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TALL BUILDINGS AND URBAN MICROCLIMATE  

- A Bioclimatic study of urban fabric  

 

ABSTRACT   

Architects and urban planners recognize that diffusion of activities between tall buildings and the 

urban fabric is a constant reality. Many efforts are made to develop Sustainable Skyscrapers but, 

the co-relation with the surrounding environment has always been influenced by architecture, 

climate, environment, land use pattern, public realm and street activities.  

The aim of this study is to understand the environmental or bio-climatic factors which take part 

to create a micro-climate in-between tall buildings and urban city fabric. The research includes a 

brief understanding of bio-climatic design of tall building focusing onto surrounding 

neighbourhood, impact of environmental factors such as wind flow patterns in tall building 

clusters, air temperatures, vehicular & pedestrian movements and activity patterns at street 

levels. The bioclimatic measurements of Canary Wharf and Liverpool Street clusters are 

compared to understand how the urban microclimates are affected within two different urban 

fabric typologies. 

 

Keywords: Tall buildings, Bioclimatic design, Urban fabrics, Solar Access and Radiation, Urban 

Air flow. 

 

 

 

 

 

 

 

 

 

 

 

 

1. INTRODUCTION 

Cities, all around the world are recognised by their 

sky-lines (Fig.01) and there are many drivers to make 

these skylines such as land scarcity and social needs; 

high real estate values; commercial opportunities and 

corporate demands, etc.  

 

01 Canary Wharf skyline, London, 2011           

Source : Author 

1.1 Tall buildings:  

Tall buildings are defined in many ways and perceptions with respect to site, usability and 

physical characteristics including the High Density accommodation (Ratio of floor area to area of 

plot). Ken Yeang provides a definition for skyscrapers as: ‘Essentially a tall building with a small 

footprint and small roof area with tall façade.’ (Yeang 1999, p24 cited in Clair. P, 2010) 

The design includes not only the architecture, structural system, street space or façade system but 

also the interface between the street level environment and the building. Recent design 

developments have shown a major impact over the consideration of this microclimate interface as 

a part of sustainable design strategy for tall buildings in the direction of making Bio Climatic 

urban fabrics. 
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1.2 Urban Canopy  

It has been observed that the high rise buildings are situated in most dense urban areas of the city  

which have many adjacent variations in terms of adjacent buildings, road and traffic, pedestrian 

movements, noise levels, urban landscape, etc. All of this aspects including the environmental 

factors such as Air movement, Wind directions, Solar radiations, humidity and noise, Day light 

conditions etc. make an urban micro-climate which largely refers to the Urban Canopy (the 

zone from the ground to the average height of buildings). 

1.3 Urban Climate  

Regional climate variations participate in urban Canopy which is extended up to the Urban 

boundary. Urban boundary is at the edge of the atmospheric layer. The amount of solar 

radiations are lower in urban areas mainly because of air pollutants and wind flow patterns in the 

urban canopy volumes, humidity levels and effects of urban landscapes. So the mixture of 

regional climate and environmental variations in urban canopy generates an urban climate. This 

is a simple understanding about this phenomenon. The character of urban cluster / fabric plays a 

big role to generate such micro-climates. With the focus on London city clusters, this research 

aims to map domestic impacts on the urban micro-climates. The comparison of two different 

kinds of urban microclimates in Canary Wharf and Liverpool Street shows recent scenario of 

bioclimatic interactions and their impacts on surrounding environment with high rise buildings. 

The outcomes by understanding the case studies give useful guidelines to be utilized in the 

process of Sustainable urban design. 

2. BIOCLIMATIC DESIGN CONSIDERATIONS FOR URBAN FABRICS WITH TALL 

BUILDINGS 

The effects of climate on health and activities of occupants or users is the base of 

Bioclimatology. The bio-climatic design approach is not limited to building design only 

extended out of the building foot print and connects itself with external environmental 

conditions, site location and geography, surrounding building and their aesthetic expressions, 

land use pattern of other buildings in the neighbourhood cluster and public accessibility and 

activities. The major bioclimatic design considerations for high rise clusters are : 

 a. Urban Geometry (Fig.02): The 

variation in heights and in-between 

distances of buildings 

b. Regional Climate: Seasonal 

external air temperatures, humidity 

percentage and prevailing wind 

directions as per meteorological 

data of the city 

c. Orientation and overshadowing 
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c. Orientation and overshadowing (Fig.04): Siting of tall buildings with respect to South 

exposure to direct Sun and overshadowing over the low rise buildings within the cluster. 

