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Abstract: 11 

Due to the urban heat island (UHI) effect the air temperatures in urban areas are most of the time 12 

higher compared to the temperatures in rural areas. Further the wind speeds are lower due to wind 13 

sheltering. In the past decades cities and therefore also the urban heat islands have been continuous-14 

ly growing. The local microclimate has a strong impact on the energy demand of buildings and the 15 

human comfort and health. Only few guidelines exist for urban planners to mitigate UHI effects or 16 

its impacts. This study aims at simulating the effect of new buildings on the local urban microcli-17 

mate for a building site in Zürich (Switzerland). One-way coupled CFD and building energy simu-18 

lations are conducted to determine the increase in air and surface temperatures due the presences of 19 

new buildings. The daytime local air temperatures for weather conditions with high ambient air 20 

temperatures, which are considered to be most critical for thermal comfort, are studied. The results 21 

show that the formation of local hot spots strongly depend on the building geometries, building ma-22 

terials, the strength of buoyancy and the wind directions and wind speeds. 23 
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1. Introduction29 

The microclimate in urban areas differs significantly from the climate in rural areas. Wind speeds 30 

are lower due to wind sheltering leading to less removal of heat and pollutants from urban areas 31 

(Oke 1987) and air temperatures are higher due to the urban heat island effect. In London measure-32 

ments showed up to 7 K higher air temperatures at night-time in the city compared to measurements 33 

outside the city (Watkins et al. 2002). The mean heat island intensity exceeds 10 K (Santamouris et 34 

al. 2001) in Athens. Also for cities in Switzerland significant urban heat island intensities were 35 

measured (Wanner and Hertig 1983). For the city of Zürich maximum urban heat island intensities 36 
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of 5-7°C (Basel: 5-6°C, Berne: 5-6°C, Biel: 4-5°C, Freiburg: 3-5°C) were already observed by 37 

Wanner and Hertig (1983) about 30-35 years ago. The urban microclimate influences strongly the 38 

energy demand for space cooling and heating of buildings (e.g. Allegrini et al. 2012a, Bouyer et al. 39 

2011), and it has also a large impact on the thermal comfort (e.g. Saneinejad et al. 2014) and health 40 

(e.g. Robine et al. 2008) of the people living in urban areas. Global warming and associated heat 41 

waves (Schär et al. 2004, Fischer and Schär 2009) may further increase the temperatures in urban 42 

areas. It was shown by Li and Bou-Zeid (2013) that the combined effect of UHI and heat waves is 43 

larger than the sum of the two individual effects. This can reduce the potential for night cooling sig-44 

nificantly, what might have a strong impact on the space cooling demands in Switzerland, where 45 

mainly passive night ventilation is used to cool the buildings (Frank 2005). 46 

Knowledge of the detailed urban microclimate is important to predict space cooling demands or the 47 

thermal comfort. To get accurate results from building energy simulations, accurate microclimatic 48 

data at the building site are needed. Further, city planners need finely resolved information on the 49 

local microclimate to improve the exterior thermal comfort for planning new urban areas with high 50 

thermal comfort. Numerical simulations can be used to predict and study the local microclimate at 51 

the neighbourhood scale. A large number of numerical studies on the microclimate can be found in 52 

literature. Overviews of microclimate studies are given by Arnfield (2003), Mirzaei and Haghighat 53 

(2010) and Moonen et al. (2012). The local urban microclimate is numerically studied with different 54 

degrees of complexity in literature. In a large number of studies ENVI-met (Bruse and Fleer 1998) 55 

is used to simulate the urban microclimate (eg. Ali-Toudert and Mayer 2006, Perini and Magliocco, 56 

Taleghani et al. 2014). ENVI-met is a model to simulate flows around buildings, model turbulence, 57 

exchange processes of heat and vapour at buildings and vegetation, bioclimatology and pollutant 58 

dispersion (Bruse and Fleer 1998) with rather low spatial resolution. To get a higher spatial resolu-59 

tion and to be able to determine the convective heat transfer at the building façades Saneinejad et al. 60 

2012 conducted CFD (Computational Fluid Dynamics) simulations coupled with a detailed radia-61 

tion model and a detailed heat and moisture transport model for a two-dimensional urban street 62 

canyon. They studied local heat island mitigation measures with their coupled simulations. Studies 63 

with a similar approach have been conducted to investigate the influence of the local microclimate 64 

on the space cooling demand of buildings in urban areas (eg. Allegrini et al. 2012a and Bouyer et al. 65 

2011). The authors of these studies concluded that it is important to account for the local urban mi-66 

croclimate when simulating energy demands of buildings with building energy simulations. Alle-67 

grini et al. (2012a) conducted their study for a simplified urban street canyon configuration, while 68 

Bouyer et al. 2011 studied the energy demand for an urban neighbourhood with complex geome-69 

tries. 70 

Recent microclimate studies based on CFD simulations have been conducted e.g. by Toparlar et al. 71 

(2015), Gromke et al. (2015), Allegrini et al. (2015a) and Allegrini et al. (2015b). Allegrini et al. 72 

