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PREFACE 

One of the most challenging but pressing areas of research in hydrology is 

how to describe adequately hydrological processes for a wide range of 

spatial scales and how to link the descriptions of neighbouring scales by 

certain 'rules' of parameterization. 

In this context weather radar for rainfall measurements may be considered 

as an excellent tool of observation. It combines high spatial resolution 

(=pixel) with a relatively long reach (-range) and thus bridges several 

spatial scales by a single observation. And what can be stated about 

spatial scales can also be stated about temporal scales for weather radar. 

By the above mentioned reasons it is not surprising that research toward 

the use of weather radar for hydrological applications is fastly expanding. 

This is further encouraged by improved radar technology. 

Under the Research Programme 'Climatology and Natural Hazards' (1987-1990) 

the CEC has financed a project, entitled 'Application of Weather Radar for 

the Alleviation of the Effect of Climate Hazard'. 

As part of the activities project-partners meet at least once a year to 

discuss results, to exchange ideas and to set up further cooperation. After 

three earlier meetings, held in Grenqble (France), Padua (Italy) and 

Salford (England), a workshop was held in Wageningen (the Netherlands). 

This report is the outcome of the successful meeting. 

Although the attention of the meeting Was mainly focused on the use of 

weather radar for flow forecasting there was also some room for 

presentation of other work, related to weather radar. 

Finally, all contributors are thanked for their efforts, of which this 

report is the concrete result. 

H. Strieker 



A Calibration Study of Ingham Radar 

Kevin TILFORD, Research Associate 
Water Resources Research Group, Department of Civil Engineering 

University of Salford, Salford M5 4WT 
United Kingdom 

Abstract 

This paper presents the results of an extended study of the Ingham weather radar carried out as part of 
the wide-ranging three-year research and development project called the Anglian Radar Information Project. 
A part of this project was to develop procedures for adjusting the radar image in real-time and off-line using 
the regional network of telemetering raingauges. In order to determine the most relevant factors affecting 
precipitation production and radar precipitation estimation in the region a detailed investigation was carried 
out. In particular, the analysis focussed on the problems of precipitation estimation at long-range, a major 
consideration f or the National Rivers Authority sponsoring the work, on problems due to bright-band, and on 
altitudinal effects. Additionally, the existing real-time raingauge-based adjustment scheme applied by the 
Meteorological Office was assessed. 

INTRODUCTION 

The National Rivers Authority, Anglian Region is the largest of the ten NRA Regions in England and 
Wales, covering a total area of 27000sq km. Within this region are 5800km of main river, 1400km of embanked 
water courses, and 1300km of tidal sea defences. The region is generally low lying, one-third of the land below 
normal river levels or below sea-level (some of the rich agricultural lands of the Fens are 3m below sea level as 
much as 50km inland). The region has less rainfall than any other part of the country, <600mm/yr on average 
and droughts (river flows greatly reduced, soils dried up) are normal in the summer months. 

The region is served by two weather radars operated by the U.K. Meteorological Office, one located north
west of London at Chenies, and the other just north of Lincoln at Ingham. About one-third of the land area falls 
inside the 'quantitative range' of the radar (75km), with the furthermost range from either radar being about 
175km. The entire region therefore is covered qualatively. Of major hydrological importance is the corridor 
aligned east-west running between the radars and beyond the quantitative coverage. In this area there are a 
number of small ungauged catchments, and upland sources of some of the major river systems in the region. A 
reasonably dense network of telemetering raingauges exists in this area. 

METEOROLOGICAL OFFICE REAL-TIME RADAR ADJUSTMENT 

The Meteorological Office routinely adjust all weather radars using a small number of raingauges for each 
(six for Ingham) in conjunction with domains which are either a function of topography if the synoptic type is 
judged to be frontal or rain shadow, or simpler influence zones around each gauge in the case of showers and 
bright-band situations. 

An investigation of the raingauge derived adjustments applied has been carried out for a total of 27 days 
data (selected according to the presence of significant rainfall in the Anglian Region). For this period, the radar 
data were adjusted just over 50% of the time. Within this period, frontal systems were found to be most frequent 
(64%) with showers occurring 18% of the time. Bright-band was identified 16% of the time. The mean 
assessment factor applied (radar/gauge) was 1.05 (standard deviation of 0.85); the factor increasing for bright-
band and showers (1.35,1.24 ; 1.26,1.06) and decreasing for frontal storms (0.92,0.6). 

INFLUENCE OF RANGE ON RADAR PRECIPITATION ESTIMATION 

The problems associated with radar precipitation measurement at long range are well understood. The 
problems are almost entirely due to the height of the beam centre above ground itself due to earth curvature. 



The range effect was studied via an analysis of a 22 day subset of the radar data (only those days that a rainfall 
threshold was exceeded). Raingauge data were directly compared to provide cross-checks, and additional visual 
analyses were also made. 

The scattergraphs in figure 2 illustrate the influence of range on radar precipitation for a sub-region of the 
Anglian Region (Northern Area) to a range of 140km. The fall in average rainfall intensity with range is 
apparent, with a strong suggestion of overestimation at short range. The variance of the adjusted data is 
significantly lower than the unadjusted data. Although not presented here, these observations are repeated when 
the same analysis is applied for the whole radar image (i.e to a range of 210km), with rainfall amounts at the 
extreme range being only a small fraction of the average rainfall. An analysis of those periods when bright-band 
was present produces a scattergraph with high average rainfall amounts and high variance at ranges 
corresponding to the bright-band, whilst if bright-band periods are excluded, average rainfall amounts and data 
variance both fall significantly. The strength of the range relation is to an extent, temporally related though 
analysis for data over shorter time periods still displays the features discussed with significant regularity. 

Directional analysis has revealed anisotropics in the range effect, though these are not strong and it is 
doubtful whether they are significant The extent to which these can be related to topography has not been 
investigated. 

