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On the Effect of Radome Characteristics
on Polarimetric Moments and Sun
Measurements of a Weather Radar
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Abstract—This letter illustrates the effects that the regular
pattern of the metallic unions of a four-panel radome had on
the polarimetric variables [differential reflectivity Z,., copolar
differential phase ¢q, offset, and copolar correlation coefficient
(pry)] as well as on the sun measurements of a mobile X-band
weather radar. In particular, we focus on the analysis of the
spatial distribution of the biases and the temporal variability of
the sun measurements. We show that the metallic unions result in
a nonnegligible sinusoidal-like spatial variability of the estimated
biases (on the order of 7°-8° for ¢q, offset and 0.4-0.5 dB for
Zg4. bias), as well as a drop in p;, in rain and a large temporal
variability in the power measured by sun scans. These effects
are compared with the measurements collected without a radome
and with the measurements collected with a seamless monoblock
radome on the same radar system. It is shown that operating
without radome, when possible, has a positive impact on the
data quality, largely reducing the spatial variability of the biases
and increasing the p;, in rain. Similar performances, without the
inherent risks, can be obtained as well with a seamless radome.
Nevertheless, regardless of the form of operation, we advocate
for monitoring the data quality as accurately as possible if
quantitative applications are desired.

Index Terms—Data quality, polarimetric weather radar,
radome.

I. INTRODUCTION

HE widespread introduction of polarimetric radars has

been a game changer for radar meteorology. However,
in order to obtain the most from the added information that
polarimetry provides, careful monitoring and calibration of the
system are required. One important aspect that sometimes may
be overlooked is the effects of the radome structure on the
quality of the polarimetric variables.

Since 2012, MeteoSwiss operates a mobile X-band Doppler
polarimetric weather radar, METEOR 50DX. The system pro-
vides, among others, basic polarimetric moments, i.e., reflec-
tivity (horizontal Z; and vertical Z,), differential reflectivity
(Z4), copolar correlation coefficient (pp,), and raw copolar
differential phase (yqgp) as well as the Doppler moments.
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It is used for customized applications of specific clients as
well as a research and development platform. The system
location changes according to the client needs. Since the start
of operations, it has been moved to ten different locations
within Switzerland on campaigns lasting from few days to over
two years. The client applications request the measurements
of the upmost accuracy; hence, particular care has been taken
to monitor and calibrate the radar.

A few of the issues encountered in the quest for accuracy
were related to radome effects. A well-known effect of the
radome, particularly at the X-band, is the wet radome atten-
uation. This is caused by rainfall causing a water coating
on the radome that acts as an additional reflective layer
and, consequently, reduces the power of the signal that is
propagated. This effect has widely been studied in the past.
One methodology is to perform empirical measurements with
natural or artificial rain. It has been applied to radars working
at various frequencies such as C-band [1] or X-band [2], [3].
Others have attempted to model the radome effects, reporting
good agreement with actual measurements [4], [5]. Hydropho-
bic coating of the radome is used to minimize the wet
radome effect, but a regular maintenance is required, since the
coating ages rapidly. Attempts have been made at correcting
radome attenuation by exploiting the self-consistency of the
polarimetric variables [6], by correlating the increase in the
microwave emissions due to the precipitation at high elevation
angles with radome attenuation [7], or by using nearby radars
less prone to radome attenuation [8].

Another important effect is caused by the radome structure.
Typically, a weather radar radome is formed by several panels
lap-joined using metallic threaded unions. If such unions
are aligned over a particular orientation (typically vertically
oriented), they may have a nonnegligible effect on the quality
of the polarimetric variables. Indeed, the metallic unions are
reflective and, when aligned, they may reflect more power
from one transmitted polarization than the other, consequently
disturbing the measurements and causing spatial-dependent
biases [9]. To overcome that issue, randomized radome designs
have been adopted widely in modern dual-pol radars. However,
in order to reduce costs, weather services sometimes opt for
keeping the old radomes when adding polarimetric capability
to their radar systems. In such a case, attempts at mitigating
the problem by using spatial calibration curves have been
performed [9]. However, due to the stochastic nature of the
radar measurements, there is an inherent uncertainty on the
calibration curves, which results in an increase in the overall
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(a) Multipanel radome with the four panels (P1-P4) and the
dimensions marked. (b) Seamless radome.

