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The Structural Characteristics of Precipitation Cases Detected by
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Abstract The GPM (Global Precipitation Measurement) satellite carrying the first Ka- and Ku-band precipitation radar
was launched in February 2014. GPM realized the DPR (Dual-frequency Precipitation Radar) detection following
TRMM’s (Tropical Rainfall Measurement Mission) PR (Precipitation Radar). Based on the four precipitation products
provided by DPR including KaHS (Ka-band high-sensitivity product), KuPR (Ku-band product), KaMS (Ka-band
matched product), and DPR_MS (dual-frequency product), structural features of four selected precipitation cases occurred
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in 2014 are analyzed. The structural differences caused by detecting frequencies, scan modes, and retrieval methods are
then compared and discussed. The results show that the four selected precipitation cases occurred in East China, the
northwestern Pacific, the storm track area, and the United States, respectively. Although the background environment and
precipitation characteristics of the four cases are significantly different, some consistent differences among these products
are revealed by the study of these cases. KaHS presents the highest storm top height, which is 0.1 km higher than that
from KuPR. KaHS shows great advantages in observing precipitations weaker than 0.5 mm h™. However, KaHS
underestimates precipitation intensities larger than 10 mm h™*. KuPR inherits the good performance of TRMM PR for
intense precipitation observations, and presents the largest proportion of precipitation higher than 10 mm h™*. But KuPR
is not suitable for observing precipitations weaker than 0.5 mm h™ due to its operating frequency. KaMS’s near surface
rain rate is similar to that of KaMS except that KaMS omits large number of weak precipitation (limited by the minimum
echo threshold). Thus KaMS is not good at observing both intense and weak precipitation and not appropriate to be used
independently. The precipitation retrieval algorithm of DPR_MS is highly self-governed and performs well in retrieving
both weak and intense precipitations, while DPR_MS’s storm top height strongly relies on KuPR’s with the correlation
coefficient close to 1. In addition, the droplet size distribution retrieved by DPR_MS is most reasonable and can well
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reveal the nonuniformity on the two sides of the typhoon eye wall.
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Fig. 1 Distributions of near surface rain rate for the four selected precipitation cases representing summer monsoon precipitation in East Asia (C1), typhoon
precipitation in the western Pacific Ocean (C2), frontal cyclone precipitation in the warm area within storm track (C3), and squall line precipitation in the
central United States (C4), respectively. KaHS: Ka-band high-sensitivity product; KuPR: Ku-band product; KaMS: Ka-band matched product; DPR_MS:
dual-frequency product. The plot overlaps with 500-hPa geopotential height (units: gpm)
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Fig. 2 Probability distribution functions (PDFs) of near surface rain rate for the four selected precipitation cases
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Fig. 3 Asin Fig. 1, but for distributions of storm top height for the four selected precipitation cases, the plot overlaps with 850-hPa geopotential height (units: gpm)
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Fig. 4 PDFs of storm top height for the four selected precipitation cases
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Fig. 5 Cross sections of typhoon precipitation in the western Pacific Ocean along the 13th footprint of NS (Normal Scan) or the first footprint of MS
(Matched Scan) and HS (High-sensitivity Scan) that passed through the typhoon eye: (a) KaHS reflectivity; (b) KuPR reflectivity; (c) KaMS reflectivity; (d)
the droplet concentration given by DPR_MS; (e) effective droplet radius given by DPR_MS; (f) dual-frequency difference of KuPR and KaMS; (g)
dual-frequency ratio of KuPR to KaMS
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Fig. 6 Distributions of two-dimensional PDF in height and echo reflectivity (Z) for the four selected precipitation cases
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Fig. 7 Asin Fig. 6, but for distributions of two-dimensional PDF in height and droplet concentration (dBNy) for the four selected precipitation cases
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Fig. 8 As in Fig. 6, but for distributions of two-dimensional PDF in height and effective droplet radius (Do) for the four selected precipitation cases



GPM

ilo. 1 ZHANG Aoqi et al. The Structural Characteristics of Precipitation Cases Detected by Dual-Frequency Radar of ... 45
C3 NS 30
9e-h
C2 dBNg NS
GPM DPR NS
DSD KaHS
KuPR
3.3 NS 13 25 5f
3.1 3.2 DPR KuPR DPR_MS
KaHS KaMs 15mmh™
DPR_MS KuPR KaHS 3 Ka
DPR
NS 5i-1 KaHS
DPR_MS KuPR
9 NS 0.1 0.2 km KaMS DPR_MS
1 km KaM$S
9a—d DPR_MS
KuPR KaHS KaM$S 10 KaHS KuPR KaMS$S
KaM$S DPR_MS
'S SN [ S Y S R R
.,.1 9 17 25 33 41 49 M1 9 17 25 33 41 49 .-,\1 9 17 25 33 41 49 M1 17 25 33 41 49
o+ o+ 0+ o+
1 9 17 25 33 41 49 1 9 17 25 33 41 49 1 9 17 25 33 41 49 1 17 25 33 41 49
“To %10 | % Tw D
& 2

0 T T T T T 1 0

9 NS

Fig. 9 Average sample size, near surface rain rate, and storm top height along the footprint of NS for the four selected precipitation cases
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Fig. 10 Scatter plots of near surface rain rate of single-frequency product versus DPR_MS for the four selected precipitation cases. KaHS samples are taken as
the nearest footprints to DPR_MS
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