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1. Introduction 

Almost all current sewer networks in Flanders are of the 

mixed type, meaning that both waste water and storm water 

are transported in the same conduit to the waste water 

treatment plant (WWTP). To effectively operate these 

networks and the accompanying treatment infrastructure, the 

Flemish water company Aquafin makes use of simulation 

models to predict discharges to be received at the WWTP, 

and to detect bottlenecks in the network regarding combined 

sewer overflows (CSOs) and flooding of the system. For 

these models to produce reliable results, they of course 

require accurate rainfall input data. 

 

Previous studies at the Hydraulics Laboratory of the 

Katholieke Universiteit Leuven (K.U.Leuven, Belgium), 

among other studies, show that it is important to take the 

spatial variability of rainfall into account when simulating 

sewer networks. Luyckx et al. (1998) demonstrated that 

using spatially distributed rainfall input for sewer models 

can result in deviations up to 15% in the downstream 

discharge, compared to results based on uniformly 

distributed rainfall input, and this even for a relatively small 

catchment of 15 km2. In addition they have shown that, when 

using uniform rainfall input based on single point 

measurements, the simulation results highly depended on the 

location of the measurement point, i.e. rain gauge. 

Differences up to 60% are found compared to the situation 

where data from a central point in the catchment are taken. 

By using a spatial rainfall generator for the Flanders region 

of Belgium, developed by Willems (2001), Vaes et al. 

(2005) calculated areal correction factors for catchment 

averaged rainfall. They concluded that only for small 

catchments, with a radius up to 1 km, no systematic 

differences exist between the catchment averaged rainfall 

and the catchment central point rainfall. 

 

These studies were based on rainfall data from rather 

dense networks of rain gauges. Although measuring 

campaigns for research purposes justify the effort to install 

and maintain such dense rain gauge networks, this is often 

expensive and cumbersome in an operational context. 

However, the use of weather radar, which measures rainfall 

at a much higher spatial resolution than any rain gauge 

network, can offer a solution. Currently, the Hydraulics 

Laboratory is performing research regarding the potential of 

using short range X-band weather radars to derive spatially 

distributed rainfall input for sewer system models. The 

project is funded by Aquafin. In the framework of this 

research, a Local Area Weather Radar - City Radar (LAWR-

CR, DHI, Denmark) has been purchased and installed in the 

city centre of Leuven. The system is based on standard X-

band marine radar technology, making it cost-effective in 

comparison to other systems. 

 

Since marine radars are manufactured for naval navigation 

purposes rather than meteorological measurements, their 

transmitted electromagnetic beam tends to have a large 

opening angle, making them more sensitive to direct ground 

clutter when installed on the main land. The term “direct” 

ground clutter is used here to denote the reflected echoes as 

a result of radiation directly aimed at the ground, as opposed 

to ground reflections originating from anomalous 

propagation of the radar beam. With a vertical opening angle 

of 10 degrees up and down – the radar points horizontally – 

the LAWR-CR suffers from this disadvantage as well. 

Furthermore, its limited range of 15 km for quantitative 

precipitation estimation restricts the number of suitable 

installation sites, since they all have to be near the study 

area. Therefore, finding the appropriate location is a critical 

step in the installation of the system. This paper describes an 

empirical approach based on on-site clutter tests to assess 

the suitability of particular sites for the radar installation. 

2. Materials and methods 

2.1 Study area 

To evaluate the impact of the spatial variability of rainfall 

on sewer network simulation results, a full hydrodynamic 

model of the common sewer network of the communities of 

Winksele, Herent and Wijgmaal is available. These 

catchments are situated to the northeast of Leuven, with a 

densely populated area of about 9.13 km
2
 and about 16100 

inhabitants (Fig. 1). 

 

In the region of the studied catchment, a tipping bucket 

rain gauge network of nine gauges exists. All gauges are 

fully dynamically calibrated according to the method 

described by Luyckx & Berlamont (2001). Data from these 

gauges are used for the radar calibration and validation 

process. 

Fig. 1 Catchment under study: Winksele, Herent and 

Wijgmaal near the city of Leuven. 
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2.2 Possible installation sites 

Four sites, which are further discussed in the ‘Results’ 

section, were regarded as appropriate for testing. First of all, 

a preselection of sites was made, based on the elevation of 

the locations, since the radar has to operate in an urban 

environment with several tall buildings. Therefore, the 

installation site has to be quite elevated in order to minimize 

beam blockage. Based on several criteria, such as permission 

of the property owner, accessibility to power supply and data 

transmission, and minimal beam blockage in the direction of 

the study area originating from local obstacles, the number 

of locations was further narrowed down to four. 

