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which consists of 287 hours of volumetric scans 
measured with the McGill S-band radar during 33 
events of stratiform precipitation in Montreal, Quebec 
(Canada). 

3D-reflectivity data over an area of 20 km by 200! 

close to the radar (yellow contour in figure 1) have 
been used to simulate radar measurements at further 

ranges by convolving real observations with the radar 
beam pattern (assumed Gaussianl -Doviak and Zrnic 
1993-; more details of this simulation may be found in 
Bellon et al. 2005).  Original observations (located at 
ranges between 15 and 35 km) have been considered 
to not be significantly affected by range effects and, 
thus, they have been used as the reference to which 
simulations at further ranges are be compared. 

Figure 2 shows an example of the simulated 
observations generated for 5 sectors between 40 and 
200 km every 40 km for the case presented in figure 
1.  The two main factors with range can be clearly 

observed: at further ranges, observations are 
obtained at higher elevations (the melting layer 
signature –the bright band- can be clearly appreciated 
in the simulations beyond 120 km) and the sampling 
volume becomes bigger. 

In this framework, the error due to range effects is 
defined as: 

!
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Xhere !"ZY($,%) are the reflectivity simulations at 

range $ and height %, and !"Z($0,%0) are the reflectivity 
observations at the reference height (1.1 km) in the 
reference sector shown in figure 1. 
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Bellon et al. 2005 have already quantified the 
mean error introduced by range effects and its 
variability.  The mean error as a function of range and 
height of the observations for two particular range of 
bright band heights is shown in figure 3.  This figure 
shows that the bias is kept within narrow limits below 
the bright band (BB); the BB introduces a severe 
overestimation of the reflectivity at ground; above the 

BB, the low returns of snow result in significant 
underestimation.  The effect of the sampling volume 
can also be appreciated: bright band contamination 
extends higher up at further ranges where the beam is 
wider.  The variability of the error (here quantified 
through its standard deviation) tends to increase with 
height, though more slowly as we go further in range 
due to the smoothing introduced in the observations 
by a wider beam. 
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Fig. 3. Mean bias (top) and standard deviation (bottom) of the error due to range effects as a function of range and height 

of the measurements, when the bright band was between 1.4 and 1.8 km (left) and between 2.6 and 3.0 km (right).  The 
red line corresponds to the path of the lowest elevation of the McGill S-band radar (0.5!) and the dotted line shows the 

mean height of the bright band for the analyzed scans. 
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