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Study of GPM Dual-Frequency Radar in Detecting Snow
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Abstract: The Global Precipitation Measurement (GPM) mission core observatory was launched in Febru-
ary 2014, carrying the dual-frequency precipitation radar (DPR). The DPR consists of two radars with mi-
crowave frequencies of Ka and Ku bands. DPR is expected to extend its ability to capture weak rain and
snow in higher latitudes. In order to evaluate the ability of DPR in snow detection, four cases are ana-
lyzed. As a result, particle phase products of DPR are consistence with the actual weather condition and
the temperature of solid snow is lower than —0. 5C. What’s more, the heights of most storm tops are
lower than 6 km. By comparison, actual Ku-band radar detectability turns out to outperform the Ka band
radar in identifying the existence of snow because of an obvious improvement of sensitivity. KaMS and
KaHS are also useful. In order to improve snow retrieval, the attenuation correction of snow is very im-
portant, especially for wet snow.
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Table 1 Basic information of snow case

HliE 5198 5592 9840
H/4-H-H 2015-1-27 2015-1-29 2015-2-22 2015-11-22
F2 B X LA AL LR P A AN | N N i S L il [ I T [ A
HiA7 S 5111~5210 2741~2840 3151~3250 4881~4980

+., 84 2A. GPM. Ku. V5, 2A. GPM. Ka. V5,
2A. GPM. DPR. V5 il 2A-ENV. GPM. DPR. V5
(GPM,2015),

2A. GPM. Ku g 192 Ku B ik il & 45
R —FHMATAE 49 M AE. 2A. GPM. Ka id 3¢
02 Ka BB ik #9525 251, A 49 DA E . H
B LT PR A T, — b2 AR R AR A Ka-
MS(matched scan) , ZAE A0 25 AN &, IE -1

Ku BBUHRIAS 13 25 37 A A A RORAH LT . 75
Ah—Fh 2 B R HUE L KaHShigh-sensitivity) , 3%
B 24 R AT Ka BB i ik m 2
HERE. 2A. GPM. DPR 45 T fif A Ku 1 Ka
e B & ok py W& &5 R, A1 2A0 GPM. Ku Al
2A. GPM. Kaly A [F) Z &b 72 T 1if 4 £ 4] 1 BUS IR
SRR e A U U M S A7
2A-ENV. GPM. DPR EH5 2800 Ok B T H A
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Table 2 Phase of snow case

LIRiERE 5198 5223 5592 9840
HTME MEMRE BE  HSMREAS WS
BARE .S ] ] %

R AH SRR T i B 2 (8] A7 76— %E 1 6 & e
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Fig. 1 Near surface phase (a) and near surface rain rate (b) observed by DPR
(The data path is 2A. GPM. DPR. V5-20140827. 20150129-S080721-E093954. 005223.
V03B. HDF5/MS/SLV/phaseNearSurface and 2A. GPM. DPR. V5-20140827. 20150129-
S080721-E093954. 005223. VO3B. HDF5/MS/SLV/precipRateNearSurface)

#3 Kufl Ka FERBEEHRMALER (LA 1)
Table 3 Identification results of snow observed
by Ku and Ka band radar

BB KaMS KaHS Ku
5198 18 251 465
5223 0 76 849
5592 87 215 555
9840 10 143 474

RGN B S a5 B VIO . B XU DR T g B
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SR 2A. GPM. Ku. V5 1 2A. GPM. Ka. V5 H11)
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Fig. 2 The normalized histogram of HST

in three scan models
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Fig. 3 The normalized histogram of radar

reflectivity factor in three scan models

A R U A DG A (ELR B T X e XU TR
R T Ku B

2.3 BR

Weg =5 1] 95 A0 o 9 [0 9 — A E AR R R A

— T ) T Ul R B PR AR — AR R
LR YR LS 2 RS K = KoK KR

ARSI A ALY T DR A — R R T AR B Y
o TR AN ) 2 B S U 1 KN AT DL R IS T
T I A B — i A

Bl da F1 4b 43512 BUE 58 5592 11 B 25 A i)
H KaMS F1 Ku 49 #8505 09 8% 42 B0 2 0 4 A
B, {8 7 B 2A. GPML Ku. V5 DL K&
2A. GPM. Ka. V5 i1 piaNP Fll piaFinal, BEAEL Ky
WA I ] R0 3 B 5 g 4 3 85 A BRI,