Fig. 1.

measurement uncertainty. Furthermore, it should be mentioned
that a similar effect may be due to the near-range objects such
as trees, poles, fences, and so on.

The original METEOR 50DX radome has a cylindrical
base of 2.55-m diameter and 1.1-m height with a 2.55-m
diameter semisphere on the top. The entire radome has a
height of 2.375 m. The radome shell has an A-sandwich
structure of fiberglass skins with a polyurethane foam core.
It is composed of four panels lap-joined by metallic threaded
unions. There are three main lateral panels and a small circular
panel on the top of the radome. The three unions of the
lateral panels start at the base of the radome and reach the
top forming a helical shape. As it will be illustrated in this
letter, such a configuration was causing the aforementioned
spatial calibration bias. A short experiment with the radome
off confirmed that the spatial bias was likely due to the metallic
union distribution. After discussing with the radar manufac-
turer, it was decided to install a new seamless radome. The
seamless radome features a one-piece structure made of glass
fiber-reinforced plastic materials with hydrophobic coating.
The radome wall consists of a three-layer sandwich structure.
Two shells of molded fiberglass skins cover a foam core to
ensure a good stability—weight ratio. The major improvement
is in the laminated overlapping panel-joints that are optimized
by a structural and electrical tuning. No lightning rods or
any lightning-protection cable other than proper grounding
of the trailer is used. Fig. 1 shows the original multipanel
radome with the four panels color-coded [Fig. 1(a)] and the
new seamless one [Fig. 1(b)].

This letter discusses the data-quality-monitoring techniques
used at MeteoSwiss in Section II. Section III shows the effects
of the multipanel radome on the polarimetric data. Section IV
provides a brief discussion on the measurements obtained
without any radome. Section V shows the situation with the
seamless radome. Section VI provides some conclusions and
recommendations.

II. POLARIMETRIC DATA-QUALITY
MONITORING AT METEOSWISS

Polarimetric data-quality monitoring at MeteoSwiss is per-
formed by the in-house-developed open-source python-based
software Pyrad [10]. Pyrad is a multipurpose radar
data-processing framework that can work both in real

time and offline. Pyrad can process and visualize data
from individual radars as well as composite images. It is
capable of ingesting data from all the weather radars in
Switzerland, namely, the operational MeteoSwiss C-band
network, the MeteoSwiss-operated X-band METEOR 50DX
radar, and the EPFL-owned MXPol radar, as well as radar
data in the OPERA file format. The signal processing
and part of the data visualization are performed by a
MeteoSwiss-developed version of the Py-ART radar toolkit
that contains enhanced features. MeteoSwiss regularly con-
tributes back to the main Py-ART branch [11] once a new
functionality has been thoroughly tested and it is considered
of interest for the broad community.

Among the many functionalities implemented by the Pyrad
framework, there is an extensive suit of standard data-
quality-monitoring techniques. Details on the actual imple-
mentation of the techniques discussed in this section can be
found in [12]. pp, in rain and ¢q, offset are monitored using
similar techniques, as described in [9]. Zg4; is monitored using
three different techniques: examining the values in precipita-
tion when performing a birdbath scan, checking the value in
moderate rain (i.e., 20-22 dBZ) [9], and inspecting its value in
aggregates [13]. The absolute reflectivity bias can be estimated
using the self-consistency technique described in [14], whereas
its evolution in time is monitored by examining the ground
clutter in the vicinity of the radar (the so-called relative
calibration adjustment) as in [15]. Furthermore, the reflectivity
at the colocated gates can be examined in order to ensure
the homogeneity of the radar network. All these analyses are
typically performed on a daily basis.

