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Evaluation of the source area of rooftop scalar measurements in 
London, UK using wind tunnel and modelling approaches. 

Figure 1. a) Satellite view of the WCC building (©Google Earth), b) View of the DAPPLE model 
inside the wind tunnel with WCC building circled (http://www.dapple.org.uk/windtunnel.html), 
c) the source area in relation to the source weight function (Schmid, 1994) and d) dimensions 
of the source area as described in Schmid (1994). 
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a) b) 

c) d) 

 Source Area Model 

• The empirical Schmid (1994) SAM-2 scalar model is used, based on semi-
empirical turbulent diffusion equations and closure assumptions (Fig.1 c & d). 

• The model is sensitive to z0, measurement height (zm), Obukhov stability 
(Zm/L) and the magnitude of crosswind turbulence (σv/u*). 

 

 Results 

 Wind Tunnel Measurements 

• Generally higher propane concentrations are measured closer to the FFID and 
support the elliptical nature of the source area (Fig. 2).  

• However, there is some influence of whether the source pipe is a street or 
rooftop level and some buildings influence the flow. 

 

 Source Area Model – Wind Tunnel 

• For the wind tunnel, the input parameters were given as zm = 0.09m, σv/u* = 
1.4, L = 10,000 and z0 = 0.0038 m. 

• This resulted in a source area of upwind length 4.7 m, crosswind width 1.43 m 
and area 5.27 m2. 

• This source area exceeded the size of the source area observed in the tunnel 
and substantially exceeded the size of the DAPPLE model (Fig. 3a).  

• When scaled to full-scale, the source area produced has length 935 m, 
crosswind width 287 m and area 0.21 km2. 

 

 

Figure 2. Schematic plan view of the DAPPLE model inside the wind tunnel with FFID 
measured concentrations (colours) given in ppm at the location of the source pipe (dots) 
for the wind direction of 225° (0° represents wind entering from the left-hand side) . The 
FFID is located at the marked point (star). 

 Source Area Model – Full Scale 

• At the full scale, the input parameters were given as zm = 18 m, σv/u* = 4.0, L 
= 10,000 and  z0 = 0.76 m. 

• This resulted in a source area of upwind length 959 m, crosswind width 832 
m and area 0.63 km2 (Figure 3b). 

• This is larger than the up-scaled source area from the wind tunnel as a result 
of the larger σv/u* producing a wider source area.  

 Next Steps 

• Source areas will be calculated for a range of wind directions in the wind 
tunnel and at full scale.  

• Comparisons will be made between the location of the maximum source 
concentration in the wind tunnel FFID measurements and the wind tunnel 
source area model. 

• Detailed examination of wind profile in tunnel and full-scale to identify 
zones in which buildings influence the flow 

• Consideration of the influence of buildings on the source area model and 
avenues for an urban parameterisation. 

 

 

Figure 3. An estimate of the 50% source area for the wind-tunnel scale overlaid onto a) a 
schematic plan view of the DAPPLE model, b) a satellite view of the WCC area  (© Google 
Maps, scaling is estimated).  
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a) b)  Introduction  

 Source Area Models (SAMs) are used to determine the ‘field of view’ of an 

instrument measuring a flux or scalar concentration. They are well tested for 

low roughness lengths but their applicability in urban areas is not well 

understood. We examine the representativity of a commonly used SAM for 

scalar concentrations measured from a rooftop eddy covariance (EC) mast.  

 Methods 

London Measurements 

• Instrument located on rooftop (18 m) of Westminster City Council (WCC) 
building on Marylebone Road, London (Fig.1a).  

• EC instrumentation: Licor Li-7500a and Gill R3-50 sonic anemometer. 

• Typical roughness length for the surrounding 1km area is 0.76 m 

 

 Wind Tunnel Measurements 

• EnFlo wind tunnel at the University of Surrey was used (Fig. 1b) with neutral 
stability, reference windspeed of 2 m s-1 and roughness length (z0) of 0.01mm. 

• A 1:200 scale model of the area surrounding the WCC building from the 
DAPPLE project (Dobre et al., 2005) was mounted on a turntable (Figure 1b). 

• A Fast Flame Ionisation Detector (FFID) was mounted on a traverse at approx. 
scaled height  of EC mast from rooftop. 

• A source pipe emitting propane gas at a constant rate was moved around the 
streets and rooftop at 5 mm from street/roof level. 

 

  

 


