
MODELING URBAN METEOROLOGY OVER IDEALISED CITIES. COMPARISON BETWEEN 
RESULTS OF URBAN PARAMETERIZATION IMPLEMENTED IN MESOSCALE MODEL AND 

HORIZONTAL SPATIAL AVERAGE PROPERTIES OBTAINED USING CFD SIMULATIONS 
 

Jose Luis Santiago and Alberto Martilli  
 

Environment Department, Research Centre for Energy, Environment and Technology (CIEMAT), Madrid, Spain. 
 

Abstract: Air quality inside the urban canopy layer (UCL) is important because here is where people live and a significant part of 
the emissions are located. In this way, the modeling of UCL is also important. Different factors such as the increase of urban 
population and the improvement of computational power, has produced an increasing interest on urban mesoscale modeling since 
mid 1990s. However, the modeling of urban boundary layer is difficult because it is influenced by the complex morphology of a city 
(buildings, cars, gardens) with different mechanical and thermal/radiative properties. In addition, the domain of mesoscale models 
has a horizontal extension of several tens of kilometers (the whole city and its surrounding area) and, for computational reasons, it is 
not possible to solve explicitly the flow around buildings. Therefore, urban parameterizations are necessary for high resolution 
mesoscale simulations. On the other hand, Computational Fluid Dynamics (CFD) models can solve explicitly the flow around 
buildings but their simulation domains cannot cover the whole city. In this work, focused on mechanical effects produced by 
buildings, CFD simulations and the horizontal spatial average of the different flow properties are used to assess the performance of 
an urban parameterization implemented on a mesoscale model and find its strengths and weaknesses. Horizontal spatial average of 
the CFD results around the buildings are made in order to compare with similar mesoscale variables corresponding to a column of 
computational cells over a urban zone with the same characteristics as the CFD configuration. In this case, the city is represented by 
an array of cubes. 
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1. INTRODUCTION

The impact of the city on the urban wind simulated by a mesoscale model can be considerable. These models use 
parameterization to simulate the effect of urban zones. In this way, the objective of this study is to evaluate the 
performance of the urban parameterization implemented on a mesoscale model using results of microscale model 
(CFD model). The CFD models use better resolution and solve the wind around building explicitly. Hence horizontal 
spatial average of CFD results are compared with the results of the mesoscale simulation using the urban 
parameterization.  
 
2. CASE CONFIGURATION 

In this study, the city is represented by a staggered array of cubes (Fig. 1). The packing density is characterised by the 
non-dimensional ratios f and p. defined in equation (1) and (2). 
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where h, W and L are the dimensions of the obstacles. In this case, the obstacles are cubes and h = W = L. In the 
configuration studied Sx = Sy = h (Fig. 1). Hence, f = p = 0.25.

The staggered array of cubes (Fig. 1) is simulated using a CFD model and a 1D version of a mesoscale model with an 
urban parameterization described in the next sections. 

Figure 1. Plan view of the array of cubes studied. 
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Simulation 1: The urban parameterization is used with the standard value of the Cdrag = 0.4. The problem is that this 
value depends on the configuration and packing density of the array and for a given configuration also changes with 
z, but it is considered constant in the parameterizations (Red curve in Fig. 5, 6, 7). 
 
Simulation 2: Same as 1 but using the value of the Cdrag averaged inside the urban canopy obtained in the CFD-RANS 
simulations (Cdrag = 52.5). The problem in this case is that Cdrag is not constant with height taken very large values 
close to the ground (U is almost 0 close to the ground) (Green curve). 
 
Simulation 3: Same as 1 but changing the value of the Cdrag for other value (Cdequiv= 1.78). This Cdequiv is computed
making two consideration. Firstly it must be constant with height, and secondly the drag force integrated in the whole 
urban canopy using Cdequiv must be correctly computed (see equation 10). This value depends on the configuration 
and packing density of the array and is calculated from CFD-RANS simulation results (Blue curve). 
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Simulation 4: Same as 3 but with the addition in the momentum equation of a vertical profile of the dispersive stress 
computed with the results of the RANS simulation (Cyan curve). 
 
Simulation 5: Same as 3 but changing the Cdrag for Cdmod that takes into account the TKE and DKE (dispersive kinetic 
energy) and it is relatively constant with the height. More information about Cdmod can be found in Martilli, A. and 
J.L. Santiago (2007) and Santiago et al. (2008). The DKE is computed with the results of the RANS simulation and 
added to the urban parameterization.. In this case Cdmod = 0.64(Purple curve). 
 
Vertical profiles of U, TKE and shear stress obtained from the five mesoscale simulations and the variables averaged 
from the RANS results are shown in Figures 5, 6 and 7. The U profiles of simulations 3, 4 and 5 are similar above the 
canopy. In the bottom part of the canopy, there are some differences. A smoother increase of velocity (more similar 
to the RANS results) is observed when the dispersive stress is taken into account. However, the simulations 1 and 2 
show behaviours far away from the RANS velocity profile. In the simulation 1, the drag force is underpredicted, 
hence the wind speed is overestimated. The opposite case happens in the simulation 2. This fact shows the 
importance to use a suitable value of the Cdrag or other suitable parameterization for the drag force in the momentum 
equations. Concerning the TKE and the shear stress there are not high differences among the simulations, especially 
the shear stress is well predicted. TKE is underpredicted in the bottom part of  the canopy and the height of its 
maximum is slight underpredicted in comparison with the RANS simulation. 
 

Figure 5. Vertical profile of the normalised streamwise velocity ( uU / ) for the microscale simulation and mesoscale simulations. 

 

7. CONCLUSIONS

These simulations have shown the importance of drag parameterization and the value of the Cdrag that it is usually
considered as a constant in the urban parameterizations. In addition, the effect of the dispersive stress inside the 
canopy has been observed.

In future works, other packing densities and other configurations will be studied in order to find suitable values of the 
sectional drag coefficients and parameterise other variables such as dispersive stress.
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Figure 6. Same as Figure 5 but for turbulent kinetic energy normalised ( 2/uTKE ).

Figure 7. Same as Figure 5 but for shear stress normalised ( 2/'' uwu ).
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