Another important reference for monitoring and calibration
of radar data is the sun. Precious information can be obtained
by examining sun hits such as pointing accuracy [16], antenna
beamwidth [17], and gain offset between the horizontally
and vertically polarized signal receivers [18]. If sun power is
estimated accurately by an independent source [19], also the
receiver absolute gain can be retrieved [20]. At MeteoSwiss,
two different techniques are used to retrieve data from the
sun: The first technique, the so-called sun check, consists
of gathering information of all the sun hits occurring during
regular radar operations, e.g., nominal antenna pointing angles,
receiver noise, radar received sun power, and Zg4, as well as
sun position and power. A Gaussian fit of the data is then
performed over all the sun hits gathered over an arbitrary
time period (typically one to three days). The Gaussian fit
provides all the information mentioned previously plus the
uncertainty of the measurement. The second technique, sun
tracking, implies stopping regular operations and pointing the
radar antenna toward and area covering the sun in order to
obtain the sun pattern. Naturally, this second method is more
accurate, but it has the disadvantage that regular operations
must be stopped, and therefore, it can only be performed when
the radar is not needed for weather surveillance. Uniquely,
since the METEOR 50DX is not used for operational weather
surveillance, we have been able to implement an automatic
sun tracking, which is performed regularly (typically every
30 min), which has proved extremely useful to analyze the
radar receiver performance [21].
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Fig. 2. ¢qp offset obtained in (a) Meiringen on September 09, 2017 at
40° elevation with the multipanel radome, (b) Torny on May 25, 2019 at
30° elevation with the multipanel radome, (c) Meiringen on September 04,
2017 at 40° without radome, and (d) Torny on July 06, 2019 at 30° elevation
with the seamless radome.

III. EFFECTS OF THE ORIGINAL MULTIPANEL RADOME
ON THE POLARIMETRIC VARIABLES

As mentioned in Section I, throughout the years, the radar
has been deployed in ten different sites. In all of them, similar
spatial biases have been observed. For illustration purposes,
data from two of these sites are shown here: Meiringen (lat
46.743358°, lon 8.109657°, alt 579.8 m a.s.l.) right after the
experiment where the radome was removed was completed and
Torny (lat 46.769703°, lon 6.953960°, alt 736.0 m a.s.l.). Data
from Payerne (lat 46.842473°, lon 6.918370°, alt 454.10 m
a.s.l.) are provided as additional material, since it was one of
the sites where the radar had better 360° visibility. Likewise,
data from Meiringen right before the removal of the radome
are also provided as additional material. Meiringen is relevant,
since the measuring experiment without any radome described
in Section IV was conducted, whereas the radar was placed
in Torny when the seamless radome was installed. Figs. 2—4
show the results of the various polarimetric moments’ quality
monitoring. All the data are presented in a similar manner,
i.e., in the form of a density plot of values obtained on a
day with precipitation as a function of azimuth for different
elevations. The black solid line is the median at each azimuth,
while the dashed black lines are the 25th and 75th percentiles,
respectively. The red solid line is the median value over all
the data obtained at that elevation, and the red dashed lines
are the 25th and 75th percentiles.

Fig. 2(a) and (b) clearly shows that the system ¢q, offset
exhibits a sinusoidal azimuthal pattern with three periods. The
figures are for elevations 40° and 30°, but similar patterns can
be observed at all other elevations. The sinusoidal amplitude
may reach 7°-8° and, therefore, is not negligible. The starting
point of each period slightly differs at each elevation due to
the helical shape formed by the metallic unions. Likewise,
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Fig. 3. Similar to Fig. 2 but for Zg, during the birdbath scans obtained in
(a) Meiringen on September 09, 2017 with the multi-panel radome, (b) Torny
on May 25, 2019 with the multi-panel radome, (c) Meiringen on September
04, 2017 without radome, and (d) Torny on July 06, 2019 with the seamless
radome.
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it differs from site to site depending on the radar orientation
respect to north.