P18 208 V%A I8 2T o (H R 38 2l e BE R KL O HLAZ IR L
T 5 PR A58 S 50000 5 W) A 1 B I R T K PR A
R B N R PR I . DU A G e TG R R
Ka I B vk K 3 8 i B K AB /N F 0. 35 dB, Ku % Bt
VKK BEP I B KAE/N T 0,09 dB. = HR A K 10 5
Ul A5 AE DU A AR B S B A Y U e K B TR R
14 3 0 AR R DR SR AR /N AR AT A — 2 1 i 3l i
BE IR = IR A K B AR A A — B0, f b nl L, 7
A5 B 5 4 i S Bl 3 T I S AR L B R KR DR &
KK & B S LR E T IEAEX 25 5 K
SRR SO IS IR BE S B0 A TSN AT DA
ST A ERAE R IR R R AR S S BT A Y
TTIE o R 525 1) 3 Ul A L o 8 25 170 3 0l 1 % 5 1Y)
P H LA SR LK. B, T IE R
MERE i K. TRk R I A 5 38— R N 2 AR K BT
DL RS Rk L B /N FES 592 1 i) F b L Kail Bt

1.4 ; :
@ — bk
1.2t Jj?j; g
TR
g1.0 %n%a&
> W e
Z05
mw
So6f
=
$o.4
% .
0.2 WW/\/W\/‘\’W i
0 10 20 30 40 50 60 70 80 90
’|‘ éfﬂz
0.35 ;
o3l ® —— e
e Jkﬂ(wﬁz
T KU
Soxs| AL
&= — [EE R
® 0.2
§§0.15
% 0.1
0.05 1
WW
0 L L L L L L L L
0 10 20 30 40 50 60 70 80 90
A~

B 4 KaMS(a) Fl Ku(b) 3 B 19 B 12 T3 209,

Fig.4 Path-integrated attenuation of
KaMS (a) and Ku band (b)



5% 33

B BA . GPM BUM [ /K ) i 2 1k i [ G 0 BE 4 353

10 05 R R I KT 1 B, Ku 3 BE A £ K 38 0k 3 i
RTF 0.3 dB. 3 HIFE T A ZE AR L 2R Z

TERES YRR IE B A A R
7 T8 — [ 5 3 Y el DR R B U5 Bl L L
BRI AT IE s ITIEA 2 #R2 B R W B Y
R BE & I S — A SR AH 250 5 207 2R [ 2 T » 1R Ay
RS RS Y 28802 L 18 25 T 5 A S oR 15 2. A
PEXR T A ITIEMERE R . R S R 08T
TE B HER (Y R B T - A RE AR AT o RS R 1Y e 5 s i
.

3 &

(D FEEJE T EAFEK—F 4% DPR (14
AT DX S AT X 53, 4 IRFE A 1) 25 41
F W DPR B AHZS 7= fh M2 bR f RS /2 i)
4 -8 GPM DPR #f 52 H A B M W 6E 1. kL
FAR AR B AT O R B T S AR E AT
—0. 5 CHYBLE LS 1R A 2 RN 45 DORLBE 1) ff B I
ARME X 43 W AL B4l DL 0 C A S WY 25 10 4 9 SRR L AR
Al REAE R RN R A FESS . PR, anfer & B4 A DPR
PR AH 257 i R B 5 T IR 55 T IAE R oA ok 1 — > 1F
FI7 1.

