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SECTION 3: DETAILED REPORT ORGANIZED BY WORK PACKAGES.  

WP1  Exploit Existing Cloud Data Sets.  Completed. See previous report.  

WP2  Operate three cloud remote sensing stations. (Deliverable 6)  

3.2 Objectives: 
To operate the stations for a minimum of one week per month for two years. 
To quality control and archive the data. 
To archive the model forecast data over each of the sites.   

3.2.1   Methodology and Scientific Achievements. 
The three stations have been operated since October 2002 with virtually continuous data being acquired 
at both Cabauw and Chilbolton.  As described below the echoes are first categorised into different 
targets, then depending upon the target (e.g. ice or liquid cloud) retrieval algorithms are invoked to 
derive the cloud variables used in the models.  All data is available in the archive and quicklooks can 
be browsed by day or month on the web.  The scientific achievements are summarised below: 

i) Development of a categorisation scheme for the radar and lidar targets. 
ii) Derivation of cloud products on the web with errors in real time. 
iii) Absolute cross-calibration of the three cloud radars at the three sites.   

3.2.2.1 Objective categorisation of radar and lidar targets  

The target categorisation product makes multi-sensor data much easier to use, by combining radar, 
lidar, model, rain-gauge and microwave-wave radiometer into a single data file with an identical format 
for each site, making it easy to then apply synergetic algorithms to the entire CloudNET dataset. It also 
performs the following pre-processing tasks that are necessary before any algorithm may be applied: 

 

Interpolate the various sources of data on to the same grid. 

 

Ingest model data, since many algorithms need temperature (e.g. for empirical ice particle size 
assumptions) and horizontal wind (to convert time to horizontal distance). 

 

Correct radar reflectivity for gaseous attenuation (using model humidity) and liquid water 
attenuation (using microwave liquid water path and lidar diagnosis of the location of the liquid 
clouds). 

 

Quantify random and systematic measurement errors in the various parameters. 

 

Quantify instrument sensitivity. 

 

Use radar, lidar and model to categorize atmospheric targets into liquid cloud, ice cloud, rain, 
aerosol, insects etc.; this is very useful as most algorithms only work with a subset of 
hydrometeor types (see the first panel of the Fig. 1 below). It is also what is used to then 
calculate cloud fraction. 

 

Add data quality flags to indicate the location of ground clutter and whether the various 
sources of attenuation have been corrected for (see the second panel of the Fig. 1 below).  

  

Figure 1: Example of categorisation of targets and their status for one day. 
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3.2.2.2. Observational cloud products produced on a web site with errors in real time.  

A unique system has been developed for converting the raw radar and lidar backscatter signals into the 
cloud parameters held within operational forecasting and climate models.  This comprises the following 
stages as summarised in the figures below. Figure 2 shows the raw measurements from the radar and 
lidar, the rain rate and the liquid water path from the microwave radiometers. The downwelling SW 
and LW fluxes are plotted in Fig. 3. Figure 4 shows the calculated attenuation at 94GHz, and Fig. 5 the 
target categorisation.  The cloud fraction by area and volume and the total cloud cover are displayed in 
Fig. 6. Figure 7 shows the derived ice water content from Z and T alone with error flags and retrieval 
status. Turbulent kinetic energy is show in Fig. 8. This data are available as quicklooks on the web both 
by the month or each day for each site.   

 

Figure 2: Raw data for September 2003. The lidar and radar data is recorded every 30 seconds 
with a vertical resolution of 30 and 60m respectively. 
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Figure 3: The observed downwelling fluxes observed at Chilbolton during September 2003.  

 

Figure 4:  Calculated profiles of attenuation at 94 GHz during the month of September 2003. The 
gaseous attenuation is calculated from the values of the model humidity and temperature.  The 
liquid water attenuation is computed from the values inferred from the radiometer.  

  

Figure 5: Target classification from the observed radar and lidar backscatter signals. The 
detection status flags indicate if the classification is based upon radar and/or lidar returns, and 
the confidence ascribed to the attenuation correction.  (See section 3.2.2.1 for further 
explanation). 
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Figure 6: Cloud fraction products produced for the month of September, both by volume and by 
area of the grid box, and for a one hour period, or for the time equivalent to a 60 km distance 
computed using the model winds.   (See Section  3.3.2.2 for more detail on cloud fraction).      
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Figure 7: Ice water content and error characteristics derived from Z-T alone. The lower panel 
gives the status of the ice water content retrieval  (see 3.3.2.1 for more details).  