2.3 Test radar 

The test setup comprises a small X-band radar, the so-

called Micro Radar (DHI, Denmark), and can be seen in  

Fig. 2. This system has a small marine radar antenna, which 

is connected to the same signal processing equipment as the 

LAWR-CR. The very small size of the antenna, the diameter 

of the radome being 46 cm, makes fast assembly and 

disassembly possible. The Micro Radar has a horizontal 

beam width of 5.2° and a vertical beam width of 25°. The 

peak output power is 2.2 kW and the maximum range is 

approximately 45 km. A comparison between the Micro 

Radar and the LAWR-CR can be seen in Table I. 
 

TABLE I 

PROPERTIES OF THE MICRO RADAR AND LAWR-CR 

 Micro Radar LAWR-CR 

Frequency (MHz) 9410 ± 30 9410 ± 30 

Peak output power (kW) 2.2 4.0 

Horiz. beam opening (°) 5.2 3.9 

Vertic. beam opening (°) 25 20 

Rotation speed (rpm) 24 24 

Antenna type 
microstrip 

radiator 

55 cm hybrid 

array 

 

The Micro Radar is installed at each site of interest. The 

antenna rotates at a speed of 24 rounds per minute, and each 

scan results in a polar image with the number of counts for 

every pixel. These counts are a dimensionless measure for 

the amount of returned power. Every 5 minutes images are 

composed as the average of all the scans and transformed to 

a Cartesian image. This means that every pixel value is the 

average of 120 samples, expressed in counts. At each 

location, three 5-minute images are taken. Since the tests are 

conducted in dry weather conditions, it is assumed that the 

received echoes originate from ground targets, such as 

buildings, roads and hill slopes. Although ground reflections 

are less intense for the Micro Radar, due to the lower output 

power, the larger vertical opening angle compensates for 

this. Taking these contrasting features into account, the 

results of the performed clutter tests are considered 

representative for the expected clutter at each location. 

 

2.4 LAWR-CR 

Compared to conventional C- and S-band weather radars, 

the LAWR-CR emits little energy. However, the sampling 

volume is larger, which compensates for this drawback. 

Indeed, a larger volume contains more particles to reflect the 

emitted energy, resulting in higher amounts of received 

power per unit emitted power. Naturally, the larger sample 

volumes render the LAWR-CR more sensitive to partial 

beam filling, especially at large distances to the radar. This 

limits the range suitable for quantitative precipitation 

estimation of the LAWR-CR to about 15 km. However, 

given the rather small size of most urban catchments, this 

limited range imposes no significant restriction on the use of 

the LAWR-CR when installed at an appropriate location. 

Fig. 2 Micro Radar test setup. 

3. Results 

In the evaluation of the clutter fields, it was found that 

variations between the three images from each location were 

negligible. Therefore, only one image from each location is 

selected for further analysis and discussion. In the clutter 

images, dark areas represent areas with strong reflected 

echoes, while in light areas the clutter is less severe. The two 

concentric circles have radii of 5 km and 10 km respectively. 

3.1 “Riverside” residence 

The “Riverside” residence is a 21-storeyed residential 

building in the southern region of Leuven, one of the tallest 

buildings in Leuven. The distance to the study area is 

approximately 7 km. The radar can be installed fairly easily 

on top of the roof, and no local obstructions are present, 

resulting in a clear view for the radar. Due to this clear view, 

the location produces enormous amounts of clutter, as can be 

seen in Fig. 3. Despite the heavy clutter, the study area 

remains mostly unaffected. Therefore, this location seems to 

be suitable for the radar installation. However, the existing 

clutter covers many rain gauges, making them useless in the 

radar calibration and evaluation. Therefore, the Riverside 

residence was not considered any further. 

Fig. 3 Picture of the Riverside residence building, and the 

resulting clutter image. 
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3.2 Ecowerf 

Ecowerf is a municipal company that collects and 

processes the domestic waste of the Leuven region. The 

distance to the study area is 5 km, making this site the most 

nearby of all four sites. This is interesting concerning the 

polar resolution of the radar, because at close range the 

azimuth resolution is higher, giving a more detailed view on 

the spatial variation of rainfall. Unfortunately, the Ecowerf 

location produces serious amounts of clutter above the study 

area (Fig. 4). Clearly, this location can not be considered an 

appropriate installation site. 

Fig. 4 Picture of the Ecowerf building rooftop, and the 

resulting clutter image. 

