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Attenuation Correction of Reflectivity for X-Band Dual-Polarization Radar
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Abstract Strong attenuation in rain affects the detection accuracy and application of the X-band radar. This paper
aims to seek a method of attenuation correction for X-band dual-polarization radar in precipitation. Before correc-
tion, the radar data are pre-processed with quality control; after analyzing all the methods from the past works, an
attenuation correction algorithm is developed which is based on the self-consistent method with constraints; finally
some validation methods are studied. Some comparisons are made between the corrected composite reflectivity of the
X-band radar and a nearby S-band radar observed at the same time; moreover, the corrected relationships between
Kpp vs. Zy and Ay vs. Zy are also similar to the theoretical values predicted by scattering simulation. In addition,
the authors also compare the corrected reflectivity with the surface rain-gauge observations. The analysis results in-
dicate that the corrected reflectivity is more significant than the uncorrected one; specially for the larger area of rain-
fall (including convective rainfall) using the above attenuation correction algorithm for X-band radar, rainfall

amounts can be estimated with higher accuracy.
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Fig. 6 Comparison results of probability of radar reflectivity in
the northeast of Tongzhou, Beijing (12 kmX 12 km): (a) Un-
corrected Zy of X-band radar; (b) Corrected Zy of X-band ra-

dar; (¢) Zy of S-band radar observed at the same time

0.20
z o1sl@ Zntean=27-092
;g 0.10
g 0‘0(5)

15 20 25 30 35 40 45
z 8?(5) (b) Zyten=33-8718
;g 0.10
£ 005

0 4_ —

15 20 25 30 35 40 45

0.20

z 015l © Znren=34.248
g 010
S 0.05
= . -

15 20 25 30 35 40 45

Reflectivity/dBZ
K7 [6E 6, (H AP 12 km X 12 km XI5, 2 km~4 km
29
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e B/ km 0.5~5 1~2 2~4 2.5~3.5 3.5~4.5 2~4 3~4 4~5

X W BOTIERTG M S P BrNAS i SR 3408, B
EIE Y, XPEEEALE 40 dBZ LLR 55 % X, X
BB R REITEEA RS, HYS S I
Tk HARZE 1 dBZ 24y s s K, X BT IR
J& RUBHRAEMGE o R . AN i R A (E
ITIERT M 35. 39 dBZ, ITIEJG 4 46. 92 dBZ (HiT
IERGm 11,52 dBZ), 5 S i B E i T ME
42. 44 dBZ EHET, HEXEH 4. 48 dB, X ]
X, X PBCH R ITIERT M 20. 80 dBZ, ITIEJE
iK% 45. 98 dBZ (&5t 25.18dB2) . H4EiE S B
B R RAE, s 3. 43 dB,
5.2 {RIRSEEESHT

R TR T IE R ROCR . A T
X {BZ&ITJ—_E%E H"J KI)PNZII %I] AIINZII ZIETJ E’(JjFﬁ[
RERRE . BB REIRE . 7E 30°~90° Y [H]
WXTIPERE I A, A E R IX ;s 78 90"~
T40°VE N » e 6] E—FF W AR 5 — a7 B — > o
SR RSHRE T 40 ABZ, RIHAS SOR 3% UK Ff K
T ARG RS DRI % AT — T s G g 5 0t
TPERE RO T A0 T IE R O

TESS0T LR R T DX, A Gk 507 i £y 307 ~
90°, Ak 37, 4R EE, BRES X B R A 30~
75 km Y B N RO . B 9a. b 43l X B R IA
MARITIERT G 1 Kop ~ Zu BHECS B, B S22l
Park et al. (2005a) 3 i3 #C B0 2 7 1 56 R 5K
(Kpp=aZp) fEH B, BB 9a B, 1T IERTHCR B
RHL, U RAE A E 20~50 dBZ 247, Kipdd
AAE 0~4°/km, fRMEL Park {48 i 28 A1 L 555
TR HOS R 20 A 130 7 3ok 22 4k, &1 9b
FELAE T IE G RO EI G320, AT B R
'L'Hv 1TEE Kpp~Zy EI’\JTE{%EHEI%%E Park EHE]?)%%ZIK
EA, BTIEE B 5 Park BRI 45 5 40
M—2, B 9c. d B HINITIERTG An~Zu WIHEUS
K, Horp sk & Park il i SO RALA X Ay =aZi,
B2, B4R W ITIE G MBS B ok i i

o [FEH, ITEERG LS Park pyRL L
AT, MITIERTRRZR K. B, 895 mPERE
GO, ITIEJG 5 Park (U 345 LA
— X s M — AR R T IR AT IE A
Rk .