 

Figure 8: Derived values of turbulent dissipation energy rate and its estimated error.   

3.2.2.3.  Demonstration of the absolute cross-calibration of three ground based cloud radars.  

A radar inter-calibration campaign took place during three weeks at the Chilbolton (17-25 march 2004) 
and Cabauw (3-7 April 2004) observatories. The major objective of this campaign was as a first step to 
calibrate the 95 GHz RASTA radar from IPSL (usually installed at SIRTA) against the 94 GHz Galileo 
radar (installed at the Chilbolton observatory), absolutely calibrated using the method described in 
Hogan et al. (2003), by taking advantage of the mobility of the RASTA radar. As a second step the 
RASTA radar was installed close to the 35-GHz radar from KNMI (at Cabauw) in order to check that 
the three radars involved within CloudNET have the same calibration. 
Radar calibration is a major issue, since radar reflectivity is one of the inputs for the retrieval 
algorithms of cloud microphysical, radiative and dynamical properties.    
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1st Phase, Chilbolton period: Calibration of RASTA radar against Galileo 
The RASTA radar was installed close (less than 10 m) to the Galileo radar at the Chilbolton 
observatory, both vertically pointing. During the nine days of operations a large variety of clouds were 
observed (non-precipitating ice clouds, precipitations in ice and water phase, light-precipitating 
clouds). 
In order to determine the calibration constant which has to be added to the RASTA reflectivity, a point-
to-point comparison was made on non-precipitating ice clouds. This kind of target (with no low clouds) 
has been chosen in order to avoid attenuation by low clouds or by wet radomes. Figures 9a and 9b 
show the reflectivity time series collected by Galileo (a) and RASTA (b) on 21 February 2004. From 
these figures it is clear that a bias exists between the two instruments with RASTA values significantly 
smaller than the Galileo ones. 

     

Figure 9: Reflectivity time series collected by Galileo (a) and (b) RASTA. (c) Normaliised density 
plot of RASTA reflectivity as a function of Galileo reflectivity. The red line corresponds to the 1-
1 line and the orange one the bias line. (d) Histograms of reflectivity collected by Galileo (blue) 
and RASTA (blue).  

In order to determine this bias value a scatter plot is shown on fig. 1(c). On this figure Galileo 
reflectivity are shown on the x-axis and RASTA data on the y-axis. For each class of Galileo 
reflectivity value the histogram obtained from RASTA values is normalised by the number of point 
within this class of Galileo reflectivity. It can be seen that the dispersion is very small, indicating that 
there does not seem to be a problem with the algorithms used for computation of the reflectivity by the 
two radars. The bias is computed as the absolute difference between the two measurements and in this 
particular case is 6.45 dBZ. 
This bias is also illustrated on Fig. 9d, which shows the histograms of the observed reflectivity of 
Galileo (in red) and RASTA (in blue). This figure also illustrates that it is a real bias between the two 
instruments since the histograms have the same shape, they are only displaced within the reflectivity 
spectra of the bias value. 
The same kind of comparison has been carried out for all the non-precipitating ice clouds observed 
during the period and  gives a bias of 6.47 dBZ for data collected on 24 February and 7.19 dBZ on 25 
February. This bias value is nearly constant (variations lower than 1 dBZ which is the accuracy of the 
Galileo calibration), so it can be concluded that 6.5 dBZ has to be added to the RASTA reflectivity. 
From this data the attenuation by a wet radome can also be inferred. In Hogan et al. (2003) the 
attenuation caused by a wet radome has been estimated for Galileo as 11 dBZ. So if one can assume 
that both radar radomes have the same response, even if they have not the same shape and they are not 
manufactured with the same material. The same kind of comparisons that are illustrated on Fig. 9 have 
been carried out for the case of rains. If 6.5 dBZ is added to RASTA reflectivity the differences within 
rain become 2.44 dBZ on 17 February and 2.79 dBZ for 24 February. It seems than that the RASTA 
radome is about 2.5 dBZ more attenuating than the Galileo radome within rain, which corresponds to a 
13.5 dBZ attenuation due to water on the RASTA radome.  
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