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Impact of combined beam blocking and anomalous propagation
correction algorithms on radar data quality
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Abstract. Radar precipitation estimate is affected by severalcal approach cannot be sufficient to obtain the optimum re-
kinds of errors and corruptions, therefore, it is difficult to flectivity value. This is evident in presence of problems re-
evaluate its reliability in meteorological applications. The lated to the signal propagation that is strong depending on
general aim of our work is to reduce such contamination andatmospheric conditions of the boundary layer. For exam-
to identify a data quality flag that resumes the impact of theseple, ground clutter and beam blockage are different form of
errors in the final rain rate data. data contamination that affect reflectivity measure in com-
In this specific context we evaluate the amount of data con{plex orography. Their common cause is the interaction of the
tamination due to signal interaction with the ground that pro-radar signal with the ground. A physical based approach to
duces clutter and beam blocking (BB). The attention is fo-correct this effects cannot negligee the study and modelling
cused on its relationship with the variability of the propaga- of the radar beam trajectory depending on thermodynamic
tion conditions. boundary layer conditions. This approach permit a more ef-
We consider as base field, a radar field decluttered througficient real time correction of radar field, that takes into ac-
a doppler filter and a clear air static map. We apply on thiscount the operating conditions. But, because of it is based
field an algorithm of anomalous propagation detection base@n several assumptions and simplifications (such as negli-
on vertical profile analysis, and than we add one based oibility of secondary lobes), it must be integrated with the
the signal propagation model included in the BB correctionstatistical based pre-processing and with a empirical-statistic
algorithm. The results of the two algorithms are compared topost-processing.
verify the improvement introduced from the BB and propa-
gation model to resolve different kinds of artifices. The ad-
dition of BB correction algorithm produces a change in the

original scheme, not only in terms of power loss correction, | iha 1ow troposphere electromagnetic waves do not propa-

buh evenin t?e ch0|ce_ Of th”e Oﬁ“”?“m elevatlon§ mag). I::j'gate generally in a straight line; its path is a curve depending
nally we evaluate statistically the improvement introduce on the variation of the refractive index which is a function

by addi_ng BB algorithm in the operational line of radar data of the temperature and water content. Empirical observa-
correction and consequently the impact of the BB on the dat&fions demonstrate that the refractive index gradient in stan-

quality, related to the propagation conditions. dard conditions and in the first 2 Km of the atmosphere is
constant and inversely proportional to the earth radius. In
this case the effective earth radius (hypothetic radius that the
1 Introduction earth must have, if we consider the ray path as a straight line,
to keep the relation between ray height and arc length) is:
The use of radar rain measurement in a operational way such
o .y . d. = 4/3a 1)
as data assimilation or data mosaicking needs to define a se*
quence of preliminary operations to remove data artificeswhereq is the earth radius ang, is the effective earth ra-
The correction can be performed trough statistical-empiricaldius. Usually, for dimensional reasons the propagation con-
analysis or physical-based modelling. Due to the strong variditions are described from the refractivity (M x10°). For
ability of the factors that determines the problems, a statisti-microwave and in the low troposphere, this growth can be
estimated through the formula of Bean and Dutton (1968):

2 The radar signal propagation.
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7 Fig. 2. Beam blockage schema of Bech et al. (2003). The fractional
power loss is pBB = A/A;;.

Fig. 1. Beam path at 05antenna elevation. It has been 'broken’

the principal lobe in small rays and followed the path of each one. mas.|.
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where N is an adimensional number, P is the total pressure
P, is the partial pressure of water (mbar) and T is the tem-
perature { Kelvin ). In the radar-meteorology applications 1000 S
we consider the firsts kilometres of atmosphere, in this layer 800 B
the temperature decreases generally with the height and th 60O
N gradient is near to the value ef40 km ! (standard con- 400 4
ditions). In temperature inversion conditions, this value is | —
often lower than—157 knT! and the ray could bent to the e "
ground. During this phenomenon, called anomalous propa-.sg 200 150 100 50 0
gation (hereinafter anaprop), we can, wrongly, attribute clut- krmrt
ter echo as meteorological objects and overestimate the rain
intensity. Further, the propagation depends strongly on loFig- 3. N gradient profile. Time: 01/08/2003 00.00.
cal thermodynamic conditions, which substantially varies in
space and time. Anaprop events are generally determined
from the thermodynamic conditions of the first 200-300 m €levations normally (during clear air weather) not affected
of atmosphere. In flat land the radar beam reach this heighfrom ground echoes. This approach is efficient to remove a
(relative to the ground) into a distance quite small. As a con-large rate of contamination affecting data in standard condi-
sequence even if a sounding station is unable to characteriZéons and to avoid the effects of secondary lobes, but never
the propagation conditions over the whole radar domain, infesolve anomalous propagation effects, never takes into ac-
flat land, it can be sufficient to recognize anaprop conditionscount the power loss due to the mountains. Therefore we
In our work we have used the TEMP (WMO radiosoundings have integrated this map introducing propagation and beam
data format) interpolated at steps of 25m, to derive the Nblockage modelling. Two other maps has been defined, a
profile, assuming this description valid in the mountains aregforecasted clutter elevation map (hereinafter FCEM) and a
too. Once known the N gradient the path of a wave relativebeam blocking elevation map (hereinafter BBEM) The first
to the earth can be calculated through the formula reported i obtained calculating the path of radar beam through the