(2015a) studied the impact of different urban morphologies on the local microclimate in urban 73 

neighbourhoods. Their results showed that building geometries strongly influence the formation of 74 

local heat islands. High local heat island intensities can mainly be found in areas with decreased 75 
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ventilation (e.g. inside courtyards). They also found a strong impact of buoyancy on the local air 76 

temperature for weather conditions with calm winds. Buoyancy was found to increase the ventila-77 

tion and therefore leading to decreased air temperatures. Therefore counterintuitively they found 78 

lower local air temperatures at the pedestrian level for lower wind speeds. The results from the 79 

same simulations were used in a second publication (Allegrini et al. 2015b) to study heat fluxes in 80 

urban areas. By studying the heat fluxes, they could better understand how heat is removed from 81 

urban areas. They found that turbulence is an important mechanism to remove heat for weather 82 

conditions with high wind speeds, because in this case heat is transported by turbulence through 83 

shear layers that are formed around buildings. For weather conditions with low wind speeds the 84 

shear layers are less important, because the flow is mainly driven by buoyancy and therefore con-85 

vective heat fluxes are more important for these weather conditions. In Allegrini et al. (2015a) and 86 

Allegrini et al. (2015b) an approach with on-way coupled CFD (computational fluid dynamics) and 87 

building energy simulations (BES) is used to determine the air and surface temperatures. The sur-88 

face temperatures determined in the BES are used in the CFD simulations as temperature boundary 89 

conditions. The same approach is also used in this paper. In this paper geometries of an urban 90 

neighbourhood together with existing designs for new buildings are used instead of the generic ur-91 

ban morphologies presented in Allegrini et al. (2015a) and Allegrini et al. (2015b). 92 

In literature two types of wind flow or microclimate studies can be found: studies with generic 93 

building configurations (a list of a number of studies is given in Ramponi et al. 2015) and studies 94 

for existing mostly complex building configurations (e.g. Toparlar et al. 2015, van Hooff and 95 

Blocken 2010). Studies with generic building configurations can give more general results and con-96 

clusions, while the studies with more complex building geometries show complex interactions of 97 

different physical phenomena and parameters. Comparative studies of local heat islands for generic 98 

and complex building geometries allow to transfer observations from generic to more complex ge-99 

ometries and to evaluate the applicability of general conclusions from studies with generic building 100 

configurations to real urban environments. There exist only few studies, where generic as well as 101 

complex geometries are studied (e.g. Tominaga 2012). 102 

In this paper a case study for complex building configuration is presented with the aim of support-103 

ing some more general findings. The focus of this study is on the daytime thermal comfort of pedes-104 

trians in summer in an urban area in the city of Zürich, Switzerland. Therefore local air tempera-105 

tures are studied for a weather condition with high ambient air temperatures. A building site is 106 

chosen for this study, where the city of Zürich is planning to construct new buildings in the near fu-107 

ture. Two designs for a group of 5-9 buildings are used in this study. The coupled CFD-BES simu-108 

lations are conducted for two different wind speeds and two different wind directions. To study the 109 

influence of the colour of building materials the simulations are repeated for building envelopes 110 

with two different albedo values. The surfaces temperatures of the buildings and the local air tem-111 

peratures as well as wind flow structures are analysed and discussed in this paper. The results of this 112 

case study are compared to the more general conclusions presented in the papers by Allegrini et al. 113 

2015a and Allegrini et al. 2015b. Mainly the impact of buoyancy is compared. In addition, the ap-114 
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plicability of conclusions as obtained for different urban morphologies as presented in Allegrini et 115 

al. 2015 is discussed. 116 

The structure of the paper is as follows. The building configurations studied in this paper are given 117 

in Section 2. In Section 3 and Section 4 the numerical models of BES and CFD are presented. In 118 

Section 5 the results are presented and discussed in detail. First the surface temperatures determined 119 

with BES for the different configurations are compared. Then results of CFD simulations are pre-120 

sented for different weather conditions and building configurations. In Section 6 the limitations of 121 

this study are discussed and in Section 7 the conclusions are drawn. 122 

2. Configurations 123 

This microclimate study is conducted for a building site in the city of Zürich (Switzerland). A satel-124 

lite picture of the building site is given in Figure 1. The building site (6.5 hectare) is located outside 125 

the city centre at the border of an area with rather dense office buildings and single family homes. 126 

The city of Zürich is planning to densify the area of the building site by building new residential 127 

and office buildings. Architects developed two possible designs for a group of 5-9 large buildings 128 

(design A and design B in Figure 1). Some important dimensions of the buildings are given in Fig-129 

ure 1. The height of the tallest buildings is 60 m for design A and 70 m for design B. With the new 130 

buildings a street canyon with a width of 50 - 65 m is formed. The length of this street canyon is 131 

665 m for design A and 635 m for design B. Amongst others the architects had to consider the mi-132 

croclimate when they developed their designs. They had to make sure that the local heat islands in-133 

tensities in the total area do not increase after constructing the new buildings. In this paper the per-134 

formance of the two designs is evaluated with coupled CFD-BES simulations. The building site is 135 

rather long and narrow and the main orientation of the buildings is directed by the form of the build-136 

ing site. Therefore the design possibilities are rather limited. East of the building site there is a 137 

neighbourhood with relatively large buildings. These buildings have heights that are comparable to 138 

the buildings of design A and B and the neighbourhood has a similar density. West of the building 139 

site there is a neighbourhood with relatively small low-rise buildings and a railway line. design A 140 

consists of five buildings. Four of the buildings are elongated and between 130 m and 170 m long. 141 