d. Solar access, solar radiation and albedo (Fig.05) 

e. Urban Canyons (Fig.06) 
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f. Urban Heat Island  

g. Urban Air flows  

h. Urban Landscape 

Here, (θ = the line 

running North-South and 

angle between Canyon 

axis which determines the 

orientation of urban 

canyon; W = Width of 

street; 

L 

W 

SVF 

α 

H 

θ 

H = Average Height of buildings on both sides; L = Length of canyon; α = Angle between building top 

edge and street plane; SVF = Sky View Factor) 

Following case studies concentrated upon the above stated bioclimatic factors and the 

comparative analysis identifies the difference of effects on urban microclimate of both 

typologies of high rise cluster in London.  

3. CASE STUDIES 

3.1 CLUSTER 1 : CANARY WHARF, LONDON 

Coordinates: 51.503611° N 0.018333°W For 1, Canada Square  

Canyon 

Axis 

550 m 

5
5

0
 m

 

N 

0 200m 

High rise buildings > 100 m 

Low rise buildings < 100 m 

Cluster Built-up profile 

3.1.1 Solar Access and radiation: The Central garden is the 

biggest open space within Canary Wharf cluster works as a 

buffer or balancing device for the urban climate created within 

the high rise buildings around. The direct incident Solar 

radiation ranges from 120 to more than 1200 Wh during the 

summer months from June to August. As seen in Fig. 08, the 

road along the edge of south blocks receives very low radiation 

during day time (9am to 5 pm) around 120 Wh, while the open 

space in front of plaza receives highest solar energy as the   

Central  

Garden 

 

Plaza 

 

Road 

 

05. Solar radiation and Albedo  06. Urban Canyon  

obstructing tall buildings are located at a distance in South. The plaza, the garden and the south-

west corner low rise block was monitored from July 1
st
 to July 13

th
 to record air temperature 

variations. 

08. Direct Solar Radiation – June, July, August 9am to 5 pm  09. Solar access on Summer Solstice, June 21 

07. Cluster plan  
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The simulation result of direct solar access on vertical surfaces in fig.09 reveals that the south 

edge buildings receive maximum solar energy which rises up more than 5000 Wh for Summer 

Solstice. The buildings towards North have lesser solar access which is low as it goes near the 

ground level and rises up as the height increases. The lower surfaces which are adjacent to the 

garden have lower solar access of about 2500 Wh.  

3.1.2 URBAN AIR FLOW: For both 

clusters, CFD Simulation (ENVI-MET). 

Date: July 1
st
, 9 am. Average wind speed: 

3m/s . Prevailing wind direction for July: 

South-West (As per meteorological data for 

London). It is seen within the narrow canyons 

(Fig.10 location: A), that the wind flow 

vectors are longer which means with higher 

speed, while in the open spaces such as 

Reuters’ plaza or at the central garden, the 

wind speed is lesser and there are no big 

deviations in the direction as lack of 

obstructing buildings. Vertically, the section 

1 shows when the buildings are located at a 

long distance (70 m approx.), the downward 

wind loses its speed when it enters the larger 

open space and as it reaches the opposite high 

rise building, the speed increases gradually. 

Canary wharf cluster has no. of high rises and 

the corners or edge conditions are the most 

affected surfaces of them from incoming 

wind with higher speeds and that gets 

deviated due to obstructing edges. This 

generates wind turbulences with higher wind 

speed. Especially when both of the North and 

South edge is blocked by high rise blocks 

(Fig. 10, location: B), due to wind turbulence, 

the speed increases. 

Reuters’  

Plaza 

 

Central Garden 

 

Reuters’ Plaza 

 

 

Reuters’ Plaza 
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10. Wind flow simulation on July 1
st
, 9 am.  

11. Wind flow simulation - Section 1.  

12. Wind flow contour lines for wind speeds - Section 1.  

3.2 CLUSTER 2: LIVERPOOL STREET, BISHOPSGATE, LONDON  

Coordinates : 51° 31′ 6.96″ N, 0° 4′ 52.68″ W 

 

0 200m 

3.2.1 Solar Access and radiation: Liverpool streets are 

surrounded along with their edges with continuous building 

facades. These urban canyons are majorly oriented from 20° to 

26° from North. Fig.14 shows that the streets which are compact 

and having less canyon widths with high aspect ratios (H/W) 

receive less amount of direct solar radiation. (Street in front of 

Tower 42). The plaza receives more than 2500 Wh solar energy 

which is an important public space in the neighbourhood. 
13. Cluster Plan 

N 
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14. Direct Solar radiation – June, July, August. 9am to 5 pm 15. Solar Access on Summer Solstice. June 21 