THE PROBLEM OF BRIGHT-BAND 

Bright-band remains perhaps the most intractible of problems regarding radar precipitation estimation in 
the U.K. The analysis has shown bright-band to be dynamic temporally and spatially making adjustment by 
raingauge extremely difficult Indeed the 'hit-or-miss' nature of the raingauge becomes as much as a hindrance 
as a help. It is likely that the problem cannot be consistantly solved satisfactorily with the real-time network of 
raingauges available. 

INFLUENCE OF ALTITUDE ON RAINFALL IN THE AREA 

The effect of rainfall in the region has been examined for raingauge rainfall data over the 29 day period. 
Due to the subdued nature of the relief (little land over 150m) only a weak positive correlation has been 
identified. The relation only really becomes apparent or at all significant over long periods (many days) and for 
shorter time periods such as individual storm events or parts of events, the relation is certainly not significant 
An extension of the study to the radar data themselves is considered desirable though not practical until a 
digitised database of topography becomes available. 

RADAR ADJUSTMENT SCHEMES 

A number of radar adjustment schemes have been developed. Amongst these are procedures which 
incorporate interpolation and surface fitting of raingauge/radar 'assessment factors' to a regular grid, the 
assessment factor field then being applied as a node by node multiplier of the unadjusted radar data. A number 
of different interpolation and surface fitting procedures have been investigated and a detailed contract report is 
in preparation. 

CONCLUSION 

The study has highlighted those factors which are of greatest importance in the production and 
measurement of rainfall in the Anglian Region of England. Of these, problems due to long range (beam height 
overshooting rainfall and attenuated signal) and close range (perhaps due to beam infilling) are probably the 
most significant Bright-band remains a major problem and a satisfactory solution is not perhaps feasible with 
the real-time raingauge network available (insufficient density). Altitude is not a major factor in the rainfall 
process and only provides weak enhancement of rainfall (low relief). 
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Figure 2: Effect of range on rainfall measurement over 
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THE RADAR S I T E AT DELFT UNIVERSITY OF TECHNOLOGY 

H.W.J. Russchenberg, L.P. Ligthart 

Delft University of Technology 

P.O. Box 5031, 2600 GA Delft 

The Netherlands 

1. Introduction 

Radar technology has since long been a topic of primary interest at the Faculty of Electrical 

Engineering of Delft University of Technology. Two weather radars were developed, both working 

according to the FM-CW principle. One is the high resolution Delft Atmospheric Research Radar 

DARR, which is a multi-polarized Doppler radar that operates at 3.3 GHz. The other radar is a 

weather surveillance type with a fixed polarization, operating in at 9.6 GHz. Both radars are able to 

estimate rainfall amounts. However, the accuracy differs for both types, because of different features 

involved. In this paper both radars will be described, and the implications for hydrological research 

will be discussed. 

2. The Delft Atmospheric Research Radar 

The Delft Atmospheric Research Radar DARR is a high resolution FM-CW radar, operating at 3.3 

GHz. It is capable of measuring the Doppler velocity-spectrum as well as the relative polarization-

dependent scattering matrix of rain. The Doppler velocity spectrum is based on windspeed and the fall-

velocity of precipitation particles. The Doppler spectrum contains information about hydrometeor types 

and rain-intensity [1,2]. In order to achieve sufficient data reduction and to ease data interpretation 

three quantities are derived from the Doppler spectrum: the mean reflectivity Zd, the mean velocity Vd 

and the variance S. The polarization-dependency of the radar signal is caused by the mean shape of the 

hydrometeors in the radar volume. Raindrops tend to become flat during falling. This is a result of the 

air-resistance the particle experiences. Wind tunnel investigations have shown that the degree of 

oblateness depends on the size of the raindrops [3]. When the mean oblateness is measured through the 

polarization dependency, the mean dropsize, and, consequently, the rain intensity can be estimated [4]. 
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The polarization-dependent radar observables that are measured with DARR are the horizontal 

reflectivity Zh, the differential reflectivity Zdr and the linear depolarization ratio Ldr. The combination 

of Zh and Zdr is useful for an accurate estimation of the rain-intensity. Ldr depends on the asymmetry 

of the precipitation particles. Ldr and Zdr can both be used to identify hydrometeor types, because 

each type has its characteristic shape. The characteristics of DARR are summarized in Table 1. 

Table 1. Characteristics of the Delft Atmospheric Research Radar 

Transmit power 1 W 

Frequency 3.3 GHz 

Effective beam width 2.3 degrees 

Maximum range 2/5/10 km 

Range resolution 30/75/150 m 

Velocity resolution 0.28 m/s 

Maximum unambiguous velocity ± 9 m/s 

Doppler parameters Zd, Vd, S 

Polarization parameters Zh, Zdr, Ldr 

All radar observables are obtained in real time. In order to do so the raw data is integrated over 3.2 

seconds before a set of data is released for further analysis. The complexity of the system is fully 

benefitted from when the radar is used in a non-scanning mode. 

3. The weather surveillance radar SOLIDAR 

The weather surveillance radar SOLIDAR is an FM-CW radar, operating at 9.6 GHz. Unlike DARR it 

is not able to measure the Doppler velocity-spectrum or polarization-dependency of the radar signal, 

but it is capable to measure rainfall within a radius of 15 km with a high temporal and spatial 

resolution. Each 15 seconds the area around Delft is scanned with an elevation-angle of 1.7 degrees for 

the appearance of rain cells, and, if appropiate, data is stored on optical disk. The initial range 

resolution is 30 meter, but during data-processing four range bins are summated, which results in an 

effective resolution of 120 meter. Four rain-gauges are used to calculate the assessment factor. 

SOLIDAR was designed as part of a collaboration program with the Dutch PTT, who funded it. 