There are three 60 m tall towers, which are part of the elongated buildings. Three buildings consist 142 

of two long parallel parts, which are connected. Between the parallel parts there are spaces that are 143 

similar to courtyards. Except the three towers the buildings are 10 m – 30 m tall. There are nine 144 

buildings in design B. Two of them are rather small and separated from the other buildings. Com-145 

pared to design A there are larger differences in the geometries between the individual buildings. 146 

There is only one tower that is 70 m tall. All the other buildings are between 12 m and 32 m tall. 147 

Also for design B spaces with a courtyards shape can be found. There is an open space between the 148 

existing buildings, which is part of the building site. For both designs this space is kept open to al-149 

low the air flowing through from the railway line to the street canyon to increase the wind flow 150 

through the building site. For design A the wind can directly flow through the open space into the 151 

street canyon, while for design B the air has to flow over a low rise building. 152 
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 153 

Figure 1: Satellite image of the building site in Zürich and two possible designs of building geome-154 

tries. 155 

The aim of the City of Zürich was to study the performance of the two designs and to decide based 156 

on the results, which designs would lead to the most comfortable local microclimate. An aim is also 157 

to formulate guidelines for urban planners from the analysis. In total twelve coupled simulations are 158 

conducted. The simulations are conducted for two wind directions, two wind speeds, two different 159 

albedo values for the building surfaces and the two designs. Northerly and westerly winds are cho-160 

sen based on weather data measured at a nearby weather station.  161 

3. Numerical model 162 

For the study presented in this paper all building energy simulations are conducted for the climate 163 

of Zürich (Switzerland). All buildings are modelled as office buildings with corresponding occu-164 

pancies and internal gains (SIA 2006). Ventilation and infiltration are considered. The glazing (G-165 

value: 0.7, U-value: 1.1 W/m2K) fraction of the buildings is 35 %. Two values for the solar reflec-166 

tance or albedo are used (0.2 and 0.6) to study the influence of the building materials on the local 167 

heat islands. For each simulation all building surfaces have the same solar reflectance. All building 168 

surfaces have an emissivity of 0.9. The walls have a U-value of 0.17 W/m2K (with outer insulation), 169 

the roofs have a U-value of 0.29 W/m2K and the ground floors a U-value of 0.3 W/m2K. External 170 

shading devices are used to protect the buildings from solar gains. They close when the solar irradi-171 

ation on the corresponding façade is > 150 W/m2 and reopen when it is < 50 W/m2. Each building 172 

consists of the same number of thermal zones as the number of exterior surfaces (walls or roofs) it 173 

has. Each thermal zone consists of one exterior surface and the associated part of the building vol-174 

ume. All thermal zones are assumed to have the same inside air temperature. Space heating and 175 

space cooling are used to keep the inside air temperature between 21 °C and 26 °C respectively. 176 

CFD simulations are conducted for a weather condition with a rather high ambient temperature of 177 

25.5 °C. The building site and the surrounding neighbourhoods are not totally flat, but are modelled 178 

as flat for the simulations. At the inlet of the computational domain vertical profiles of the mean 179 

horizontal wind speed, the turbulent kinetic energy and the turbulence dissipation are imposed for 180 

two reference wind speeds, 1 m/s and 5 m/s at 10 m height. These profiles represent a neutral at-181 

mospheric boundary layer, where the turbulence originates only from friction and shear (Richards 182 

and Hoxey 1993): 183 

𝑈𝑈(𝑦𝑦) = 𝑢𝑢𝐴𝐴𝐴𝐴𝐴𝐴
∗

𝑘𝑘
𝑙𝑙𝑙𝑙 �𝑦𝑦+𝑧𝑧0

𝑧𝑧0
�      (1) 184 



 

 

 6/24 

𝑘𝑘(𝑦𝑦) = 𝑢𝑢𝐴𝐴𝐴𝐴𝐴𝐴
∗

�𝐶𝐶𝜇𝜇
       (2) 185 

𝜀𝜀(𝑦𝑦) = 𝑢𝑢𝐴𝐴𝐴𝐴𝐴𝐴
∗

𝑘𝑘(𝑦𝑦+𝑧𝑧0)       (3) 186 

Here uABL* is the atmospheric boundary layer friction velocity, y the height above the ground, z0 the 187 

aerodynamic roughness length, k the turbulent kinetic energy, ε the turbulence dissipation rate, U 188 

the mean streamwise velocity and Cµ a constant of the turbulence model. 189 

At the sides and top of the computational domain a symmetry boundary condition is applied. At the 190 

outlet an outflow boundary condition is used, which assumes that there are no streamwise gradients 191 

at the outlet. 192 

To couple the CFD and BES model the building surface temperatures (Tsurf) simulated with the BES 193 

are used in CFD as boundary conditions. A sketch of the coupling procedure is given in Figure 2. 194 

