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1. Introduction

__Radar measurements can suffer from lack of sta-
bility due to different causes, specially in attenuated
radars. From electronic fluctuations [Della-Bruna et
al., 1997] to general attenuation due to rainfall over
the radom [Manz et al., 1999], this kind of subdetec-
tion could become critical in some cases. It also may
lead to unproperly apply other usual correction proce-
dures if signal stability is not controlled and corrected
(as removal of screenln% effects from partial beam
blocking [Delrieu et al., 1995], or rainfall attenuation
[Delrieu et al., 1999]).

A methodology to monitor and control the stability
of radar measurements based on the analysis of the
mountain returns is proposed. It has been designed to
work operationally on real time, and it is devoted to
two objectives: 1¥ to give a real-time alert in case_of
%arge signal instabilities; 2) to estimate a correction
actor.

2. Description of the methodology

The basis of the proposed methodology is to con-
trol radar signal stability through the analysis of tem-
poral variations of ground clutter returns. As refer-
ence for the ‘correct’ radar functioning, an average
clutter map measured by the volumetrical scanning C-
band radar of the Spanish Instituto Nacional de Mete-
orologia (INM) located at Barcelona was determined.
M;ain radar characteristics are 0.9° 3-dB beamwidth,
A=5.6 cm, 20 elevation angles. A series of 700 radar
maps (i.e approximately 7 day of radar functioning)
were selected to calculate the mean map. This data
were detailed overviewed to ensure non-precipitating
conditions and absence of anomalous propagation.
Then for each time step radar stability is analyzed by
comparing the ground clutter measured at the first
elevation of the present radar image against the aver-
age clutter map, which is taken as the correct refer-
ence (see Figure 1).

~ The orography of the region covered by the radar
is characterized by the increasing altitude of the ter-
rain from the sea to the inner regions. Three major
mountain chains can be distinguished. The first two
are parallel to the coast, and located inside a strip of
terrain at less than 40 km from the sea. These moun-
tains act as a barrier that induces the convection of
humid air coming from the sea, favoring the generation
and growth of precipitation.

The third mountain chain, the Pyrenees, is located
at the Ufper part of the radar coverage (not showed in
Figure 1), and exhibits the highest elevations of the
region. Figure 1 shows that close to the radar the most
intense ground echoes are registered at the second
coastal mountain chain. An important area of low ter-
rain-returns, due to the effect of the secondary lobes,
is located at the vicinity of the radar and along a strip
among the two coastal mountain chains.
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Figure 1. Ground echoes pattern up to 60 km from the
radar for the first elevation (0.5°) of the INM radar at
Barcelona.

A threshold of 23 dBZ was establish in order to de-
termine those values useful for the analysis (i.e. clear
interceptions of the main lobe and the terrain). A proc-
ess of labeling was then applied to the resulting refer-
ence map in order to classify all clutter locations.

For any available radar image the comparison be-
tween reference and present values is performed in
the following manner: as a first steﬁ all the values of
the radar image corresponding to the position of the
labeled reference ground clutter are selected. Then a
double test is applied in order to reject the ground clut-
ter pre-selected values that:

a) are ‘contaminated’ by the rain (i.e. terrain-
induced sn%nals are not only due to beam in-
terception but to a joining contribution of rain
and ground returns).

b) suffer from attenuation in the path between
ground echoes and radar.

In the first test the average reflectivity around
each labeled clutter location is evaluated: a radius of
5 km outward the clutter location is used to define its
neighborhood external area. Labeled clutters which
neighborhood average reflectivity is > 20 dBZ are dis-
carded from the analysis. The second test rejects
echo values that present a reflectivity > Z  dBZ
somewhere along the path from the radar to the echo
(presently, we use Z,, = 40 dBZ). Although a method
based on the evaluation of the possible degree of at-
tenuation would be more satisfactory we have imple-
ment this condition as a first level of complexity.

Are
tablished in order to compute an over or_under-
detection factor in dB. This factor, f, is determined as
the average deviation of the fitted model respect to
the perfect adjustment between 23 dBZ and 40 dBZ.

An additional constraint is finally applied in order
to assure the robustness of the result, and if the num-

ession between the valid points is then es-



ber of actual valid points, n,,, is smaller that N,
(N,,= 30) the resu_ltln% correction is rejected. In this
case the first previously accepted over sub-detection
factor is applyed.

