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Introduction

Ground based Kaband (33 GHZz) cloud radar measurements collected at the Southern Great Plains
(SGP) Cloud and Radiation Testbed (CART) ste show that liquid cloud measurements are often
contaminated by insect echoes during warm weether. Depolarization is one method of identifying and
filtering insects from radar data. However, this technique often fails because the high number dengty of
insects in the lower atmosphere overwhelm and mask the weaker cloud echos. It isimpossible to tell
whether clouds are present or not in such circumstances. Comparisons of measurements from Ka band
and W-band (95 GHz) radars with gpproximately equal sengtivity to clouds show that W-band is
sgnificantly less sengtive to insects.

Until now, only quditative comparisons have been made between Ka band and W-band insect scattering
data. Thisabstract presents asmplified modd of insect scattering differences based on Mie theory that
explains the observed differencesin sengtivity to insects. These results are corroborated with observa-
tions made during the 2000 Cloud Intensive Operational Period (10P), where smultaneous Ka band and
W-band observations of clouds and insects were collected with the University of Massachusetts, Cloud
Profiling Radar System (CPRS). CPRS operates smultaneoudy at 33.12 GHz and 94.92 GHz through a
sgngle antenna

Theory
Fgures 1 and 2 plot atheoreticad model showing 33 GHz and 95 GHz back- scattering, and radar reflec-
tivity differencesfor insects. Figure 2 plots the dua waveength ratio (DWR), which is ameasure of
reflectivity differences at 33 GHz and 95 GHz. DWR isdefined as:

DWR =10log (Zka/Zy)

The insect DWR modd is derived from a Mie mode, shown in the following section, of backscatter
from water spheres There is excellent agreement between theory and measurements despite the fact that
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Figure 1. Mie scattering from spheres.
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Figure 2. DWR model of insects.

insects are not spherical and despite the fact that the insect didectric congtant is variable. Although
insect orientation and shape vary with time (wings beeting, etc.), it is assumed that the average shape
projected is that of a phere. Furthermore, while reflectivity isafunction of dielectric congtant, previous
sudies have shown that the ratio of 33 GHz and 95 GHz reflectivity isinsendtive to didectric congants.
Thus, themodd in Figure 2 predicts that frequency normalized backscatter from a distribution of insects
will be 20 - 25 dB higher at Kaband than at W-band.
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Observations

The case study presented here quantifies the reflectivity distribution of insect echos at both radar bands.
Figures 3 and 4 plot 33 GHz and 95 GHz reflectivity data at the SGP CART ste March 12, 2000.
Comparison of these figures show that the W-band response to insectsis consistently lower than that at
Kaband. Thelower portion of the images show the insect sgnd while acloud is present a higher
dtitudes. Here thereisaclear separation between cloud and insect targets.

Comparison of cloud data shows that the sengtivity of each radar band to cloudsis nearly identicd. In
contrast, comparison of the insect data shows that

- fewer insects are detected at W-band.

- the magnitude of the W-band reflectivity for insects is gpproximately 2 orders of magnitude (20 dB)
lower than that at K a-band.

1 dBze

Figure 4. W-band reflectivity measurements.
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Three-dimensona histograms plotted in Figures 5 and 6 show the digtribution of radar reflectivity
versus height. 33 GHz data plotted in Figure 5, show smilar cloud reflectivity vaues, which decreases
inintengty and occurrence with height at about the surface. However, the reflectivity values and the
number of occurrences of insects are both dramaticaly lower a 95 GHz.

DWR has been used to estimate particle Sze in precipitation and in ice clouds from nonRayleigh scat-
tering. It has aso been used to estimate liquid water content in stratus clouds. Both the mode plotted in
Figure 2 and data presented below show anarrow range of DWR for insects. Figure 8 showsthat DWR
is constrained between 18 dB and 25 dB, which agrees with Figure 2 for insects with dimengons larger
than 0.5mm. Although, only one case study is presented here, the 18 dB - 25 dB range is quite conss-
tent. A previous example of insect measurements published (Sekelsky and Mclntosh 1996) shows the
same range of vaues of DWR for insects.

Reflectivity Histograms

Figure 5. Ka-band (33 Ghz). Figure 6. W-band(95 Ghz).

Conclusion

W-band is sgnificantly less sengtive to insects than Kaband. Thisis consggtent in the measurements
and can be explained by Mietheory. The consstency of these values and the ability of W-band to
discriminate between clouds and insects on an operationa basis will be demongtrated in a 2001 field
campaign at the SGP CART dite.
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Figure 7. DWR. Figure 8. Histogram.
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