The surface temperatures are only transferred for the building surfaces of the new designs (design A 195 

and design B). The ground surface and the building surfaces of the already existing buildings (grey 196 

buildings in Figure 2) are modelled to have ambient temperature. The reason for that choice is that 197 

air would already heat up upstream of the new buildings, if the ground and the already existing 198 

buildings would have temperatures that are higher than the ambient air temperature. This would 199 

lead to the problem that the local air temperatures at the building site would be dependent on the 200 

size of the computational domain. With the approach used in this study not the local air tempera-201 

tures are determined, but only the temperature increase due to the presence of new buildings. We 202 

remark that our approach is a simplified method, which allows to compare different designs of new 203 

buildings, by evaluation of how a certain building setting locally heats up the air and contributes to 204 

its local heat island effect. A more complete approach needs the modelling of the total surrounding 205 

neighbourhood taking also into account the global urban heat island effect, which would be too de-206 

manding from a computational perspective, and which is beyond the scope of this paper. As a con-207 

sequence only temperature differences are presented in this paper and not the air temperatures itself. 208 

For the near-wall modelling, standard wall functions (Launder and Spalding 1974) with no-slip 209 

boundary condition are used as a compromise between and accuracy and computational cost. The 210 

standard wall functions are commonly used for CFD simulations of urban areas, although it is 211 

known that the use of wall function can lead to an overestimation of the convective heat flux at the 212 

building facades and subsequently to an overestimation of the local air temperatures (Allegrini et al. 213 

2012b). For accurate heat transfer predictions very fine meshes close to surfaces are needed, but 214 

with these meshes the surface roughness cannot be accurately modelled, because the cells height 215 

has to be much higher than the roughness. Therefore, in this study walls are modelled as smooth 216 

walls, what can lead to an underestimation of the connective heat transfer. Since the aim of this 217 

study is not a detailed quantification of air temperatures and heat fluxes for a specific case, but the 218 

comparison of them for different cases for which the same models with the same limitations are 219 

used, the possible over or underestimation can be accepted. Figure 2 also shows which buildings of 220 

the urban neighbourhood are considered in the BES and CFD simulations. For the BES fewer build-221 
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ings are modelled, because the neighbouring buildings are only important for the radiation exchange 222 

(solar and thermal radiation). Therefore only buildings, which have an impact on the radiation bal-223 

ance of the buildings of the new designs, are modelled in the simulations. For the CFD simulations 224 

also buildings further up or downstream of the studied area have an impact on the flow structures 225 

and therefore more buildings are considered in the CFD simulations. 226 

227 

Figure 2: Sketch of the one-way coupling procedure. The sketch shows, which neighboring build-228 

ings are considered in the BES and CFD simulations. 229 

Structured grids are built based on a grid sensitivity analysis and the best practice guidelines by 230 

Franke et al. (2011) and Tominaga et al. (2008). The grids are refined towards the walls to resolve 231 

the boundary layers. They consist of 7.5 – 10 million cells. For the lower wind speed used in this 232 

study, the y+ values were < 500; for the higher wind speed, y+ values up to 1300 can locally be 233 

found. It was verified that these rather high y+ values did not cause grid dependent results for the 234 

wind speeds and air temperatures. A part of the computational grid is given in Figure 3. 235 

 236 

Figure 3: Computational grid on some of the buildings of design A. 237 

 238 

4. Numerical simulation 239 

4.1. Radiation and building energy simulation 240 
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For the BES CitySim (Kämpf 2009, Halid and Robinson 2011 and Robinson 2011) is used. A veri-241 

fication of CitySim was conducted using BESTEST (Walter and Kämpf 2015). CitySim is a simula-242 

tion tool which models the energy fluxes in a quarter, with size ranging from a small neighbourhood 243 

to an entire city. In CitySim detailed radiation models for solar and longwave radiation are imple-244 

mented that can account for the radiation exchange between neighbouring buildings, the ground and 245 

environment. The Perez All Weather (Perez et al. 1993) and the Simple Radiosity algorithm (Rob-246 

inson and Stone 2006) are used to compute hourly irradiations of short and longwave radiation on 247 

building surfaces. Multiple iterations for the radiation calculations are performed to achieve con-248 

sistent results. The heat flow through the walls is determined with a model based on the analogy 249 

with an electrical circuit (resistor-capacitor network). The windows are considered as a building 250 

surface, but not represented geometrically, therefore no window surface temperature is determined 251 

and the temperature of the wall is used for the whole surface. This has an advantage for the study 252 

presented in this paper, because the geometrical details of the windows are not defined for design A 253 

and design B. For the convective heat transfer coefficients (CHTC) CitySim uses the correlations by 254 

McAdams (1954). CitySim uses an hourly timestep, which cannot be changed. With CitySim build-255 

ings can be modelled as single- and multi-zone buildings. CitySim also includes HVAC and energy 256 

conversion system models (Robinson 2011). CitySim determines the heat balances for all building 257 

materials and for the ground. The ground heat balance includes short and longwave radiation and 258 

storage of heat as well as heat conduction to the soil. To model the heat storage and heat conduction 259 

of the ground, a number of ground layers are defined with the thickness, the heat conductivity and 260 

the heat capacity as input parameters. 261 

4.2. CFD 262 

To study the urban microclimate, 3D steady RANS (Reynolds-Averaged Navier-Stokes) CFD simu-263 

lations are conducted with a realizable k-ε turbulence model with OpenFOAM. To account for 264 

buoyancy the Boussinesq approximation is used. Second-order discretization schemes as well as the 265 