SOLIDAR has been, and still is, used in telecommunication research programs, that require knowledge 

of rain-cell geometry. Attenuation of the radar signal can not be neglected at 9.6 GHz. The radar-

derived rain-intensity will underestimate the real one. However, the signal-processing procedures that 
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are employed with SOLIDAR are equipped with algorithms to correct for the rain-induced attenuation. 

The influence of the attenuation is also limited by the small maximum range of SOLIDAR. Usually, 

stratiform rain-cells contain a region of strongly reflecting melting snow. This so-called bright band is 

located just below the 0 degree isotherm. The enhanced reflectivity can be as large as 10 dB, and may 

therefore introduce large errors in the derivation of the rain-intensity. At 15 km the maximum height 

that is still within the main beam of the radar antennas is approximately 700 meter, which is below 

the commonly observed height of the bright band, and so the chance of occurence of the above 

mentioned error is reduced. Table 2 summarizes some of the characteristics of SOLIDAR. 

Table 2. Characteristics of SOLIDAR 

Transmit power 1 W 

Frequency 9.6 GHz 

Effective beam width 2.8 degrees 

Rotational speed 4 rpm 

Maximum ränge 15 km 

Range resolution 30\120 m 

Elevation angle 1.7 degrees 

Features Attenuation correction; Clutter suppression 

A detailled description of SOLIDAR is given in [5]. 

4. The combination of DARR and SOLIDAR 

When the reflectivity that is measured by SOLIDAR is converted into rain-fall amount, the Marshall-

Palmer dropsize distribution is used. This straight-forward method is prone to errors due to deviations 

in the dropsize distribution, and to attenuation of the radar signal. When the Zdr-capability of DARR 

is used to estimate more parameters of the dropsize distribution the accuracy can be increased. The 

DARR-derived dropsize distribution is not sensitive to attenuation of the radar signal, and can be used 

to estimate the attenuation at 9.6 GHz, thereby enabling the verification of SOLIDAR measurements. 

Usually, hydrological weather radars have a large radar volume (in the order of 1 km). Measurements 

with DARR and SOLIDAR enables the study of the effects of the sampling size, because of their small, 

variable range resolution. The Doppler-polarimetric features of DARR allow the discrimination between 

hydrometeor types: the melting layer can be identified, which results in a more accurate interpretation 

of radar data. 
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6. Conclusions 

The radar site at Delft University of Technology is well equipped with two FM-CW weather radars, 

one operating at 3.3 GHz and one at 9.6 GHz. The radars are complementary: SOLIDAR is rotating in 

a horizontal plane and only measures reflectivity, while DARR measures with fixed antennas, although 

the antennas are steerable. DARR is a multi-polarized Doppler radar, and is capable to identify the 

hydrometeor types and to estimate the dropsize distribution. DARR can be used to estimate the 

attenuation along the radar path. 
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USE OF X-BAND OVER URBAN AREAS -
WHAT RESOLUTION IN TIME AND SPACE IS REQUIRED? 

Hans-Reinhard Verworn, Hannover 

1. PROBLEM 

Whenever rainfall-runoff simulations are carried out the question 
of the reliability of the results arises. Reliabilty cannot be 
expressed absolutely but only in relevance to the problem. The 
tolerable error margins depend on the accuracy with which the 
problem has to be solved. The determination of set values for 
real time control of regulators e.g. requires much more detailed 
and reliable data than the decision to issue a flood warning. 

The exactness of the rainfall data as input to the models has to 
be compared to the simulation procedures and the parameters of 
the runoff process (e.g. wetness, losses). There is not much 
sense in detailed simulation if the rainfall input data is poor. 
Investigations have shown that good rainfall data are of the 
highest importance. Errors or uncertainties concerning the 
rainfall have much greater effects on the runoff results than 
questionable parameters. 

What resolution in time and space is required depends to a great 
part on the catchment type and scale. Urban catchments with fast 
reaction times and generally smaller calculation units (sub-
catchments) require a higher resolution in time and space than 
rural catchments with larger subcatchments. The necessary time 
resolution is directly connected with the time interval used in 
the simulation model. A higher resolution than the simulation 
time interval leads to excess rainfall data that have to be 
integrated over the simulation time interval whereas with rain
fall data in time steps larger than the simulation time interval 
the input data are not good enough for the model. 

For real time operation besides the required amount of data some 
restrictions concerning data sampling and transmission are im
portant. The possible sampling rate depends on the rotational 
speed of the antenna and the number of scans with different 
elevations. With data transmission and processing the possible 
transfer rates and the amount of data has to be looked at. 

This investigation was carried out to find some quantitative 
answers to these qualitatively known facts. 
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2. CRITERIA 

To evaluate the effects of the variations of time and spatial 
resolutions the simulation model was run with different input 
data for the same catchments, and the results for 

- Total areal rainfall 
- Total runoff 
- Impermeable runoff 
- Permeable runoff 

were compared. 

3. REFERENCE DATA 

For the comparisons the reference data were achieved by running 
the simulations with the highest available resolutions in time 
and space. From the X-band radar located at the meteorological 
station at Essen rainfall data with 

- 1 min sampling intervals for 
- 600 x 600 m squares 

over an area of 30 x 37 km were available. 

These were used as input to a hydrodynamic rainfall-runoff model 
(HYSTEM/EXTRAN) for which the catchment data for the two 
catchments were available. 

4. CATCHMENTS 

The investigations were carried out for two catchments: 

BOYE catchment (see Fig. 1) 
mixed (urban and rural) 
77 km2 (25 km2 impervious = 32%) 
56 km open channels, 

the sewer sub-systems were not modelled 
53 subcatchments 
220 rain squares (600x600 m) 

BREMEN catchment (see Fig. 2) 
lumped urban sewer system 
9.2 km2 (50% impervious) 
35 km main sewers 
55 subcatchments 
4 6 rain squares 

The subcatchments were of different size, the size depending on 
the information about the surface runoff conditions. The rainfall 
for each subcatchment was computed as the mean of the rainfall of 
all,squares covered by the sub-catchment area. As the allocation 
of the squares to each catchment was done manually some of the 
squares were allocated to more than one sub-catchment. 
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Fig. 3 shows the frequency distribution of the squares per 
subcatchment for BOYE and BREMEN. For the BOYE catchment the 
largest sub-catchment covers 23 squares, whereas in BREMEN no 
sub-catchment has more than 4 squares. 