As last step a threshold T, =+ 2 dB is applied in
order to account for the intrinsic variation of ground
echoes in dry conditions (i.e. the correction is applied
only if Of0 > 2 dB). This threshold is devised from an
analysis of the temporal variation of f under clear air
conditions (using the same radar maps employed to
define the mean ground clutter map). Figure 2 shows
the variation of f along this set of images, where it can
be observed a clear long cyclical behavior (each cycle
involves a period of approximately 5 hours) betweén +
2dB. There is not a clear reason for such a behavior,
and the causes are being investigated. Finally, for
operational purposes three levels of correction have
been established:

c) Robust correction: if n,,4 > N, , and the cor-
_relagog between reference and present points
is >0.8.

d) Not robust correction: if n,4 > Ny, , and the
correlation between reference and presentl
points is > 0.7 but < 0.8.

e) Not possible correction: if n,;,y < Ny, , or the
correlation between reference and present
points is < 0.7. In this case the first previ-
ously accepted subdetection factor is used.

2. Case study

~ We have evaluated the performance of the algo-
rithm over different events with severe to light rain
over the radar. Figure 3 shows the temporal evolution
of the correction factor f, for two studied events,
along with different examples of the performance of
the algorithm. The different symbols indicate the re-
lated Tevel of correction. The first event (June 10,
2000) is characterized b}/ a strong convective activity
(first é)art of the event) followed by a more stratiform
period.

In the first images of the event a long squall line
moves from south to east inside the radar coverage
area and the al%?rlthm provides ‘no correction is nec-
essary’ result (Uf0> 2 dB). The s_catterﬁlot 1 in Figure
3 shows an example of this period. The comparison
between reference and present ground clutter is plot-
ted using crosses for the valid values (not attenuated,
and not rain contaminated) and dots for the rest of the
points. Notice that most of the dots are clearly located
out of the 1:1 line, underestimating the clutter intensi-
ties (attenuated values) or overestimating them (i.e. it
rains over the clutter). From image 16 to 20 the radar
itself and its vicinity was affected by the squall line,
so that a general attenuation is observed (see scat-
terplot 2). The resulting valid points don't allow the
algorithm to define a robust correction factor, and
their clear dispersion could be related to the fact that
the methodology used to discard the attenuated val-
ues is not effective in this case.

After image 20 the correction is more stable, indi-
cating an under-detection greater then 5 dB. Scatter-

plot 3 in Figure 3 shows an example of this period:
most of the valid points are regularly shifted above the
line 1:1. This under-detection over such period could
be due to a temporal radar failure or the remnant effect
of the previous rain over the radome. The second
temporal evolution of f correspond with a more_light
convective event (20 October 2000). The most inter-
esting feature of this event is the performance of the
correction in cases of anomalous propagation (AP) in
dry weather (as in the first 5 images of the event).
Scatterplot 4 in Figure 3 shows an example of this
situation. The AP effect increases the dispersion of
the comparison, which is reasonable since ground
echo locations for the observed values does not cor-
respond with the mean ones. The result is a over-
detection factor, which could be used as an indicator
of this type of problems, although its application could
not be easy in case of rain.

4. Conclusions

The proposed stability algorithm aims to be a pri-
mary tool to monitor and control the radar signal.
Along the studied events it has deserved a reason-
able performance except for intense rain over the ra-
dar (general attenuation). Future development should
be done in order to improve the detection of attenua-
tion among the radar and the ground clutter, using an
improved algorithm _able to compute the path Inte-
grated attenuation. On the other hand it would be nec-
essary to study the effectiveness of the algorithm as
a function of the size of the ground echoes included in
the analysis, its distance from the radar or their re-
lated degree of beam interception. This study could
provide which are the most suitable terrain-induced
echoes for the optimum performance of the proposed
algorithm.
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Figure 2. Temporal evolution of the f factor in dry weather conditions.
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Figure 3. Above: temporal evolution of the f factor along two analyzed event. The symbols indicate the robust-
ness of the f calculation. The four scatterplots below show different examples comparing the ground clutters
from a given radar image against the values on the reference mean map.