3.3 Provinciehuis 

The Provinciehuis building accommodates the 

administration of the provincial government of Flemish 

Brabant. The distance to the study area is comparable to that 

of the Riverside residence. The building counts 13 storeys, 

meaning that the radar site is located 48 m above ground 

level. The presence of a pit to install the radar in makes this 

location particularly interesting. The pit wall could act like a 

clutter fence, cutting of the lower part of the beam, which 

should result in a decrease in ground clutter (Fig. 5). 

Fig. 5 Simplified sketch of the beam cut-off. 

As can be seen in Fig. 6, the radar detects considerable 

clutter at short distance, but almost no clutter above the 

study area, even though the radar is installed in the middle of 

a densely populated urban environment. This suggests that 

the beam cut-off by the pit wall effectively reduces ground 

clutter. 

3.4 Waste water treatment plant Bierbeek 

The Bierbeek waste water treatment plant is owned by 

Aquafin, which undoubtedly is a practical advantage 

concerning the installation. Unfortunately, the height of the 

building is limited to one storey, so considerable beam 

blockage is expected. Also, the large distance of 10 km to 

the study area will have a negative impact on the spatial 

resolution. Despite these shortcomings, the location is tested 

to investigate whether these negative presumptions are 

correct. 

 

Surprisingly, Fig. 7 shows that this location produces very 

little clutter, both above the study area and the rain gauges. 

Possibly, these positive results are caused by a hill crest 

between the radar site and the catchment under study. This 

crest might block the lower part of the beam before it 

reaches the study area, lowering the amount of clutter. 

However, this reasoning fails to explain the absence of 

clutter in the same direction at distances close to the radar. It 

could be that the reflected ground echoes, which are 

scattered in all directions, are more difficult to detect by the 

radar because of its limited installation height. 

Fig. 6 Picture of the Provinciehuis building rooftop, and the 

resulting clutter image. 

Fig. 7 Picture of the Bierbeek site, and the resulting clutter 

image. 

3.5 Site selection 

From the previous discussion, two out of four locations 

appear to be suitable for the installation of the LAWR-CR, 

namely the Provinciehuis location and the WWTP of 

Bierbeek. Both perform well concerning the amount of 

clutter above the study area, and they provide easy access to 

power supply and broadband connection for remote control. 

 

The WWTP at Bierbeek however, has the largest distance 

to the catchment under study, resulting in larger sampling 

volumes, and hence a lower spatial resolution. Therefore, the 

Provinciehuis location is considered to be most appropriate 
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to install the LAWR-CR. The next section describes some 

aspects of this installation. 

4. LAWR-CR operation 

4.1 Antenna installation 

The LAWR-CR antenna is mounted on a steel frame   

(Fig. 8). Because the building owner – understandably – 

refused penetration of the roof, the support required 

additional weight to sustain the most severe wind loads. This 

weight is provided by small concrete blocks, resulting in a 

total mass of 320 kg. According to the used design standard, 

this weight should ensure resistance to wind velocities up to 

131 km/h. In Flanders, this wind velocity has a return period 

of 1000 years. 

Fig. 8 LAWR-CR antenna installation on top of the 

Provinciehuis building rooftop. 

4.2 Data processing 

The data processing unit consists of two computers 

handling the complete data processing. Savina (2008) gives 

a detailed overview of all data processing steps, which can 

be summarized as follows: The first computer, the processor 

pc, processes the signal. After attenuation and sample 

volume correction, a clutter map, i.e. a radar image during 

dry weather conditions, is subtracted from the image. 

Afterwards, the polar data are stored on the second 

computer, the communicator pc, which also transforms the 

polar data to Cartesian data in different resolutions, and 

applies a median filter on the resulting image. The filtered 

data are stored as well, and contain a number of counts for 

every pixel. The time resolution of the data is one minute. 

5. Preliminary results 

The LAWR-CR is operational since the beginning of 

April 2008. In the afternoon of April 23, two rain events 

passed the Leuven region. On average, the four rain gauges 

inside the boundary of the modelled catchment recorded 

10.7 mm of rain during the first event. The event lasted 

approximately one hour and ten minutes, the peak intensity 

being 72 mm/h during a two-minute period. According to the 

IDF-relationships of Vaes (1999), this event has a return 

frequency between 2 and 3 times per year. During the 

second rain event, the four gauges recorded 4.3 mm of rain 

in a time period of about 100 minutes. The maximum 

recorded intensity in this event, on a two-minute basis, is 30 

mm/h. According to the IDF-relationships of Vaes (1999), 

the return frequency of this event is about 20 times per year. 