In the BOYE catchment out of 220 squares 62 (28%) were multiple 
used (58 twice, 4 thrice), whereas in BREMEN with the smaller 
sub-catchment sizes 25 (54%) out of 4 6 squares were multiple 
used, one even six times (see Fig. 4). 

5. RAINFALL DATA 

For the investigations two sets of rainfall data were used. 
For the simulations of the BOYE catchment: 

9 events, Jul - Dec 89 
4.2 - 17.2 mm / event 

For the simulations of the BREMEN catchment: 
13 events, Feb - Aug 90 
5.7 - 38.8 mm / event 

6. RESULTS 

6.1 Resolution in space 

The resolution in space was reduced to squares of 1.2 by 1.2 km 
and 1.8 by 1.8 km. This was achieved by averaging the minutely 
rainfall data over 4 and 9 squares respectively. Each 600x600m 
square was then allocated this mean rainfall value. 

Table 1 shows the results for the BREMEN catchment. For all 
events the total areal rainfall (N), total runoff from impervious 
(Qu) and pervious areas (Qd) is given for the three resolutions: 

- highest resolution (600x600m) (= RADAR) 
- reduction to 4 squares resolution 

(= Reduzierung auf 4 Quadrate) 
- reduction to 9 squares resolution 

(= Reduzierung auf 9 Quadrate) 

The differences of the reduced resolutions to the highest one are 
stated in % (=Abw.). 

Table 2 shows the range of percentage differences for both catch
ments. The differences for runoff are generally larger than for 
the mean areal rainfall. The errors resulting from reduced reso
lution are higher for the BREMEN catchment than for the BOYE 
catchment. 

The effects of the reduced resolution in space on the hydrograph 
is .shown in Fig. 5 where for one sub-catchment of BREMEN the 
simulated hydrographs derived frort rainfall data with 600x600m 
and 1.8 x 1.8 km resolution are plotted. 
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6.2 Resolution in time 

The reduction of the resolution in time was done in two varia
tions: 

a) the minutely sampled data were integrated over 5 and 10 min 
Method : Integration 

b) only every 5th and 10th data set was used, these rainfall 
data were supposed to be valid over the next 5 and 10 min 
thus simulating sampling intervals of 5 and 10 minutes 
Method : Sampling 

Table 3 shows the results of the BREMEN catchment for the inte
gration of data over 5 and 10 minutes. As all rainfall data were 
used there are no differences with total areal rainfall. 

The differences for the runoff from impervious areas are: 

SQU : ±0.01% with 5 min 
-7.6 - 0.0% with 10 min 

Table 4 shows the results for two events for which both varia
tions (Integration and Sampling) were carried out. 

105 means "Integration over 5 minutes", S05 means "Sampling every 
5 minutes", 110 and S10 are the same but for 10 minutes. The 
table shows the differences in % in comparison to the integrated 
rainfall data. The sign of the differences is purely accidental 
dependent on whether the sampled data over or under estimate the 
true rainfall within the next 5 or 10 minutes respectively. As 
only two events were tested the size of the errors cannot be 
representative in any way but show that the differences are not 
negligable. 

The differences in Table 4 are mean values for the whole catch
ment . For an individual catchment the error can be much larger as 
Fig. 6 shows. The differences of the total areal rainfall for 
each subcatchment calculated from 10-min sampling in comparison 
to the rainfall from 1-min sampling (and integration over 10 min) 
are shown. For a larger catchment with 23 sub-catchments the 
errors range from -12 to +20%, for a catchment with 46 small 
subcatchments the error span is even higher: -26 to +36%. 

6.3 3-bit and 7-bit resolution 

The quantification of the original data is done with a 7-bit 
resolution. This means that the rainfall intensities are given in 
128 classes with mean values that are spaced linear til 2.6 mm/h 
and logarithmic over 2.6 mm/h (see Table 5). 

To test the effects of a reduction to 3-bit resolution 8 classes 
were defined each of them covering 16 of the 7-bit classes. The 
rainfall intensity for each of the 8 classes was assumed to be 
the' central value of the 16 7-bit-classes forming the 3-bit 
class (see Table 5). 
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The results for the BREMEN catchment are given in Table 6, 

The differences in comparison to the 7-bit resolution are 

N : 
Q'(imp) : 
Q(perv): 

-0.4 
-1.0 
+2.4 

* +13.4% 
+ +14.8% 
+ +52.5% 

mean: 
mean: 
mean: 

+3.9% 
+4.7% 

+17.4% 

The positive means are a systematic error due to the assumed 
central values of the classes. 

7. CONCLUSIONS 

The resolution in time depends on the reaction of the catchment 
and the simulation time interval. An integration up to 10 minutes 
may be possible for catchments up to 100 km2. 

The sampling interval, however, should be as short as possible in 
order not to loose any data over the catchment. For urban areas 
with fast*" reaction times and small sub-catchments a sampling 
interval of 1 min should be the aim. 