SIMPLE algorithm for pressure–velocity coupling are employed. Pressure interpolation is of second 266 

order. 267 

5. Results and Discussion 268 

5.1. Surface Temperatures 269 

First the surface temperatures of the buildings are analysed, which are later used as boundary condi-270 

tions for the CFD simulations. In Figure 4 and 5 surface temperatures are given from two viewing 271 

directions. The results are given for both design options and two albedos (0.2 and 0.6). The surface 272 

temperatures and the distribution of the surface temperatures for façades with different orientations 273 

are very similar for the two designs, because the surface temperatures are mainly dependent on the 274 

building materials, which are the same for the two designs. The building designs could be optimised 275 

using shadowing to reduce the surface temperatures, but both designs do not take advantage of 276 

shadowing effect, therefore no large differences in surface temperatures for the two designs could 277 
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be expected. This confirms the finding of Allegrini et al. 2015a for more generic building geome-278 

tries. They showed that the temperatures are rather similar for buildings with similar geometry, 279 

building materials and distances from the neighbouring buildings. 280 

 281 

Figure 4: Surface temperatures simulated with BES. 282 

The albedo has a large impact on the surface temperatures. For this case study two extreme values 283 

for the albedos are chosen. For the cases with highly absorbent materials surface temperatures of up 284 

to 70 °C can be found, while the highest surface temperatures for the highly reflective materials are 285 

about 45 °C. The highest surface temperatures can be found on the building roofs for all cases. Ra-286 

ther high surface temperature differences of about 25 °C exist between the sunlit façades and the 287 

unlit façades. In Figure 5 the shadowing effect of the towers on the surrounding roofs can be ob-288 

served. 289 

 290 

 291 

Figure 5: Surface temperatures simulated with BES. 292 
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The results of this section show that the individual surface temperatures can independently be influ-293 

enced by the choice of the building materials and by optimising the building geometries to use 294 

shadowing effects. The surface temperatures impact the local microclimate in different ways. The 295 

air reaches higher values close to surfaces with higher surface temperatures due to the higher con-296 

vective heat transfer. Higher surface temperatures decrease the thermal comfort of pedestrians in 297 

summer due to the increased thermal radiation (Fiala et al. 2012). Generally, when choosing the al-298 

bedo in urban areas, one has to consider that with higher albedos the solar irradiation on the neigh-299 

bouring buildings due to reflection is also increased. If no shading devices are used, this can lead to 300 

higher solar gains in the neighbouring buildings (Allegrini et al. 2016). Finally, high surface tem-301 

peratures due to low albedo values could induce strong buoyancy effects, which change the flow 302 

fields and could increase the removal of heat (Allegrini et al. 2015a and Allegrini et al. 2015b). 303 

5.2. Air Temperatures 304 

Due to the convective heat transfer at the building façades, the surface temperatures have an influ-305 

ence on the local air temperatures in the vicinity of the buildings. Figures 6-8 depict the temperature 306 

differences between the local and ambient air temperatures 2 m above the ground. As explained 307 

above, these temperature differences can be understood as the potential temperature increase caused 308 

by the presence of the new buildings. It is important to remark that only local (small scale) heat is-309 

lands are considered here, while the global urban heat island is neglected. This is possible since on-310 

ly temperature differences and not absolute values are studied. Therefore the temperature differ-311 

ences between the local air temperatures and the rural temperatures would be even higher. 312 

 313 

Figure 6: Temperature differences between the local and the ambient air temperature 2 m above 314 

the ground for design A. The wind speed is 5 m/s (10 m above the ground). The results are present-315 

ed for two albedos: 0.2 (a,c) and 0.6 (b,d). 316 
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 317 

Figure 7: Temperature differences between the local and the ambient air temperature 2 m above 318 

the ground for design B. The wind speed is 5 m/s (10 m above the ground). The results are present-319 

ed for two albedos: 0.2 (a,c) and 0.6 (b,d). 320 

The results in Figures 6-8 show that the air temperatures at the building site can locally increase by 321 

about 1 °C on a summer afternoon due to the construction of new buildings. In Figure 6 the temper-322 

ature differences are given for the design A with a wind speed of 5 m/s at 10 m height. The results 323 

are given for two wind directions and two albedo values. While the different wind directions lead to 324 

local urban heat islands at different locations with about the same intensity, the higher albedos sig-325 

nificantly reduce the local heat island intensities for both wind directions. The highest temperature 326 

differences for an albedo of 0.2 is about 1 °C and for an albedo of 0.6 only about 0.5 °C. The lower 327 

air temperatures for higher albedos are caused by the lower building surface temperatures and there-328 

fore lower convective heat transfer. High local heat island intensities can mostly be found in areas 329 

that are highly surrounded by buildings. These areas are not well ventilated by wind. Comparing 330 

Figure 6a with Figure 6c, it can be seen that the ventilation of such areas can be strongly dependent 331 

on the wind direction. One of the areas with a courtyard shape has much higher local heat island in-332 

tensity in Figure 6a compared to Figure 6c. In Figure 6c local heat islands downwind of the build-333 

ings can be found. These are caused by standing vortices that trap the air in the street canyon. In the 334 

same figure it can also be seen that the ventilation is improved by having an open space between the 335 

existing and new buildings, where the air can enter the building site and flow into the street canyon. 336 

