atmosphere
• Urban boundary layer (Rural boundary layer, Planetary boundary layer) 

• Urban canopy layer (UCL)
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2.4 Another factors controlling urban climate
• role of weather types (radiation dominated vs. advection dominated)

• important role of local geography (relief)

Typical features of urban climate

(Landsberg 1981)
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2.4 Final remarks and questions

1. What are the main factors controlling urban climate?
2. What are the main terms of urban climate energy balance?
3. How we can define urban climate scales?
4. What are the main features of vertical stratification of the 

atmosphere in urban environment?
5. What other factors form typical urban climates?