The resolution in space depends on the subcatchment sizes 
following resolutions can be recommended: 

The 

distributed sewer systems 
lumped sewer systems 
open channel and river systems 

600 x 600 m 
1.2 x 1.2 km 
up to 2x2 km 

The reduction to 3-bit data may lead to no significant errors, if 
the rainfall intensity values are so adjusted that the mean error 
will be zero. The reduction is sensible if the radar signal is of 
about the same exactness. If high quality components for quanti
tative measurement of rainfall are used the 7-bit resolution 
should be maintained, as the computation time and the amount of 
data is not much higher. 
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F ig . 1 : Boye Catchment 
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F i g . 2 : Bremen Catchment 
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Frequency distribution 
of squares/subcatchment 

No. of catchments 

BOYE CATCHMENT 

mean: 5.4 squares/subcatchment 

mean: 1.45 km /subcatchment 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

No. of squarep/catchment 

No. of catchments 

30 

25 

20 H 

15-1 

10 

5H 

BREMEN CATCHMENT 

mean: 1,7 squares/subcatchment 

mean: 17 ha/subcatchment 

y .i' y' y / /' /' v s /' s s s s s /' /' '^7 i i T \ ^ i i i i \ i r i i i i i i i ^ i i i 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

No. of squares/catchment 

Fig . 3 : Frequency D i s t r ibut ion of Squares per Subcatchment 
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No. of squares 

4 5 

times used 

Fig . 4 : Mult iple A l loca t ion of Squares t o Subcatchments 
i n the Bremen Catchment 

% Error 

~B~ 46 Subcatchments - * - 23 Subcatchments 

Fig. 6: Errors with 10-min Sampling in Comparison to 
Integration over 10 min for all Subcatchments 
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0,16 
Abfluß [m**3/sl 

13.17 16.17 19.17 22.17 
Uhrzeit [h] 

-*- Radar 1800 —*— Radar 600 

Fig. 5: Comparison of Hydrographs Computed with Rainfall 
Resolution of 600x600m and 1800x1800m 
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Table 1 

Legend: 

Comparison of Rainfall and Runoff for Reduced Spatial 
Resolution 

Reference data, lmin, 600x600m 
Total rainfall 
Total runoff from impervious areas 
Total runoff from pervious areas 
Difference in % 

Reduction to 4 squares 
(1200x1200m) 
Reduction to 9 squares 
(1800x1800m) 

RADAR 
EN 
E Qu 
IQd 
Abw. 
Reduzierung auf 4 Quadrate 

Reduzierung auf 9 Quadrate 

Vergleich: 

02.02.90 

02.02.90 * 

26/28.2.90 

28.02.90 

28.02.90 * 

15.04.90 

15.04.90 * 

07.05.90 

07.05.90 * 

06.06.90 

20.06.90 

27.06.90 (1) 

27.06.90 (2) 

27.06.90 * 

29.06.90 

29.06.90 * 

05.07.90 

06.07.90 

06.08.90 

06.08.90 * 

IN [uro] 

11,80 

13,10 

38,80 

12.64 

14,34 

14.39 

13.11 

26,20 

16,40 

5.65 

9.10 

12,02 

7.90 

8.29 

7.23 

6.30 

6.91 

5,99 

11.86 

11,59 

RADAR 
IQu [m3] 

38021 

42125 

139622 

39276 

46754 

45819 

42136 

86845 

50944 

14514 

26801 

38401 

21893 

23656 

19587 

16500 

18585 

15819 

38474 

36843 

IQd [m3] 

26 

5 

8105 

1 

1 

1094 

111 

25662 

5402 

0 

28 

84 

0 

0 

0 

0 

0 

0 

649 

413 

IN [ran] 

12.00 

39,40 

12,79 

IntMjnannnara 

14,35 

massaal 
26,00 

5,66 

9.30 

12,02 

8,00 

fe^Sga 

7,26 

mm 
6,96 

6,10 

11,85 

SffilSffiflilff 

Re< 
Abw. [*] 

1.6 

SjffigjjiSiJSB& 

1.5 

1.2 

sä&sm 
-0,3 

-0,8 

0.2 

2.2 

0,0 

1.0 

0.4 

^^& 
0,7 

1.8 

0,0 

. 

luzierung 
IQu [m3] 

38710 

SääSSSä&t 
143064 

40246 

45723 

^^^^^^a 

85962 

14562 

27542 

38355 

22514 

jjjjjgjgjjffjgjjjjjjjl 

19753 

wmm 
18861 

16185 

38679 

IHSISSSI 

auf 4 Qu. 
Abw. [%] 

1.« 

2.5 

2.4 

jj$gfg§ 

-0,2 

^SMfti 
-1.0 

MXOXg^jO 

0.3 

2.7 

- 0 , 1 

3.0 

tJSsSaliäBgis 

0.9 
^UnMHMUftMIHPf* 

1.5 

2.0 

0,5 

, 

idrate 
IQd [m3] 

33,2 

7139,0 

0,2 

^^mm 
1082,0 

25159,0 

8ÄIÄ 
0,0 

9.4 

37,0 

0,0 

w^m^i 

0.0 

s s rn t 
0.0 

0,0 

586,0 

jfóMüS&H 

Abw. [*] 

26.2 

-11.9 

-84,4 

-1.1 

$w<^&m 
-2,0 

0,0 

-66,0 

-56,0 

0,0 

0,0 

0.0 

0.0 

-9.7 

IN [ran] 

11.8 

13,1 

39,2 

12.8 

14,4 

14,4 

13.1 

26,5 

16,4 

5,6 

9,3 

12,0 

8,2 

8.1 

7.3 

6,3 

7.0 

6.1 

11.7 

ISiSSüü^ 

Ree 
Abw. [*] 

0.0 

0,0 

1,0 

1.2 

0.1 

0,3 

-0,1 

1.1 

0,0 

-0,2 

2.2 

-0.4 

4,0 

-2.4 

0.8 

0,3 

1.0 

1,8 

-1.4 

WÜMK 

luzierung 
IQu [m3] 

38281 

41806 

142088 

40246 

47023 

45966 

41889 

87215 

51616 

14455 

27340 

38161 

22951 

22901 

19835 

16572 

18895 

15987 

38100 

MdjIJjfejtMijkiSl 

a u f 9 Qu« 
Abw. [*] 

