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Quality of echotop products and derived probability of hail as a
function of range
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Abstract. Operational hail detection products at KNMI of the sampled volume are the most important ones. Beside
(Netherlands) and RMI (Belgium) are derived from the these errors affecting the measured reflectivity itself, errors
height of the freezing level and the 45-dBZ echotop val- on the height assigned to the measured reflectivities arise
ues provided by single-polarization C-band weather radarsdue to the uncertainties in the trajectories of the radar beams.
Echotop products are not only affected by errors on the meaThese uncertainties are related to inaccurate antenna pointing
sured reflectivity itself but also by errors on the height as-and to variations of the atmospheric propagation conditions.
signed to the measured reflectivities. In this study, we eval-Height assignment errors affect the echotop product and the
uate the relative importance of these errors as a function oflerived probability of hail. The aim of this study is to inves-
range. tigate how reflectivity measurements and derived products
The method is based on the comparison between the redeteriorate with the distance from the radar.
flectivity field observed by the radar of Wideumont in Bel-  The methodology is based on the comparison between re-
gium and the radar of De Biltin The Netherlands on a verticalflectivity data from the radar of De Bilt in The Netherlands
cross section extending between the two radars. Our resuldnd the radar of Wideumont in Belgium. Usually, compar-
show that the measurement quality of maximum reflectivity isons of reflectivity data measured by two or more radars are
and echotop values are not affected by range effects up to based on PPI or CAPPI products which does not allow to
distance of about 150 km. Within this range height assign-identify errors related to height assignment as a function of
ment errors are generally less than 1 km and the impact ofange (e.g. Huuskonen, 2001; Tabary, 2003). In this study,
these errors on the derived probability of hail is small com-the comparison of reflectivity data is made on a vertical cross
pared with the impact of calibration errors. section extending from one radar to the other one. The reflec-
tivity field observed at short distance by one radar is consid-
ered as reliable and the comparison with the field observed
at the same time by the other radar allows to point out the
shortcomings of the long-range observation.

1 Introduction

Most hail detection algorithms for single polarization radars

are based on the analysis of the vertical profiles of reflectiv-2  Method

ity. At KNMI (The Netherlands) and RMI (Belgium), the

operational hail detection product is based on the differencerhe radar of Wideumont in Belgium and the radar of De Bilt

(A H) between the height of the freezing level and the max-in The Netherlands are both Gematronik C-band Doppler

imum height at which a reflectivity of 45dBZ is observed radars. They perform a volumic scan every 15 minutes. It

(echotop 45 dBZ). The probability of haiP(O H) is derived  includes 10 elevations between 0.5 and 17.5 degrees for the

from AH (km) usingPOH = 0.319+ 0.133AH. A de- radar of Wideumont and 14 elevations between 0.3 and 12

tailed description and evaluation of this product can be founddegrees for the radar of De Bilt. The beam width is 1 de-

in Holleman (2001) and Delobbe et al. (2003). gree for both radars. The distance between the two radars
Radar reflectivity measurements are affected by variouss 244 km. For each radar, the reflectivity field on a vertical

sources of error which tend to increase with the distance frontross section drawn in the direction of the other radar can be

the radar. Attenuation, overshooting and the increasing sizextracted from the volumic data every 15 min.
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Fig. 1. Reflectivity (dBZ) on a vertical cross section De Bilt-Wideumont observed by the radar of Wideumont (upper panel) and by de radar
of De Bilt (lower panel). The distance between the two radars is 244 km.

First comparisons of vertical cross sections have been prepared for the 40 cross sections. Only maximum reflectivities
sented in Delobbe and Holleman (2003). In the present studyhigher than 7 dBZ in both datasets have been considered. The
a more quantitative analysis of these comparisons has beeime difference between two corresponding volume data sets
carried out. Three thunderstorm episodes observed on Julgever exceeds 3 min.