Similar sinusoidal patterns can be observed when measuring
the Zg4 bias regardless of the measurement technique used.
Fig. 3(a) and (b) shows the Zg4 biases estimated from the
birdbath scans, while Fig. 4(a) and (b) shows the Zg4 biases
estimated from the measurements in snow at 25° and 23°
elevations, respectively. The spatial variability can be as high
as 0.4-0.5 dB, well above the 0.2-dB uncertainty recom-
mended for quantitative uses. Estimations in moderate rain
(not shown) show similar results. Particularly striking is the
azimuthal pattern shown when pointing at the vertical. This
has serious implications, since such a measurement is widely
used to correct for the system differential gain offset.

Regarding the pj, in rain, the value of its 80th percentile for
a radar with a good quality antenna should be well above 0.99.
With our system, we rarely exceed that value. For example,
measurements obtained on September 9, 2017 in Meiringen
(not shown) resulted in a value of 0.988 and considerable
spatial variation. A low pj, results in noisier data.

Radome effects are also observable in the sun-tracking
measurements. Fig. 5(a) shows the received sun power in
Torny between May 1, 2019 and June 3, 2019, right before
the radome was changed. A daily sinusoidal variation is
clearly observable on the data. The spread (percentile 16%
to percentile 84%) during the period shown is of 0.5 dB.
Likewise, a spread of 0.2 dB is observable for the sun Zg;
(H channel received sun power minus V channel received sun
power, not shown). Scatter plots of the received sun power as
a function of sun azimuth and elevation angles with respect to
the radar (provided as additional material) show that, although
the data are noisy, there is indeed a correlation between the
position of the sun with respect to the radar and the received
sun power. Again, this has serious implications, since using
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Fig. 4. Similar to Fig. 2 but for Zg4 in snow obtained in (a) Meiringen
on September 09, 2017 at 25° elevation with the multi-panel radome,
(b) Torny on May 25, 2019 at 23.5° elevation with the multi-panel radome,
(c) Meiringen on September 04, 2017 at 25° elevation without radome, and
(d) Torny on July 06, 2019 at 23.5° elevation with the seamless radome.

the sun as a reference is deemed the most effective way of
homogenizing the receiver gain of a radar network.

IV. DATA QUALITY WITHOUT RADOME

In the course of a measurement campaign in Meiringen,
Switzerland, the radome was removed for a short period of
time (from September 4 to 7, 2017), allowing to compare the
behavior of the polarimetric echoes of precipitation with and
without radome. The scanning strategy was exactly the same
before, during, and after the radomless experiment. During that
short period, there was one day with significant precipitation
on September 4, 2017. Data from that day can be seen in Figs.
2(c), 3(c), and 4(c). Although the number of samples is
relatively low with respect to other measurements shown in
this letter, the benefit of measuring without radome is clear.
Indeed, the azimuthal variation is not visible any more in any
of the variables considered. Moreover, the pp, in the rain 80th
percentile increased its value to 0.992. Unfortunately, during
the very same period of the radomless experiment, the sun
was particularly active, and therefore, no conclusions could
be drawn on the impact of operating without radome on the
sun measurements.

Those results were convincing enough for MeteoSwiss to
seek alternatives for the radome with the manufacturer. One
of the proposed solutions was to operate without radome, but
we rejected it for mainly two reasons.

1) Without radome, the whole system becomes more vul-
nerable to wind. Moreover, strong winds may result
in a nonuniform antenna-scanning speed and increased
vibrations.

2) The radome plays an important part in keep-
ing a stable system temperature. Large variations
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Fig. 5. Sun power measurements obtained in Torny using the sun-tracking
technique. (a) Data between May 1, 2019 and June 3, 2019 (multipanel
radome). (b) Data between June 27, 2019 and July 25, 2019 (seamless
radome).

in temperature may result in significant variations of the
receiver gain.