0.6 

-0,8 

1.8 

2.5 

0,6 

0.3 

-0.6 

0,4 

1,3 

-0.4 

2.0 

-0,6 

5,0 

-3,2 

1.3 

0.4 

1.7 

1.0 

-1.0 

l^jlfflBt 

idrate 
IQd [m3] 

14,8 

1.3 

7160,0 

0,2 

0.0 

1117,0 

125,0 

26881.0 

5043.0 

0,0 

6,0 

12,0 

0.0 

0.0 

0.0 

0,0 

0,0 

0.0 

464,0 

SSMSOWSSS 

Abw. [*] 

-43.7 

-71.7 

-11.7 

-84,4 

-100.0 

2.1 

12.3 

4.8 

-6.6 

0.0 

-78.3 

-85,7 

0,0 

0,0 

0.0 

0.0 

0.0 

0.0 

-28,5 

Table 2: Range of Percentage Errors for Reduced Spatial 
Resolution 

EN 

EQ 

1 .2 km s q u a r e s 

Boye 

- 0 . 4 + 0 . 1 

- 1 . 8 * 0 . 5 

B remen 

- 0 . 8 + 2 . 2 

- 1 . 0 + 3 . 0 

1 . 8 km s q u a r e s 

Boye 

- 0 . 4 + 0 . 4 

- 3 . 7 + 0 . 1 

B remen 

- 2 . 4 * 4 . 0 

- 3 . 2 + 5 . 0 
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Table 3: 

Legend: 

Comparison of Rainfall and Runoff for Reduced 
Resolution in Time 

RADAR 
EN 
E QU 
EQd 
Abw. 
Reduzierung auf 5 Minuten 

Reference data, lmin, 600x600m 
Total rainfall 
Total runoff from impervious areas 
Total runoff from pervious areas 
Difference in % 

Reduzierung auf 10 Minuten 

Reduction to 5-min 
integrated values 
Reduction to 10-min 
integrated values 

Vergleich: 

02.02.90 

02.02.90 * 

26/28.2.90 

28.02.90 

28.02.90 * 

15.04.90 

15.04.90 * 

07.05.90 

07.05.90 * 

06.06.90 

20.06.90 

27.06.90 (1) 

27.06.90 (2) 

27.06.90 * 

29.06.90 

29.06.90 * 

05.07.90 

06.07.90 

06.08.90 

06.08.90 • 

mi t t lere Ab» 

IN [irai] 

11.80 

13.10 

38.80 

12.64 

14.34 

14.39 

13.11 

26.20 

16,40 

5.65 

9.10 

12.02 

7.90 

8,29 

7.23 

6,30 

6.91 

5.99 

11.86 

11,59 

Eichung 

RADAR 
IQu t«i3] 

38021 

42125 

139622 

39276 

46754 

45819 

42136 

86845 

50944 

14514 

26801 

38401 

21893 

23656 

19587 

16500 

18585 

15819 

38474 

36843 

[*) 

IQd [m3] 

26 

5 

8105 

1 

1 

1094 

111 

25662 

5402 

0 

28 

84 

0 

0 

0 

0 

0 

0 

649 

413 

Reduzten 
IQu [m3] 

38021 

139619 

39276 

45795 

86841 

^Bsĵ î pt̂ jf 

14514 

26798 

38401 

21871 

SSESSSSSäSi 

19587 

18587 

15819 

38473 

BMMB 

ng auf 5 
Abw. [*] 

0 .0 

HSSSäSäSI 

0.0 

0,0 

$$$&$$ 

-0 ,1 

üUHSt 
0.0 

p & 8 5 8 ^ 

0.0 

0.0 

0.0 

- 0 . 1 

SSÄSSi 

0.0 

ffi$ffi$H 

0.0 

0.0 

0.0 

&§§aä£S8| 

-0.02 

Htnuten-Ir 
IQd [m3] 

23 

S&S£ëS££i 

5090 

0 

1036 

müSEm 
25560 

j gSSSS iS 

0 

9 

0 

0 

. . 

0 

S£3Sä§SS£i 

0 

0 

541 

SSS&SSSSI 

terval le 
Abw. [*] 

-12.5 

-37.2 

-100,0 

mmm 
- 5 . 3 

PB$a$ 

-0 .4 

g^^&S 

0,0 

-67,4 

-100.0 

0 .0 

W B M $ 

0.0 

SSSSSSäSI 

0,0 

0.0 

-16,7 

$£S£S3££SI 

-26,12 

Reduzierur 
IQu [m3] 

38021 

42125 

139619 

39276 

46735 

45792 

42112 

86836 

50942 

14514 

26795 

38401 

21855 

21855 

19587 

16500 

18586 

15819 

38473 

36843 

g auf 10 
Abw. [*] 

0,0 

0,0 

0.0 

0.0 

0.0 

-0 .1 

-0 ,1 

0.0 

0.0 

0.0 

0,0 

0,0 

- 0 ,2 

-7,6 

0.0 

0,0 

0,0 

0,0 

0.0 

0.0 

-0.40 

Hinuten-lr 
IQd [ tu ] 

20 

3 

4230 

0 

0 

970 

86 

25270 

5072 

0 

1 

0 

0 

0 

0 

0 

0 

0 

353 

271 

terval le 
Abw. [V] 