30 2002, August 3 2002 and June 6 2003 were considered
and a total of 40 cross sections were extracted from the vol

3 Restlts
ume data of each radar.

Figure 1 shows one of the 40 cross section pairs as an eXzigure 2 shows a scatter plot giving the maximum reflectiv-
ample. The Cross Section from Wideumont starts at 585 mw measured by the radar Of De Bilt versus the maximum
above sea level, which is the altitude of the radar antennageflectivity of Wideumont. The scattering of the data is rel-
Three distinct cells are found between the two radars. Theytively limited and a significant bias between the two radars
Vertical eXtenSionS and the I’eﬂeCtiVity |eVe|S are Very Similaris observed. The effect Of the distance on the mean differ_
in bOth data sets. One Of the three Ce”S eXhibitS reﬂectiVityence between the maximum reﬂectivity of the two radars iS
values higher than 45dBZ. Some differences in the verticalshown in Fig. 3. The standard deviation of this difference is
structure of that cell can be observed but in the present casghout 1 dBZ for all ranges. At short ranges from Wideumont,
the difference in the echotop 45 dBZ does not exceed 1 kMthe maximum reflectivity measured by the radar Wideumont
The impact on the derived probability of hail is limited to sjgnificantly exceeds the maximum reflectivity from De Bilt.
13%. The mean difference is 10 dBZ at 44 km with a standard de-

As can be seen on Fig. 1, data from the radar of De Biltviation of about 1 dBZ. At long ranges, the opposite behavior
are only available up to a distance of 200 km and significantis observed with reflectivities from De Bilt exceeding those
ground clutter is present up to a distance of about 40 kmfrom Wideumont by about 5dBZ at 200 km from Wideumont
Besides, the radars do not scan the whole tropospheric cof44 km from De Bilt). At intermediatee ranges, the mean dif-
umn at short ranges. For this reason, we have limited thderence Zy;,-Zp., does not depend on the distance. A sig-
comparison of the reflectivity data to ranges between 44 andificant bias of 5 dBZ is obtained between the two radars.
200km. This range domain which is symmetric around theThis result shows that the quantitative comparison of cross
middle point between the two radars has been divided intcsections is an effective method to point out a bias between
15 range intervals. All intervals are 10-km wide except thetwo radars. Such a calibration difference is certainly a matter
two extreme ones which are 13-km wide. For each inter-of concern. A careful re-examination of the hardware cali-
val, the maximum reflectivity from both data sets were com-bration of the two radars is being performed.
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distance from Wideumont. Fig. 5. Mean difference of the maximum reflectivity height as a

function of the distance from the radar of Wideumont for reflectivity

Near Wideumont, the slope of the mean difference is abou{hresholds_of 7 dBZ (solid line), 20dBZ (dashed line) and 30dBZ
5dBZz/40 km while the slope is about 10 dBZ/40 km near De dash dotline).
Bilt. It means that the degradation of the reflectivity measure-
ments with the distance is more pronounced for the radar ofvith maximum reflectivity values higher than a given thresh-
Wideumont than for the radar of De Bilt. This is probably old are considered. The comparisons were made for three
related to the scan strategies of the two radars. The numbaetifferent thresholds: 7dBZ, 20dBZ, and 30dBZ. With a
of elevations is larger for the radar of De Bilt and the low- higher threshold, only the heights of high reflectivity cores
est scanned elevation is 0.5 degree for Wideumont while itare compared which means that the comparisons are based
is 0.3 degree for De Bilt. As a consequence, overshootingon a smaller number of valid pairs. The comparison was not
effects are likely to occur at shorter ranges for the radar ofmade for a 45dBZ threshold because the number of valid
Wideumont. The orography amplifies this effect since thepairs is too small. Figure 4 shows the number of valid pairs
radar of Wideumont is located near the top of the Ardennesas a function of the distance. With a 7dBZ threshold, the
ridge at 585 m asl while the radar of De Bilt is almost at seanumber of valid pairs is around 25 per range interval. It drops
level. The distance from which a deterioration of the mea-to a value around 10 for a 30 dBZ threshold. Figure 5 shows,
surements appears is about 140 km for the radar of Wideufor each threshold, the mean difference between the heights
mont and 155 km for the radar of De Bilt. of the maximum reflectivity values from the radars of Wideu-
Echotop products are sensitive to reflectivity levels mea-mont and De Bilt. With a 7 dBZ threshold, the mean height
sured by the radar but also to the heights assigned to thdifference is less than 500 m up to a distance of 140 km from
measured reflectivities. In order to identify height assign-the radar of Wideumont. Except at very short ranges, the
ment errors, the height where the maximum reflectivity is ob-radar of Wideumont tends to assign larger heights than the
served has been extracted for each range bin from both radaradar of De Bilt. At long ranges, the height differences in-
and the mean value for each of the 15 range intervals hasrease rapidly. At 190 km from Wideumont, the maximum
been determined. To eliminate maximum reflectivity heightsreflectivity heights seen by the radar of Wideumont exceed
corresponding to low reflectivity levels, only range intervals those seen by the radar of De Bilt by about 2km. At this
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ETP(Wid)—ETP(DeB) 4 Conclusion