In Figure 7 the same results as in Figure 6 are presented for the design B. Also for design B the al-337 

bedos have a large impact on the local microclimate. As for design A a local heat island can be 338 

found for northerly wind directions in an area that is surrounded by buildings. There is a second 339 

similar area, where also a high local heat island intensity could be expected. But in that area the air 340 

temperatures are significantly lower. The detailed flow structures in these courtyards are presented 341 

in Figure 12 (see below). For design B the local heat island are larger for westerly compared to nor-342 
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therly wind directions. For this case the larger local heat island mainly forms due to the fact that the 343 

street canyon is not well ventilated for westerly wind directions, because the existing buildings 344 

downstream of the building site block the wind flow. This shows that street canyons that are formed 345 

by a number of individual buildings with small distances between the buildings perform similar as 346 

street canyons that are formed by two very long buildings, which are often used in studies with ge-347 

neric building geometries (e.g. Allegrini et al. 2015a). 348 

 349 

Figure 8: Temperature difference between the local and the ambient air temperature 2 m above the 350 

ground for design A (a ,c) and B (c,d). The wind speed is 1 m/s (10 m above the ground). The albe-351 

do is 0.6. 352 

In Figure 8 results from the simulations with 1 m/s wind speeds at 10 m height are presented. De-353 

sign A performs similar for low compared to high wind speeds. The local heat islands are a bit 354 

smaller for lower wind speeds, because the ventilation is increased due to stronger buoyancy ef-355 

fects. Due to buoyancy there is an upwards flow from the urban area to the environment for lower 356 

wind speeds (also shown by Allegrini et al. 2015a and Allegrini et al. 2015b). Therefore more heat 357 

is removed and more cold air can enter the urban area from the sides. This effect is even more pro-358 

nounced for design B. These effects are discussed in more detail in section 5.3.The large local heat 359 

island in the street canyon that exists for the higher wind speeds is strongly reduced in size for the 360 

lower wind speeds. 361 

In Figure 9 the temperature differences between the ambient temperature and the local temperatures 362 

are given on a vertical plane in the centre of the street canyon for design B and two different wind 363 

speeds (1 m/s and 5 m/s at 10 m height). For the lower wind speed case the highest air temperatures 364 

are mostly not found close to the ground, because the warm air is moving upwards. The warm air is 365 

moving upwards in plumes. Therefore the warm air rises higher in plume regions compared to other 366 

regions. For the higher wind speed case the height that the warm air reaches is more uniform and 367 
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mostly influenced by the building height of the upstream buildings. The warmer air does not reach 368 

the same height as the warm plumes for the lower wind speed case. In the higher wind speed case 369 

the regions with higher air temperatures are mostly situated close to the ground. Due to the higher 370 

wind speeds, the flow is in a more forced convective regime and the warmer air cannot move up-371 

wards due to buoyancy. This explains why higher air temperature can be found close to the ground 372 

for the higher wind speed case compared to the lower wind speed case. 373 

 374 

Figure 9: Temperature difference between the local and the ambient air temperature on a vertical 375 

plane in the centre of the street canyon for design B. The albedo is 0.6. The wind speed is 1 m/s (10 376 

m above the ground) for the left figure and 5 m/s for the right figure. The red streamlines indicate 377 

the wind direction (West). 378 

Figure 10 shows temperature differences between the local and the ambient air temperature 2 m 379 

above the ground as well as contour plots of a temperature difference of 0.5 °C for design A and B. 380 

This means that within the contours given in Figure 10 the local heat island intensity is larger than 381 

0.5 °C. In Figures 4 and 5 it could be seen that the highest surface temperatures can be found on the 382 

roofs. The results in Figure 10 show that the highest local air temperature can also be found at the 383 

roof level. In Figure 10c is can be seen that the contours do not reach the ground in the street can-384 

yon and therefore the air temperatures are lower at the ground compared to the roof level. This has 385 

no direct impact on the thermal comfort of the pedestrian, but can influence the performance of the 386 

buildings. For example it can increase the space cooling demands, when warm air is taken in for 387 

building ventilation. For all cases studied here, the warmer air can flow over the neighbouring 388 

buildings. If the neighbouring buildings would be higher, the warm air might be forced to flow 389 

downwards into the street canyon, what would lead to higher air temperatures at the ground level. 390 

Figures 10a and 10c show that the opening between the rows of buildings for design A has a posi-391 

tive impact on the air temperature inside the street canyon. Colder air can flow through this opening 392 

into the street canyon and increases the ventilation. A similar effect can also be found for design B, 393 
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but here the effect is weaker, because the cold air has to flow over a low-rise building. The size of 394 

the continuous local heat islands is larger for design B than design A. 395 

 396 

Figure 10: Temperature differences between the local and the ambient air temperature 2 m above 397 

the ground as well as contour plots of a temperature difference of 0.5 °C for design A (a,c) and 398 

B(b,d). The wind speed is 5 m/s (10 m above the ground). The albedo is 0.2. 399 

Figure 11 shows in addition to the temperature differences also the velocity vector fields projected 400 

on the horizontal plane 2 m above the ground. The results show that for northerly wind directions 401 

the wind is channelled through the street canyon and is able to remove heat. For westerly wind di-402 

rections, corner flows are formed inside the street canyon and have a negative impact on the ventila-403 

tion. The vortex structures are formed in regions, where the wind can enter the street canyons be-404 

tween the buildings. In Figure 11 it can also be seen that in regions, where there are corner flows, 405 

the air temperatures are higher, due to the entrapment of the air. This explains why stronger local 406 

heat islands can be found in the street canyon for westerly compared to northerly wind directions.407
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 408 