1200 -

Doviak and Zrnic (1984). Eq. (2), and overlaying it to a DEM (digital elevation model):
scan elevations are chosen in each bin to avoid ground clutter.
h = \/r2 + (koa)? + 2rk,a siné — k.a + Hy 3) This map is obtained considering the path of the one-half-

power lobe lower limit (and not of the centre) to take into
account cases of anomalous propagation. In this cases the
beam section does not propagate as a circle, and we cannot
derive the points of clutter simply from centre trajectory. It
has been observed in the case illustrated in Fig. 1, where we
have broken the principal lobe in small rays and followed the
ray paths. To describe the form of the beam section it would
3.0.1 The static map be necessary a three dimensional model, therefore we have
skipped the problem considering directly the path of lower
The most simplex and low cost way to avoid clutter echoes inlimit.
radar rain estimate is the use of maps of clear air (hereinafter The second map is chosen in order to grant sufficient
CAM), i.e. to keep the Z value from radar scans at differentpower (i.e. at least 50% of transmitted power) reaching each

wherer is the distance from radas, the Earth’s radiusg
the antenna elevation andglthe antenna’s heighk,ais the
effective Earth’s radius, which is a function of the N gradient.

3 Clutter and beam blocking removal
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Fig. 4. High panel: BBEM + FCEM (lefts) and static map of clear
air CAM (rights). Low panel: final static map. Time: 31/07/2003
20.00.
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Fig. 5. Percentage of beam blocking. Time: 31/07/2003 20.00.
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Fig. 6. Anomalous propagation (green), detected from original
scheme of Alberoni (left panel) and from new scheme (right panel).
Time: 31/07/2003 20.00.

Table 1. Anomalous propagation detection thresholds, for the first
bin with anaprop in a azimut and for the sequent bins in the same
azimut (‘behind anaprop’).

Threshold (dbZ) Standard Behind anaprop

T1 30 15
T2 -10 0

Table 2. Quality parameters.

Quality parameters value
Distance bin-soil m
Corrected beam blocking %
Removed clutter Yes/no
Anomalous propagation control  Yes/no
No data Yes/no

3.1 Removal of residual anomalous propagation clutter

Because of the approximations in the path modelling, such as
the spatial uniformity of N profile, and its linear time evolu-
tion, is necessary a post elaboration to remove residual clut-
ter due at first to anomalous propagation. The method used
in this work has been implemented by Alberoni et al. (2001)
and is based on the vertical Z profile analysis. Anoma-
lous propagation is discriminated if the difference between

bin. The beam blocking model based on a geometric-opticZ value at the elevation of static map and at the successive
approach (Bech et al., 2003) is described in Sect. 3.3 an@levation exceeds the thresholds T1 in Table 1 or if this dif-

needs only to know the DTM and the gradient of refractivity.

ference is greater than 0 dbZ and the value at the successive

To describe the atmospheric condition we have used the raelevation is lower than T2. We have introduced a modifica-
diosoundings falling in the twelve hours before and after thetion to this scheme, to take into account cases of rain with
case. The N profile is calculated as time linear combinationlimited vertical development: at second or successive eleva-
of them obtained from the radiosoundings. If the radiosound-tions and after 80 km from radar, the test is applied only if
ing is absent, it has been used a standard profile. The finahe difference between Z value at previous elevation and at
static map contains in each bin the maximum elevation of thecurrent elevation is greater than a threshold of 10 dBZ (i.e. it

three maps.