 

Fig. 9 shows the recorded cumulated rainfall amount at 

ground level on one location in the catchment and the 

number of counts of the corresponding pixel (size: 125 m x 

125 m) for the above described events. As can be seen, the 

LAWR-CR succeeds fairly well in recording the presence of 

rain. However, from the first event it becomes clear that a 

high rainfall rate does not necessarily correspond with a high 

number of counts, and vice versa. The scatter plot in Fig. 10, 

which shows the rainfall rate measured by all tipping bucket 

rain gauges inside the catchment boundary against the 

number of counts of the corresponding pixels, illustrates the 

large variation between number of counts and rainfall rate 

measured at ground level at a point location. The fact that no 

rainfall rate measurements below 6 mm/h are present in the 

plot is because this is the minimum recordable rainfall rate 

of the tipping bucket rain gauges at the two-minute 

resolution. 

 

The rather small correlation could be due to local 

variations of rainfall rate even within the sample volume, 

resulting in a different average in the pixel value compared 

to the rain gauge. Averaging the measurements in time and 

space would probably increase the correlation (Krajewski, 

1997). However, it should be noted that an optimization of 

the parameters in the data processing steps, such as 

attenuation correction, sample volume correction and clutter 

removal, could possibly reduce the variance as well. Both 

the time-space averaging and the parameter fine-tuning 

require longer data series than available at the time of 

writing. 

Fig. 9 Comparison of the cumulated rainfall amount, 

recorded by a rain gauge, and the number of counts in the 

corresponding pixel. 

6. Conclusions 

In a research project of the Hydraulics Laboratory of the 

K.U.Leuven, a Local Area Weather Radar – City Radar 

(DHI, Denmark) has been purchased and installed 

somewhere in the densely populated city centre of Leuven. 

The aim of the project is to investigate the potential of using 

short range X-band weather radars to derive spatially 

distributed rainfall input for sewer system models. 
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Fig. 10 Scatter plot representing the rainfall rate measured 

at ground level against the number of counts of the 

corresponding pixel. 

 

Since the LAWR-CR is based on marine radar technology 

for navigation purposes, the vertical opening angle of the 

transmitted beam is quite large, namely 10 degrees up and 

down. As a result, the system is rather sensitive to direct 

ground clutter, and selecting an appropriate location is 

crucial to obtain good quality data. Therefore, clutter tests 

have been performed on four locations in the Leuven region, 

which were considered appropriate for radar installation. 

The clutter tests are based on measurements in dry weather 

conditions with a Micro Radar (DHI, Denmark), a smaller 

version of the LAWR-CR. 

 

From the results of these tests, it became clear that the 

Provinciehuis location produced acceptable amounts of 

clutter, mainly due to a pit wall which cuts off the lower part 

of the beam. This finding, combined with the easy access to 

power supply and data transmission, resulted in the selection 

of the Provinciehuis location as installation site for the 

LAWR-CR. The system is operational at this site since the 

beginning of April 2008. 

 

From the preliminary analysis of the first measured storm, 

it is clear that the rainfall rate measured by the tipping 

bucket rain gauges and the number of counts in the 

corresponding radar pixel show a rather weak correlation. 

This is probably due to the small time step of two minutes of 

the data in the comparison. Averaging the data over larger 

time and spatial scales will probably lower the variance. 

7. Future work 

The next step in the project will be the fine-tuning of the 

data processing parameters, such as noise removal, 

attenuation correction and sample volume correction. This 

fine-tuning is an experience based trial-and-error procedure 

which is performed by the manufacturer. Also, in this stage 

of the research it is investigated whether the remaining 

amount of clutter can be reduced by adjusting the antenna 

height, and thus optimizing beam cut-off. 

 

Next, a relationship between the number of counts 

measured by the LAWR-CR and the rainfall rate recorded at 

ground level has to be established in order to calculate 

rainfall estimations from the radar images. According to the 

manufacturer of the LAWR-CR, a linear relationship is most 

suitable, which is confirmed by Rollenbeck & Bendix 

(2006). Since the project serves as a pilot study for possible 

future implementations of similar radar systems, the 

influence of several practical issues on the radar calibration 

will be investigated, hopefully resulting in useful guidelines. 

For example, the influence of the number of rain gauges 

used in the calibration process will be analyzed. Also, the 

effect of tipping bucket rain gauge accuracy on the radar 

calibration and its performance will be examined. 

 

When the radar measurement accuracy is considered 

acceptable, the impact on sewer model simulation results 

will be studied e.g. simulation accuracy, CSO frequency and 

flood frequency. Hopefully this analysis enables proposing 

improvements and additions in current Flemish sewer system 

modelling guidelines regarding the spatial distribution of 

rainfall. 
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