Figure 11: Temperature difference between the local and the ambient air temperature and project-409 

ed vector fields 2 m above the ground for design A. The wind speed is 5 m/s (10 m above the 410 

ground). 411 

The results in this section show the complexity of the phenomena that influence the local urban mi-412 

croclimate. Already small changes in wind speeds, wind directions or changes of building geome-413 

tries or materials can have a large impact on the local air temperatures. Based on the temperature re-414 

sults presented in this paper, it cannot be concluded which of the two designs would lead to a better 415 

local microclimate on the pedestrian level of the building site. For some weather conditions design 416 

A performs better and for others design B performs better. A reason for the similar performance of 417 

the two designs is that the designs are rather similar. Due to the long and narrow buildings site the 418 

design options were rather limited. 419 

5.3 Flow fields 420 

There is a strong interaction between the local heat island intensities and the flow structures. To bet-421 

ter understand the formation of local heat island the wind flow structures are studied in this section. 422 

Figure 12 depicts streamlines, which show the reason why in some courtyards high local heat island 423 

intensities can be found and in others the air temperatures are lower. For design A a strong heat is-424 
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land can be found in one of the courtyards (see also Figure 6a). Figure 12 shows that there is a 425 

strong vortex inside this courtyard and the warm air is trapped inside this vortex. There is only few 426 

air leaving the vortex, because there is a taller building downstream of the vortex and the air needs 427 

to flow over this building. The vortex forms exactly in the diagonal direction of the courtyard and is 428 

therefore very stable. In the two courtyards of design B (Figure 12 right) no strong vortexes but hel-429 

ical flow structures are formed. The air is trapped for shorter times in these helical flow structures 430 

and therefore heats up less, what is leading to lower local heat island intensities. For one of the 431 

courtyards the air is leaving the courtyard through an opening between the buildings and for the 432 

other courtyard the air is flowing over the roofs. For the latter courtyard the air is forced to flow 433 

over the roof, because there is a low-rise building inside the courtyard that forced the air in the heli-434 

cal flow structure to move upward from the ground. Based on the results in Figure 12 it can be con-435 

cluded that small geometrical details can have a strong impact on the local air temperatures. There-436 

fore, the conclusions of Allegrini et al. 2015a for courtyards have to be applied carefully, when the 437 

impact of courtyard-like building geometries are evaluated for complex instead of generic building 438 

configurations. 439 

 440 

Figure 12: Streamlines for westerly wind direction for design A (left) and design B (right). The col-441 

ours show the temperature difference between the local and ambient air temperature. The albedo is 442 

0.2 and the wind speed is 5 m/s (10m above the ground). 443 

Figure 13 shows streamlines, which illustrate the reason for large local heat island found in Figure 444 

7c. In Figure 13 (left) in can be seen the for the lower wind speed case the warm air inside the street 445 

canyon is moving upwards and further downstream flowing over the roofs of the neighbouring 446 

buildings. These upwards motions are induced by buoyancy effect. For the higher wind speed case 447 

in Figure 13 (right) the flow structure is significantly different. The air approaching from upstream 448 

is hitting the buildings downstream of the street canyon. There the air is forced to flow downwards. 449 

This downwards flow is forcing the warm air inside the street canyon to stay on the pedestrian level 450 

and a vortex is formed, where the warm air is trapped. This leads to a rather large local heat island 451 

with high intensity. For the higher wind speed case the buoyancy effects are not strong enough to 452 

force the warm air to move upwards and leave the urban area. This shows that buoyancy can have a 453 

positive impact on the local microclimate at pedestrian level. The results presented in this paper 454 

show that buoyancy in a complex urban environment with non-uniform building heights has a simi-455 
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lar impact on the local air temperatures as it has for the generic building configurations with uni-456 

form buildings heights used by Allegrini et al. 2015a and Allegrini et al. 2015b in their studies. 457 

 458 

Figure 13: Streamlines for westerly wind direction for design B. The colours show temperature dif-459 

ferences between the local and the ambient air temperature on a plane 2 m above the ground. The 460 

albedo is 0.2 and the wind speeds are 1m/s (left) and 5 m/s (right) (10m above the ground). 461 

Besides the air temperatures also the local wind speeds have an impact on the thermal comfort of 462 

pedestrians. Figures 14 and 15 show the local wind speeds at 2 m above the ground for eight differ-463 

ent cases. Inside the urban areas the wind speeds are mostly decreased. The highest local wind 464 

speeds can be found in the street canyon and the opening between the rows of buildings for design 465 

A. Depending on the building geometries the wind speeds strongly change in the street canyon. For 466 

westerly wind directions increased wind speeds can be found in the street canyon at one of the cor-467 

ners of the middle tower indicated in red in Figure 14 (see also Figure 1). These corner streams 468 

around high-rise buildings are well known and can only be found for one corner of the three towers. 469 

For all cases also areas with very low wind speeds can be found in the street canyon. The strongest 470 

decrease of local wind speeds can be found in Figure 15d. In general the wind speeds in larger areas 471 

in the street canyon are comparable to the wind speeds outside the urban areas. Comparing Figures 472 