-25.5 

-32,6 

-47.8 

-100.0 

-100,0 

-11.3 

-22,7 

-1 .5 

-6,1 

0.0 

-97,9 

-100,0 

0 ,0 

0.0 

0.0 

0,0 

0.0 

0.0 

-45.6 

-34,4 

-31,27 

Table 4: Comparison of 5 and 10 min Integration and Sampling 

EN 

EQ 

EN 

EQ 

i m p 

p e r v 

1 0 5 

4 . 0 4 

8096 

S 0 5 

4 . 1 3 

8353 

A% 

+ 2 . 2 

+ 3 . 2 

i 

1 1 0 

4 . 0 4 

8077 

1 2 . 3 3 

45265 

41309 

3956 

S 1 0 

3 . 8 1 

6973 

1 1 . 0 7 

40737 

37550 

3187 

A% 

- 5 . 7 

- 1 3 . 7 

- 1 0 . 2 

- 1 0 . 0 

- 9 . 1 

- 1 9 . 5 
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Table 5: 7-Bit (128 Classes) and 3-Bit (8 Classes) Resolution 
with Allocated Rainfall Intensity Values 

Klasse. R/mm h -1 Klasse R/mm h -1 Klasse R/mm h 
-1 

Klasse R/mm h 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0,75 < 

0,0 
0,1 
0,2 
0,3 
0,4 
0,5 
0,6 
0,7 
0,8 
0,9 
1,0 
1,1 
1,2 
1,3 
1,4 
.1,5 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

2,35 < 

1,6 
1 ,7 
1,8 
1,9 
2,0 
2,1 
2,2 
2,3 
2,4 
2,5 
2,6 
2,8 
2,9 
3,0 
3,2 
3,3 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
4 4 
45 
46 
47 

m 

3,5 
3,6 
3,8 
4,0 
4,2 
4,4 
4,6 
4,8 
5,0 
5,2 
5,5 
5,8 
6,0 
6,3 
6,6 
6,9 

48 
49 
50 
51 
52 
53 
54 

57 
58 

"i" 

59 
60 
61 
62 
63 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

21* 

15,1 
15,8 
16,6 
17,4 
18,2 
19,1 
20,0 
20,9 
21 ,9 
22,9 
24,0 
25,1 
26,3 
27,5 
28,8 
30,2 

7 , 2 
7 , 6 
7 , 9 
8 , 3 
8 , 7 
9 , 1 
9 , 5 
0 , 0 
0 , 5 
1 , 0 
1 , 5 
2 , 0 
2 , 6 
3 , 2 
3 , 8 
4 , 5 

80 
81 
82 
83 
8 4 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

w 

/31 ,6 
33,1 
34,7 
36,3 
38,0 
39,8 
41 ,7 
43,7 
45,7 
47,9 
50,1 
52,5 
55,0 
57,5 
60,3 
63,1 

96 
97 
98 
99 

100 
101 
102 in 
103 rt J 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

- S 
V 

0 

f 6 6 , 1 
. 6 9 , 2 
7 2 , 4 
7 5 , 9 
7 9 , 4 
8 3 , 2 
8 7 , 1 
91 , 2 
9 5 , 5 

1 0 0 , 0 
1 0 4 , 7 
1 0 9 , 6 
1 1 4 , 8 
1 2 0 , 2 
1 2 5 , 9 

Li 31 , 8 
( 1 3 8 , 0 
1 4 4 , 5 
151 ,4 
1 5 8 , 5 
1 6 6 , 0 
1 7 3 , 8 
1 8 2 , 0 
.190,5 
1 9 9 , 5 
2 0 8 , 9 
2 1 8 , 3 
2 2 9 , 1 
2 3 9 , 9 
251 , 2 
2 6 3 , 0 
2 7 5 , 4 
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Table 6: Comparison of Rainfall and Runoff for 7-Bit and 
3-Bit Resolution 

Legend: RADAR Reference data, lmin, 600x600m, 7-bit 
E N Total rainfall 
EQu Total runoff from impervious areas 
EQd Total runoff from pervious areas 
Abw. Difference in % 
Reduzierung auf 8 Regenklassen 

= Reduction to 8 classes (3-bit resolution) 

Vergleich: 

02.02.90 

02.02.90 * 

26/28.2.90 

28.02.90 

28.02.90 * 

15.04.90 

15.04.90 * 

07.05.90 

07.05.90 * 

06.06.90 

20.06.90 

27.06.90 (1) 

27.06.90 (2) 

27.06.90 * 

29.06.90 

29.06.90 * 

05.07.90 

06.07.90 

06.08.90 

06.08.90 * 

IN [mn] 

11.80 

13.10 

38,80 

12.64 

14.34 

14.39 

13.11 

26,20 

16.40 

5,65 

9.10 

12,02 

7.90 

8,29 

7,23 

6,30 

6,91 

5,99 

11,86 

11.59 

RADAR 
IQu [m3] 

38021 

42125 

139622 

39276 

46754 

45819 

42136 

86845 

50944 

14514 

26801 

33401 

21893 

23656 

19587 

16500 

18585 

15819 

38474 

36843 

IQd [m3] 

26 

5 

8105 

1 

1 

1094 

111 

25662 

5402 

0 

28 

84 

0 

0 

0 

0 

0 

0 

649 

413 

IN [irni] 

12.0 

13.4 

44.0 

13,3 

15,0 

14,4 

13.1 

28.7 

17,2 

5.9 

10.0 

12,0 

8.0 

8.3 

7.5 

6.5 

7.2 

6.4 

12.1 

11.9 

Redu 
Abw. [%] 

1.6 

2.3 

13.4 

5.4 

4,4 

0.1 

-0.2 

9.5 

4.8 

4.4 

9,8 

-0.2 

1.0 

-0.4 

3.7 

3.2 

4,1 

6,9 

2,2 

2.3 

tierung ai 
IQu [m3] 

39000 

42890 

160258 

41996 

48922 

45880 

41959 

94684 

53931 

15466 

30126 

38170 

22320 

23418 

20626 

17084 

19639 

17238 

39527 

37742 

f 8 Reger 
Abw. [*] 

2.6 

1.8 

14.8 

6.9 

4.6 

0.2 

-0.4 

9,0 

5.9 

6.6 

12.4 

-0.6 

2,0 

-1.0 

5,3 

3,5 

5.7 

9.0 

2.7 

2.4 

klasen 
IQd [m3] 

34 

9 

12366 

2 

0 

1104 

165 

32472 

.6428 

0 

41 

80 

0 

0 

0 

0 

0 

0 

670 

423 

Abw. [*] 

29.0 

95,7 

52,5 

8.3 

-45,0 

0.9 

48,2 

26.5 

19,0 

0,0 

50,0 

-4,8 

0,0 

0,0 

0.0 

0.0 

0.0 

0.0 

3.2 

2.4 
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USE OF DOPPLER RADAR IN VENETO REGION AND IMPROVEMENT OF 
PRECIPITATION MEASUREMENT 

GIARETTA P. - MONAI M. 