SF E Reflectivity data on a vertical cross section extending from
g ey ] the radar of Wideumont in Belgium and the radar of De
g T T =— ’ Bilt in The Netherlands have been compared and the differ-
e > . ences have been analysed. Three thunderstorm episodes have
_E ‘\'/' E been considered and 40 cross sections have been extracted
from both radar volumic data. These comparisons appear as
—2F 3 a valuable tool to point out calibration differences between
—3E. .. ‘ ‘ ‘ ‘ ‘ ‘ ] radars as well as differences in the heights assigned to the
60 80 100 120 140 160 180 200 measured reflectivities.
distance from Wideumont rador (km) The quantitative analysis of the results shows that the mea-
surement quality of maximum reflectivity and echotop values
are not affected by range up to a distance of about 150 km.
Within this range, the mean maximum reflectivity difference
between the two radars is about 5 dBZ while the mean dif-
range, the difference in altitude of the lowest beams of theference of the height assigned to the maximum reflectivity is
two radars reaches 4 km. In many cases, the radar of Wideuess than 1 km. This suggests that height assignment errors
mont overshoots the maximum reflectivity core observed byhave a relatively low impact on the probability of hail es-
the radar of De Bilt. For larger thresholds, the height differ- timated by the hail detection algorithm used at KNMI and
ences obtained up to a range of 140 km are larger but remaiRMI. In contrast, small errors in the reflectivity measure-
generally smaller than 1km. Larger height differences arements may strongly affect the derived probability of hail es-
obtained at long ranges, especially with a 30 dBZ thresholdpecially if the measured maximum reflectivity are close to
where the height difference reaches 3 km at 180-km rangethe 45dBZ threshold. Our results show that calibration er-
Note that for all thresholds and for all ranges, the standardors dominate errors arising form inaccuracies in the antenna
deviation of the maximum reflectivity height differences is pointing and from variations in the atmospheric propagation
close to 0.3 km. conditions. Nevertheless, the relative importance of the dif-
Based upon the results presented here, we can concluderent sources of errors will be further investigated using a
that the radar of Wideumont generally tends to measurdarger number of thunderstorm episodes.
higher reflectivities and to assign higher altitudes to the mea- )
sured reflectivities than the radar of De Bilt. Besides, the”ACknowledgementsThe authors warmly thank Hans Beekhuis
difference in the scanned elevations angles of the two radar®™ KNMI_ (The Netherlands) and Geert De Sadelaer and

significantly affects the performances at lona ranges. Usin hristophe Ferauge from RMI (Belgium) for efficient technical sup-
9 y P Y ges. ort. The present study was done in the framework of the EU

a lowest ?Ie\{a}tlon gngle of 0.3 degree ',nStead of 0.5 degrg OST-717 action “Use of weather radar observations in numerical
allows a significant increase of the effective range where reli-yeather prediction and hydrological models”.
able measurements of the vertical structure of the reflectivity
field can be obtained.
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datasets, the difference in the derived probability of hail can
reach 100%. This effect has not been examined in the present
study since the number of cases is too limited.
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Fig. 6. Mean difference of the echotop 7 dBZ (solid line), 20 dBZ
(dashed line) and 30 dBZ (dash dot line).