V. DATA QUALITY WITH THE NEW SEAMLESS RADOME

On April 3, 2019, the radar was moved to Torny and the
new seamless radome was installed on June 4, 2019. Shortly
thereafter (June 6, 2019), the radar had to be shut down and
moved to another location for mandatory trailer revision (the
system itself remained untouched). The system was back in
operation on the same site (1.7 m apart to be precise) by
June 27, 2019. During the whole campaign in Torny, the scan-
ning strategy remained unchanged. As it is illustrated by the
example in Figs. 2(d), 3(d), and 4(d), the azimuthal pattern
disappeared in all variables. Other examples are provided as
additional material. A systematic analysis of all days with
sufficient data to get an estimate of the Zg4, bias using the
birdbath scan in Torny revealed that the median interquantile
25-75 was reduced from 0.65 to 0.45 dB (see additional
material). In addition, the pp, in the rain 80th percentile
increased to the value of 0.992 obtained when operating
without radome. Perhaps, the most remarkable difference can
be found in the sun power estimated by the sun tracking
[see Fig. 5(b)]. The scattering of the values has been reduced
dramatically, and no clear diurnal cycle is visible. Indeed,
the sun power spread during the period shown was reduced
to a mere 0.15 dB, whereas the spread of the sun Zg was
reduced to just 0.1 dB.

One may argue that the improvement is simply due to
better hydrophobic coating of the new radome. However,
both radomes have the same coating. Moreover, the sinu-
soidal pattern of the bias with the multipanel radome was
observed already back in 2012 when it was purchased (see
additional material), so aging effects can be safely excluded.
Furthermore, the sun measurements are mostly obtained in
dry conditions; therefore, water coating does not play a major
effect in the observed results. Uneven surface coating may still
result in a spatial variability of the biases in some situations
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(strong winds, for example) but what we show here is a
dramatic reduction of systematic effects.

VI. CONCLUSION

This letter illustrated the effects of the radome on the
quality of the polarimetric variables of a mobile X-band
Doppler polarimetric weather radar. It has been shown that
the radome structure has a significant impact on the quality
of the polarimetric variables. Such an impact has to be
considered when evaluating the quality of the measurements.
If the radome panels are placed at preferred orientations
and joined by metallic unions, there will be an increase in
the spatial variability of the polarimetric variables, typically
resulting in sinusoidal-shaped patterns in azimuth. The impact
of the radome structure on the Zg bias and the ¢gp offset
can be partially mitigated by accurately estimating its spatial
variation. However, due to the stochastic nature of the radar
measurements, the correction curves derived will only be able
to account partially for the spatial variability and a higher
level of uncertainty will remain. Other impacts of the radome,
such as the observed decrease in py,, resulting in an increased
noisiness of the data, are much more difficult to correct.

To improve the data quality, one may consider operating
the radar without radome. In such a case though, one must
be careful to operate it in the conditions of wind speed and
temperature that do not disturb the measurements. Such con-
siderations may be simply not possible when 24—7 unattended
measurements are desired.

A better approach is to use seamless radomes. One possi-
bility is to use randomly distributed panels, as it is done for
most modern dual-pol radars. For smaller radars such as those
operating at the X-band, an even better solution may be to use
a monoblock radome. In this letter, data-quality-monitoring
results of an X-band system operated with a seamless radome
have been shown, allowing to conclude that this mode of
operation has similar performance as when operating without
radome.

It must be mentioned that even though a seamless radome
can improve significantly, the radar performance issues remain.
One problem is the rain coating of the radome, which may
result in significant attenuation. Moreover, strong sustained
winds may cause a variable pattern of rain coating resulting
in spatially variable attenuation. Regardless of that, nearby
objects (e.g., lightning rods) may also influence the quality of
the polarimetric variables. For all these reasons, a careful mon-
itoring of the spatial distribution of the polarimetric variables
biases is recommended.
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