THE SENSITIVITY OF A 3D STREET CANYON CFD MODEL TO UNCERTAINTIES IN INPUT PARAMETERS.
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Accurate models of air flows in urban streets are an essential prerequisite to predicting the dispersion of traffic related pollutants. They are therefore an important component of the modelling tools available to assist in managing air quality in urban areas. Although much progress has been made in the development of three dimensional computational fluid dynamic (CFD) models of turbulent flows in urban streets, their evaluation with respect to relevant field and laboratory data is less common. Since the models usually include parameterisations of some important features, their evaluation benefits from the inclusion of sensitivity studies that highlight the impact of uncertain input parameters on predicted flow fields.  For example, a description of the velocity profile at the inlet boundary usually depends on the parametrisation of the overall surface “roughness” of the upwind domain. Defining this roughness parameter in variable urban street geometries is highly uncertain. The background wind direction is another parameter that affects predicted flow fields, and yet it is often measured at a significant distance from the area of interest and is therefore uncertain. As such parameters are often used to adapt the model to different scenarios, sensitivity analysis can be used to predict the effects of adjusting a particular parameter. 
In this work, global sensitivity studies using both High Dimensional Model Representations (HDMR) and Monte-Carlo sampling have been carried out on the k-ε closure urban CFD model MISKAM [1]. The scenario studied is that of a complex street canyon in the City of York, UK, with all geometric features of importance within 100m of the section of interest included in the model description [2]. The outputs of interest are the mean wind flow and turbulent kinetic energy (TKE), both of which affect the potential dispersion of pollutants and are the inputs to a coupled Lagrangian dispersion model [2].  The sensitivity of both the TKE and the mean flow fields to the input parameters is detailed, both within a canyon cross section, and at specific measurement points to aid comparison with field data. This analysis gives insight into how model parameters can influence the predicted outputs, as well as the relative strength of their influence. The use of these techniques for identifying problems in the model structure is also shown. 
A comparison of the Monte-Carlo sampling [3] and HDMR methods [4] was also undertaken. This shows that in terms of computational expense and quantity of sensitivity information, HDMR methods outperform Monte-Carlo based techniques. Ten thousand model runs were performed using random sampling for three particular background wind directions to allow for accurate comparison of the two methods. Both Pearson and Spearman rank correlation coefficients were calculated in relation to each of the input parameters, as well as sensitivity indices using HDMR, thus allowing the ranking of parameters in terms of importance. The advantages of the HDMR method include that it can highlight the specific form of the first order response to each parameter and that it can quantify interactions between parameters i.e. their second order effects. It is also shown to be computationally less expensive for this case study, although for some examples this may be offset by the extra development time. Monte-Carlo sampling coupled with standard regression techniques, although simpler to implement, can account only for linear effects. This can however be extended to monotonically varying effects if a rank correlation method is used [3]. 
Four main input parameters are addressed in this study, three of which are surface roughness lengths, determining the flow over a surface. The inflow roughness length is used to determine one-dimensional wind and turbulence profiles at the inlet boundary. The surface roughness length describes the flow over the model’s ground level, while the wall roughness describes flow over the building surfaces, including roofs. The wind direction is varied over 20 degree ranges, which is designed to simulate the uncertainties in wind direction that may occur in a full scale experiment. The value ranges (Table 1) chosen for each parameter are based on both the limitations of the model and information from previous field studies. 
The analysis shows that the sensitivity of the flow structures in and above the canyon to each parameter is very location dependant. In order to present these spatial effects, first order sensitivity indices as represented by the correlations shown in Table 1, are produced at every cross-sectional grid point. Thus, the influence of each parameter can be shown in terms of location as demonstrated for inflow roughness in Figure 1. It is also found that different model outputs are sensitive to different input parameters. The structure of the model can often directly explain these differences. Only small second order effects are found using the HDMR analysis. Hence, the first order sensitivity coefficients are similar to the correlation coefficients calculated from the Monte-Carlo random sampling as shown in Table 1. 
	Input parameter
	Pearson R2
	Spearman Ranked R2
	HDMR first order

	surface roughness(0.5-50cm)
	0.0002
	0.0007
	0.0007

	wall roughness(0.5-10cm)
	0.4420
	0.4582
	0.4507

	inflow roughness(5-50cm)
	0.2808
	0.3008
	0.2845

	background wind direction (90±10°)
	0.2059
	0.2006
	0.2113


Table 1. Example of sensitivity indices for normalised TKE at an in-canyon measurement point for 90±10° background wind direction
Potential problems in the model assumptions/parametrisations were revealed by the sensitivity analysis, since the source of unexpected model responses could be identified. In this particular case, initial sensitivity tests revealed that the above roof roughness length was miss-specified in the model code. For the corrected model, the surface roughness was found to have the lowest overall influence on flow patterns and turbulence within the canyon. In the case of cross canyon flow (background wind of 90° - from the right in Figure 1) the wall and inflow roughness were found to be the most important parameters influencing TKE in the canyon. For along canyon background flow, uncertainties in the wind direction were the most important influence on in canyon flow features. This is not surprising since small deviations in wind direction determine whether the flow is directly channelled down the canyon, or is impeded by local building structures. This high sensitivity has implications for the specification of appropriate reference wind measurements in practical situations.  The analysis also tests assumptions made in the model setup. For example, ideally the model domain should be large enough that the inflow conditions have minimal influence on the in-canyon flow. However, the sensitivity studies show a significant partial variance for inflow roughness for several wind angles, indicating that the model domain could ideally be larger. Increasing the model domain would have implications for the computational expense of the calculations.
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Figure 1. TKE sensitivity to inflow roughness for background wind of 90°, R2 cross-section.
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