is probably present clutter).
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Fig. 7. Left panel: Z map after CAM+VPR analysis correction. Right panel: Z map after the new method correction Time: 31/07/2003
20.00. Increasing reflectivity from blue to red.
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3.3 The combined algorithm and the quality output
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The methodology to remove clutter and beam blockage can
be resumed in this steps: 1) choice of the combined static
map as sum of CAM, FCEM and BBEM 2) correction of
the power loss 3) removal of anaprop residual clutter through
vertical Z profile analysis of Alberoni et al. modified schema.
: This order of actions is established for the application of the
v Sy o method in an operative line. For the same scope we have
* dim—e:ﬁ“féﬁ () me’ added another step: the production of quality outputs i.e.
0123 45 6 km ok  anap  nd ne indicators of the effective reliability of the final reflectivity
datum for meteorological applications. It has been defined
Fig. 8. Left panel: a) bins height relative to the ground. Right panel: some parameters assuming quantitative or logical values that
b) bins classification; ‘anap’=anomalous propagation, ‘nd’=no data,gre shown in Table 2. The next work will be to find a quality
‘nc'= no control; Time: 31/07/2003 20.00. function that takes into account this indicators.
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4 Results

3.2 Beam blocking model The described methodology has been applied and tested on
two case studies related to different type of meteorological
events. The firstis a thunderstorm occurred in summer 2003,
on 31 July when anomalous propagation conditions has been
The beam blocking model developed from Bech et al. (2003)verified. The second is a case of stratiform rain occurred in
is based on a geometric-optic approach, i.e. because of miwinter 2003, at 10 December in the afternoon. The reflectiv-
crowaves, such as visible waves are totally absorbed and raty dataset comes from San Pietro Capofiume radar located
flected from ground, is possible to evaluate the power block-in Italy, in the Po Valley 30-40 km from the mountains of
age treating them as where light. This model assumes that th&ppennino. Here is colocated the radiosounding station. We
main lobe propagates in the atmosphere with a circular sechave used the radar scans at min 00, 15, 30, 45, decluttered
tion where the power density is uniform. This approximation through Doppler filter and acquired at PRF of 1200 Hz and
isn’t applicable in anomalous propagation conditions, but itimpulse time of 0.5us, i.e. with a range resolution of 75m,
is at the elevations chosen previously in the static map, thasmoothed afterwards at 250 m. The angular width of antenna
are defined to avoid anomalous propagation effects. In facts 0.9 and its scan elevation are 0.5°,%.2.3, 3.2, 4.1°.
the exemplum in Fig. 1 shows how, even if the lower part The performance of the new algorithm has been evaluated, at
of the beam bent to the soil, the upper part propagate freelyirst qualitatively, comparing it with a method of reflecitivity
in the atmosphere. We can also assume that at the upper etorrection based only on CAM and anaprop removal schema
evation the circular section approximation is reliable. Theof Alberoni et al. (2001). Thereafter a statistical analysis
fraction of power lost is so equivalent to the fraction of beamon the two complete events has been performed to evalu-
section intercepted from orography as illustrated in Fig. 2 ate quantitatively its reliability. To illustrate the operational
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Fig. 9. Map of cumulated rain after CAM+anaprop correction (left panel) and after the new method correction (right panel). Event 10/12/2003
from 15.00 to 23.00. Increasing rain from blue to red.

sequence including the quality output we have chosen arnhe event from about 130 raingauges located from° 185
instant of the thunderstorm event with anomalous propaga270 azimuth, i.e. in the Appennino zone, and 20 Km far
tion. In Fig. 3 the N gradient obtained from the nearest ra-from radar, to avoid the area of secondary lobes. The radar
diosounding is represented. A strong temperature inversiomain has been interpolated in a grid of 1 ki Km of reso-
causes anaprop in the first 200 m, in fact the value of dN/dh idution and cumulated in the hour; the hourly datum of each
smaller than-157 knT1. The form of the radar beam for the raingauge has been compared with them of the radar in the
elevation of 0.8 is illustrated in Fig. 1 and has been previ- correspondent cell. To convert Z in rain (R), we have used
ously discussed. Using this atmospheric description we havan equation of type Marshall and Palmer (1948jaR’. In
defined the FCEM and the BBEM and combining them with absence of the optimum pair of coefficientandb we have
the CAM we have obtained the final static map (Fig. 4). In evaluated the performance of the two algorithms varying
this case, because of the strong anomalous propagation, ttendb.
elevation is nearly overall greater than the first. At this ele- Once defined the bias as
vation the modelled beam blockage is almost absent as rep-
resented in Fig. 5. (er) = (Rr — Rp) (4)