14 and 15 with Figures 6-8 it can be concluded that there is often no clear correlation between the 473 

wind speed and the local air temperature. 474 
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 475 

Figure 14: Local wind speed 2 m above the ground for design A (a,c) and design B (b, d). The wind 476 

speed is 1 m/s (10 m above the ground). The albedo is 0.6. 477 

 478 



 

 

 19/24 

Figure 15: Local wind speed 2 m above the ground for design A (a,c) and design B (b, d). The wind 479 

speed is 5 m/s (10 m above the ground). The albedo is 0.6. 480 

 481 

6. Limitations 482 

In this paper the influence of different building geometries and materials on the local microclimate 483 

in an existing urban neighbourhood in Zürich (Switzerland) was investigated. The study shows in-484 

teresting results on the formation of local heat islands, but the approach applied in this study has 485 

some limitations, which are discussed here. Only two wind directions were considered. With a larg-486 

er number of wind directions the performance of the two designs could be evaluated in more detail. 487 

Possible impacts of traffic and vegetation on the microclimate were neglected. The large scale ur-488 

ban heat island effect was not taken into account, but has a strong impact on the actual values of lo-489 

cal air temperatures. Also more complex building geometries should be used for the simulations. 490 

For example balconies and the detailed location of windows could have an impact on the local mi-491 

croclimate. This study has been conducted for only one climate (Zürich). It would be interesting to 492 

study the microclimate also for other more extreme climates. 493 

The understanding of the local heat island formation could be improved by running time resolved 494 

CFD simulations (e.g. LES: large eddy simulations). Finally a two-way coupling, where the convec-495 

tive heat transfer coefficients from CFD are used in BES, could improve the predicted building sur-496 

face temperatures. 497 

The microclimate for two possible designs of buildings at a building site was simulated for different 498 

weather conditions. The aim was to evaluate the performance of the designs and decide based on 499 

the results, which design would lead to a more comfortable local microclimate. From the case study 500 

it has to be concluded that no such decision could be made, because the performance of the designs 501 

is strongly dependent on the weather conditions and none of the designs performed clearly better for 502 

a large number of weather conditions. 503 

7. Conclusions 504 

A case study, where the urban microclimate at a building site is simulated with coupled CFD-BES 505 

simulations, is presented in this paper. The results show that in summer the building surfaces can 506 

reach very high temperatures. The surface temperatures can strongly be reduced by using building 507 

materials with high albedos. The albedo not only influences the surface temperatures, but also the 508 

air temperatures in urban areas. For the case study of this paper, the air temperature in an urban area 509 

could increase up to one 1 °C in summer, if additional buildings are built on a building site with an 510 

area of about 6.5 hectares. The rather low heat island intensity is explained by the fact that we simu-511 

late the increase in local heat island intensity created by the heating up of the air the building sur-512 

faces themselves, while we do not consider the heat island intensities created by the global UHI nor 513 

the heating up of the air by the city quarter surrounding the considered city block. This approach 514 

was chosen to study the impact of the new additional buildings on the local air temperatures inde-515 
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pendently. The CFD simulations show a strong influence of the local wind structures on the local 516 

heat island intensities. Local heat islands can mainly be found in areas, where open urban spaces are 517 

surrounded by buildings or where large vortex structures occur and therefore the site ventilation is 518 

reduced. The flow structures in the studied area are very complex. Not only the wind speeds and 519 

wind directions have a large impact on the local flow structures, but also the air temperatures influ-520 

ence the wind flow due to buoyancy. 521 

Although a specific urban area in the city of Zürich (Switzerland) was studied, this specific study 522 

supports a number of more general conclusions, which can be drawn from the detailed urban micro-523 

climate analysis presented in this paper: 524 

- Building surface temperatures can be strongly decreased by choosing building materials with 525 

high albedo values. The albedo values strongly influence the building surface temperatures and 526 

also the local outdoor air temperatures of areas between the buildings. 527 

- Heat islands are formed very locally between buildings. Their formation is found to be highly 528 

dependent on the building geometry, the building materials used, wind direction and wind 529 

speed, studied in this paper. 530 

- Buoyancy is especially important in urban areas, where wind speeds between buildings are ra-531 

ther low and the surface temperatures are high. For low wind speeds buoyancy can reduce the 532 

local heat islands, because the warm air can move upwards and be removed from the urban ar-533 

ea. 534 

- Heat is often entrapped in vortex structures and therefore local heat islands are often formed, 535 

where vortex structures are found. 536 

- Local air temperatures close to the ground are mostly higher for high wind speeds compared to 537 

low wind speeds, because in the high wind speed case vortex structures are formed characteris-538 

tic for a more forced convective flow regime. For low wind speeds plumes of warm air are 539 

formed and the warm air is more efficiently removed from the ground level by buoyancy. 540 

- Openings between buildings or the presence of high-rise buildings in a lower building area can 541 

increase the ventilation and lead to lower local air temperatures. 542 

- Comparing the results of this study with results from studies with generic building geometries 543 

show that the latter have to be used carefully, when evaluating the performance in terms of lo-544 

cal microclimate of complex building configurations. Especially for courtyard-like geometries 545 

high care is needed, while street canyons might be less critical. 546 

- The results of this case study show that the more complex geometries of city blocks and build-547 

ings lead to the appearance of local heat islands at different locations. 548 
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