(2) # Ku.KaMS LI K KaHS = Ff 47 $ 155 5%
T Ku GBS H B E BA$0R 2, ik J& KaHS,
B o e KaMS, X2 T g B2 i 0 32 40 A [ 6 B, Ka-
MS B0 3 b4 2 B J2 3 km DLTF A4 AL
Z& T, T AT 3 km DA B U T A% R0 A 4 Ka il
KaHS., #4h.Ku fil KaHS ¥ & 019 il 28 izt .
AR Z b 72 F Kua W80 210 A% X2 T L i s F
KaHS, 1 i 21 &5 X2 0 ) 3hF KaHS, il
I B XU T B 3k S R B J5 & B, Ku, KaMS
P e KaHS 535 9 2 W 1Y 5 /DA 50 3
12.65,17.86 #1 12. 07 dBz, F 8] Ku B F ik &
JINET R I 1) B Ak R T R AR I KaHS /5 R
FERL T S /N BT R I A 7R Gk R BRI P A Y
I Ko 9 B 28 5B 19 R i 2 7+ n - A s A #8805 AT
B A BN 5% ), B AR Kou 7 B % 35 5800 19 25 5 Rg
75 .

(3) M= I AEIK = koK KR VR
Q% 5 S RS e R I S R e ) T8 B R R PR O L R
R 5 B 40 1 s i A8 A ) R A B AR . B, 7R
TEUR T IE A AR L T AT O B AR A i R e

HERABEENAMITIE,

25 L iR . GPM DPR *f [ 25 B A #5047 i 38 0
fiE 7191 H Ku ¥ B AE B35 BRI L 1 255 45 66 7 4
B2 KaMS F1 KaHS 1 A 55 & B0 5. 7852 br
ORI b, AT DL 2 A T SR 1R R A A E I B
X GPM LI % ek 0 52 B 1o FH K 7 S 2 B BF 5% o F
— I,

&%k

BB WS L U AR A L 45, 2014, CMORPH fil TRMM 3B42 [ /K fly
PR R ()], K4, 40(11) 1 1372-1379

B4R 5 A, LA L 2015, 6 Ff TLAE Fa K 7= b 7 o I X3 RS B8
AEIPAGLT . 4. 41(8) :970-979.

B = IR A L2011, TRMM B R 7 3842 5 & o Vs 7
o R BB F L AR BT LD . 42 4379 £ 1081-1090.

Hou A Y, Skofronick-Jackson G, Kummerow C D, et al, 2008.
Global precipitation measurement: advances in measurement,
estimation and prediction[ M]. Berlin: Springer Berlin Heidel-
berg, 131-169.

Hou A Y, R K Kakar, S Neeck, et al, 2014, The Global Precipita-
tion Measurement (GPM) mission[J]. Bull Amer Meteor Soc,
95(5):701-722.

Furuhama Y, Oki R, Iguchi T, et al, 2002. Precipitation observa-
tion from space in the next generation: the global precipitation
mission[ R]. URSI-F Open Symposium, Garmisch-Partenkirch-
en, February 12-15.

GPM ATBD, 2015. Global Precipitation Measurement algorithm
theoretical basis documents[Z].

GPM, 2013. Precipitation measurement missions. Global Precipita-
tion Measurement Program [ EB/OL]. NASA. http: // gpm.
nasa. gov.

GPM, 2015. Precipitation Processing System Global Precipitation
Measurement[ Z].

Iguchi T, Oki R, Smith E, et al, 2002. Global Precipitation Meas-
urement program and the development of dual frequency precipi-
tation radar[J]. J Commu Res Lab, 49(2);37-45.

Kobayashi S, Ota Y, Harada Y, et al, 2015. The JRA-55 reanalys-
is: General specifications and basic characteristics[J]. ] Meteor
Soc Japan, 93(1):5-48.

Kummerow C, Barnes W, Kozu T, et al, 1998. The Tropical Rain-
fall Measuring Mission (TRMM) sensor package[ J]. ] Atmos
Ocean Tech, 15(3):809-816.

L’Ecuyer T S, Stephens G L, 2002. An estimation-based precipita-
tion retrieval algorithm for attenuating radars[J]. J Appl Mete-
or, 41(3):272-285.

Toyoshima K, Masunaga H, Furuzawa F A, 2015. Early evaluation
of Ku- and Ka-band sensitivities for the global precipitation
measurement ( GPM ) Dual-Frequency Precipitation Radar

(DPRY[J]. SOLA, 11:14-17.