Next step is the removal of anomalous propagation Clut,e oher calculated evaluation indexes are (Marzano et al.,
ter. In Fig. 6 the maps of anaprop obtained from original , 4):
and modified scheme are represented: at the SO bound of the
map a precipitation echo is recognised from the original algo- - _ the root mean square error
rithm as anomalous propagation; the second scheme avoids
this error. 2

Figure 7 shows the reflectivity map at 1km resolution ob- RMSE = \/@ ©)
tained from the method of clutter removal based on CAM and
anaprop schema, and that obtained from the new combined
method. It appears clear that the new scheme reduces thfeMR __ {(Rp) — (er) ©)
ground clutter and the blocking effect (beyond the mountains - (Rp)
the signal is more continuous). We note in either scheme the
presence of secondary lobes echoes. The last step is the pro-— the fractional variance reduction

— the fractional mean reduction

duction of a set of quality index: the fractional beam block-

ing (Fig. 4), the map of heights relative to the soil (Fig. 8, <U1%P> - (UszE>

lefts) and the bins classification including recognised anomaf VR = T\ ()
lous propagation (Fig. 8, rights). Once illustrated the opera- <URP>

tive steps, we have focused the attention on the whole events.
The cumulated rain for the stratiform event has been calcu-
lated through the two algorithm and represented in Fig. 9. (Rp)
The effect of beam blockage correction is visible, togetherM RB =
the remaining problem due to the vertical variation of reflec-
tivity that strongly affect the final result. The optimal value of FMR, FVR and MRB is 1 and of RMSE
Finally we have performed the quantitative-statistical anal-is 0. We have calculated this indexes using radar rain from
ysis, in the mountain area, since the new algorithm produceshe new algorithm (BSA) and from ‘CAM + anaprop correc-
its effects mostly in and beyond the mountains. As optimaltion’ algorithm (SA) and we have compared them. Fig. 10,
datum we have considered the hourly rain measured duringrig. 11 and Fig. 12 shows respectively the RMSE, the FMR

— the mean ratio bias

)

R)
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Fig. 10. RMSE of summer event (upper) and for winter event (be- Fig. 12. FVR and MRB of summer event (upper) and for winter
low) for the CAM+anaprop algorithm (SA=static map+anaprop) event (below) for the CAM+anaprop (SA) and for the new algorithm
and for the new algorithm (BSA=blocking +new static map (BSA).

+anaprop). In each-constant sectoy; increases from left to right,

at step of 100, from 100 to 1600.
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ment is closely dependent on the pair of chosen MP coeffi-
cient.

It is difficult to evaluate the performance of the algorithms
observing the bias and similar indexes as FMR and MRB.
This indexes are conditioned totally froomandb. FVR, in
the analysed cases, is very near to 1 because the variance
of the error is more smaller than the variance of the rain
field. A strong influence on the value of this indexes has
even the variation of vertical profile of reflectivity, that here
is not corrected. In fact, the introduction of propagation and
BB model, increases often the height at which the reflectivity
data are kept, respect to the old algorithm. In an operational
line, where the VPR is not corrected, this can imply for the
final rain rate a smoothing of the previous improvement or
even a worsening. Finally, it must be noted that the indexes
are calculated on cells that are concentrated in the Appennino
area into the region Emilia Romagna (Fig. 13); i.e. the per-
formance of the algorithm in the boundary of the radar map
is so neglected.

5 Conclusions

Fig. 11. FMR of summer event (upper) and for winter event (below) The illustrated correction schema introduces some advan-

for the CAM+anaprop (SA) and for the new algorithm (BSA).

and FVR coupled with MRB, vs. MP coefficiendgsandb,

for the two methods, in the two case study.

tages respect to the correction of the CAM+anaprop algo-
rithm. At first, it takes into account the real (or approxi-
mated) atmospheric state and recognizes anomalous prop-
agation conditions. This permit to change the elevation at
wich the data are kept, avoiding or reducing this artifice, be-

The new algorithm shows a lower RMSE moreover in the fore the application of the anaprop removal algorithm. Sec-
anaprop case of summer 2003. The amount of the improveend, it introduces the beam blockage correction and produces
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Finally, to obtain the best field, very important is the choice

of the Z-R relation, depending on the type of event, or at lest

on the season.