REGIONE VENETO - DIPARTIMENTO PER L'AGROMETEOROLOGIA 

CENTRO SPERIMENTALE PER L'IDROLOGIA E LA METEOROLOGIA 

TEOLO (PADOVA) - ITALY 

SUMMARY: Since 1988 a doppler radar is been operating in Veneto 

Region - Italy. This paper would evidence different applications 

of such tool; first of all wind field analyses, and also 

precipitation measurement. Refering to better capacity of 

detecting and measuring precipitation, doppler radar should be an 

operational tool for hydrology too. 

1 INTRODUCTION 

Experimental Centre for Hydrology and Meteorology (C.S.I.M.) 

manages an integrated system for hydrometeorological studies and 

forecasting. It is composed by (1): 

- a digital C-band dual-polarization doppler weather radar, 

- a ground stations telemetering network, 

- a cluster of computer machines. 

The core of the system is a weather radar (2) which collects 

volumes of doppler and no-doppler (formal) data. Such data can be 

managed in real time and compared With ground data available at 

the same computer system (see fig. 1). 

2 DOPPLER PROCESSING OF DATA 

No-doppler mode gives only reflectivity (Z) data. This mode 

uses clear-day maps to suppress clutter. On the contrary, doppler 

processing allows hardware cancellation of clutter for Z 

measurements. It gives also wind information, measuring the 

following two parameters: 

- mean radial velocity (W), 

- spectrum width (T). 
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Doppler processing of data uses a 32 point Fast Fourier 

Transform (FFT). 

3 USE OF DOPPLER DATA 

Every quarter of hour the system collects W, T and Z data. 

Reflectivity is available both in doppler and non-doppler mode. 

So it is possible to study precipitation and wind distribution in 

real time and also to assess a forecast of precipitation. W and T 

data are used operationally to evidence some interesting features 

of windfield. 

For example wind-shears can be easily seen comparing CAPPI 

presentations at different levels or looking to VAD output. 

The capability of doppler radar in monitoring extreme 

meteorological events was evidenced. A tornado occurred the 

afternoon of June, 8th 1990 and was continuously monitored during 

its development phases: it was the first time in Italy that such 

type of meteorological phenomenon was observed by radar. 

Refering to precipitation measurement a detailed study has 

been made to compare the radar information obtained using radar 

in normal and doppler mode. The comparison was based (3) and (4) 

on computing Hourly Assessment Factors (HAF) starting from normal 

and doppler radar data. All radar data referred to precipitation 

events observed during the whole 1989 and part of 1990. The 

selection considered only hours when both normal and doppler 

radar data were available, one-hour intervals have been chosen 

time-adjacent and not overlapping. HAF have been computed for 

three different raingauge stations: 

a) AGORDO: a mountain station, sited at 600 m over msl, and 106 

Km distant from radar; 

b) CASTANA: a mountain station, sited at 300 m over msl, and 58 

Km distant from radar; 

c) SAN BELLINO: a flat-plane station, sited at 7 m over msl, and 

38 Km distant from radar. 

These stations are representative of different geographical 

situations and range positioning. If a raingauge did not record 

more than 0.2 mm of precipitation related HAF were discarded. 

This selection takes into account the discretness in measuring 

precipitation with raingauges. HAF were computing using radar 

data coming from two different CAPPI levels: the so called 
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pseudoCAPPl (that is the lowest possible CAPPI, with a height of 

0.5 km over the radar, up to 80 Km form radar; beyond this 

distance the lowest PPI, with an elevation of 0.5°) and CAPPI 1 

(1.5 km over radar). 

It turns out that doppler measures precipitation better than 

non-doppler one for CASTANA and S.BELLINO (see fig. 2 and 3 ) , 

while both modes give similar results for AGORDO (see fig. 4). 

4 CONCLUSIONS 

More than two years use of Veneto radar has evidenced 

operational reliability of doppler processing of data. It was 

evidenced not only the well-known capability of study the 

windfield, but also the capacity of improving precipitation 

measurement. Likely such feature is related to the hardware 

suppression of clutter used by doppler. As a remarkable 

conclusion, it can be assessed that doppler is an interesting 

tool not only for meteorological surveillance but also for 

hydrological applications. 
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CASTANA RAINGAUGE 
ASSESSMENT FACTORS 

MEAN STANDARD DEVIATION 

K S NORMAL P H l NORMAL C (gjg] DOPPLER P g ïg DOPPLER C 

Fig 2 : Castana station : mean and standard deviation of Assessment Factors. 
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0.6-

SAN BELLINO RAINGAUGE 
ASSESSMENT FACTORS 

MEAN STANDARD DEVIATION 

ggg NORMAL P g m NORMAL C |ggj] DOPPLER P [gz| DOPPLER C 

Fig 3 : San Bellino Station : mean and standard deviation of Assessment Factors 
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AGORDO RAINGAUGE 
ASSESSMENT FACTORS 

4-

MEAN STANDARD DEVIATION 

g§ä NORMAL P EÜ§ NORMAL C [£g) DOPPLER P g H DOPPLER C 

Fig 4 : Agordo station : mean and standard deviation of Assessment Factors. 