In case of Swiss Re, the rear open space is used for the café and restaurant sitting during summer 

time as it receives direct sun from South-East and South. This is not similar to the front of it, as 

it is blocked by continuous buildings, which draws the radiation value down to 500 Wh. Fig.15 

clearly shows that due to the orientation of canyons/ streets and buildings heights along the edge 

of them, the amount of solar access is as low as 400 to 1500 Wh/m
2
. As the Height of the 

building increases, the Solar access on vertical surfaces increases up to 7500 Wh/m
2
. Here 

comes the façade material of buildings in picture that within this cluster most of the high rise 

blocks are provided with anti-reflective glass facades which do not allow high amount of solar 

radiation reflected towards surrounding cluster because of its low albedo values. 

3.2.2 URBAN AIR FLOW:  

1 

 

Irregular urban geometry with varying canyon orientations and monotony of building fabric 

height shows dramatic changes in wind flows within the clusters like Liverpool Street. Fig.16, 

Location A – Bishopsgate road has quite a narrow canyon width and the building heights are 

around 25 to 40 m. The length of the canyon is about 65 m and orientation is South-West to 

North-East, which draws high amount of South-West wind into the canyon and due to its 

geometry, the wind speed increases. Fig. 17, Section 1. shows the air flow vectors going in 

negative direction which is upward and that is because of the immediate vertical surfaces on 

both the side of in-between space. As the aspect ratio (H/W) is quite high, the incoming wind is 

having higher speed than flowing above the building roof levels.  

16. Wind flow simulation on July 1
st
, 9 am.  

17. Wind flow simulation - Section 1.  

18. Wind flow contour lines for wind speeds - Section 1. 

A 
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 The unplanned street patterns and building edges do not integrate their siting and orientations as 

per prevailing winds which creates negative turbulences around them and that changes the air 

flows and wind speed as well. This phenomenon gets stronger while it interacts with tall 

buildings. 

4. COMPARATIVE ANALYSIS AND CONCLUSIONS: The urban geometry of cluster 

shows quite a regular organisation of buildings along the road edges and open spaces within 

Canary Wharf, while the other part of the city has irregular street patterns and the building foot 

prints have to just follow the available Space.  The cross sectional profiles of canyons within 

Liverpool street cluster are narrow in terms of extended length from South to North and the 

scattered high rise blocks pop out of low rise settlement. This kind of geometry shows uneven 

height variations in the cross sectional profile of canyons. The garden area of Liverpool Street 

showed high air temperature and low humidity, while the Canary wharf garden was having low 

air temperature and higher humidity than other parts of the cluster. Similarly, the open space like 

plaza has high wind speeds and the garden has lower wind speed due to obstruction by landscape 

such as trees. The variations in wind speeds at different places depends on the regional 

prevailing wind directions and the urban fabric characteristics such as building heights, 

vegetation, water body, etc. The comparisons of spot measurements of Air temperatures for 

Plaza, streets and garden areas revealed that for Canary wharf, plaza was having high air 

temperature during afternoon hours. The hard paved surfaces with high reflectance are some of 

the main reasons for this and the Liverpool street plaza gets affected by surrounding buildings 

and their irregular geometries, which increase the no. of surfaces to absorb more amounts of 

direct solar gains. Hence, low amount of reflected solar gains in the air, which keeps the 

temperature a bit lower than expected. If same situation happens in a city with Hot dry or humid 

climate then the situation would be opposite and air temperature will be much high due to heat 

storage in the buildings. Considering this study the most prominent bioclimatic factors affecting 

the urban microclimate are: Urban Geometry, Urban Canyons, Sun availability and solar 

radiation, Urban air flows, Urban Landscape and Urban Air quality. The geometry of urban 

fabric plays a big role in terms of Solar radiations and reflections to the building facades and 

streets. The regional climatic conditions affect the Sun availability and solar radiations too. The 

example of Canary Wharf has many good sustainable urban design strategies such as breakage 

of heights in the South block buildings to allow the air movements and solar access into the 

central garden spaces which balances the natural ventilation and Solar access demands for 

Temperate cold climates like London. The Orientation of streets within the city is a major aspect 

to achieve direct solar radiation at street level and wind flows within the narrow canyons 

considering the prevailing wind directions and speeds. As the study intended to understand two 

different urban typologies of London, it developed knowledge and example based understanding 

to the development of Sustainable Urbanism within existing and future cities. 
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