P10 25 H i) L o] AR 7 — s ik X 2k
WX CFfiff 90°~140°, {iiff. 3°. 4°, 5 X p B
IR 30~75 km) SURIRSEL Kop~Zu Fl Au~Zy
Z RIS, FIGRR X —F, B2 5 Park et
al. (2005a) 3 3 B A AUAAS 3] B 45 SR MO L, R4
AILVE G, ITIEGREGTIERT U AR MGE . g
R TESRXT IR S ST s IT IERCR 35S
PR E L 25 —28, X A] fRSE AR s e X, =
WAL LLRC PR, DR F EAR K, Ja B AH
O A SERBFNIEBR YRR . SR T IERCR 1 i —
LR,

5.3 iEpPEMER

h T 2P RE X BRI RITIERCR . A3
FELBE b A T IR VT IE F S B S5 38 55 1 T S0 1)
FEFmI TR, FR k4 X B iR ik Jr fin 30°~150°7E
B A A HIL X

WA ) B SR FA B[] 2 2009 4F 6 H 8 H
08:00:01~08:11:46, KLFIHHEE R 6°/s, HIAT
M 114y A5 FP, ARKBET LR B VR AR 5
BT RG2S N . ITIERT G TR 4] & %
S B 11 fir R, 7R TR 8 S AR X 30° ~
150%, 10~30 km [N, HIFRIRIE SR, 4347
HHZ PPLE, REEZW . 75 30~100 km 4,
SRR IR TONFE R Ines . B 12 25 HAE X 1 )
12 43%h Py (08:00:00~08:12:00) AR, 1F
TTIERT . ZEMSCARER . P43 DX FI 3 2 DX 3 B S 3R (H
BN, G3iTIE G . RARGE] 7 ik, k58] 1
30~40 dBZ, 1A= DX I PN 1) 5 W 95 R 7R, X 2R IX
W) 12 B R A 7E 1~5 mm 245, TR M
K. RAHRAmsRE] 35~45 dBZ, %Xk



02

P

Chinese Journal of Atmospheric Sciences

36 &
Vol. 36

Ay/dB -km™!

Ay/dB -km™!

Kpp/(®) -km™

4.0
3.5

10 . " " " ; 10
—— Park (a) — Park (b)
8 (a=9.89x10™ b=0.678) 8 (a=9.89x10™ b=0.678) |
———1AP-Radar
] 6 (a=7.298x10™ b=0.7013) ]

70
Uncorrected Z,/dBZ
| — Park (©] 351 —Park (d)]
(a=1.367x10" b=0.78) ’ (a=1.367x10" b=0.78)
307 ___jAP-Radar 1
25 (a=1.556x10" b=0.753) 1

Uncorrected Z,/dBZ

Ay/dB -km™!

Corrected Z;/dBZ

PO 335 0 o 1 0 i A 2 B R A

Fig. 9  Scatter plots of Kpp vs. Zy and Ay vs.

—— Park (a)
(a=9.89x10" b=0.678)

Uncorrected Z;/dBZ

—— Park (©)]
(a=1.367x10" b=0.78)

Uncorrected Z,/dBZ

P10 3 P XSO Al R 2 B 11 3 A7

Zy in the weak convective rain area

10
— Park (b)
(a=9.89x10™ b=0.678)
81 ——— JAP-Radar ]
ge (2=3.97x10 b=0.7468) _
= ¥
=
a
>4
Corrected Z;/dBZ
4.0
35 — Park (@]
) (a=1.367x10" b=0.78)
_ 301 ———1AP-Radar ]
E 25 (a=4.676x10™ b=0.6685) 1
m
=
I
o]

Corrected Z;/dBZ

Fig. 10 Scatter plots of Kpp vs. Zi and Ay vs. Zp in the strong convective rain area

FRHAE] 1. 5~5 mm, B2, ZadiTIEE ) X Bt
B B R 3 5 M TR R A A A B

T E ML T RITIE RS ST AR S M AT R
RIS o MR A R A 328 HOTL A i o



34 BEOKCIE A X BOW S i IR TR T 5 S R A S8 T IE

No. 3

BI Yongheng et al. Attenuation Correction of Reflectivity for X-Band Dual-Polarization Radar 503

dBZ

0.00

10.00
20.00
30.00
40.00
50.00
60.00
70.00

B 11 ITIERGE #ak A RO IE (2009 4 6 A 8 H 08:00~08:12 BJT)
Fig. 11  Composite reflectivity of X-band radar before correction (left) and after correction (right) during 0800 - 0812 BJT 8 Jun 2009

o mm
41.0°N 10
40.8°N >

2
40.6°N 1.5
40.4°N 10
0.7
40.2°N 0.5
40.0°N | e
S 0.3
39.8°N fag » - 0.2
Y
39.6°N | 2
0
39.4°N

115.6°E 116°E

116.4°E

116.8°E 117.2°E 117.6°E

B 12 Hup AR R (2009 4E 6 H 8 H 08:00~08:12 BIT)
Fig. 12 Rainfall distribution from surface rain-gauge observation during 0800 - 0812 BJ T 8 Jun 2009

OrMTizt i B AT TIE AR B IR RO RN AR . 2
v R ATEANE 12 FroR . ITIERTS RO R E A 13
i s XRS5 5 R HLHES I o 8 ik
AT I o 1A 13 SRR bR 28 2o 1 B AR A
IR B ARAERN . JLR R L I B R IT IERT
SRR, AL ARACTR ISR A, AR
X LEE S TSR (. FRATTRT LUA 2, BB TR Ik
(BRSSO RO, B H . SR ITIERT
Je R ZE AR o T IE i S A E -5 3 T 1 588 23 A 47
TERGS M —2Pk . o T RARH TR IT IE ACR

FATHIVT IE R ) 3 AR GRS 1 LA 1 30t P
5, AT SIEIMEE KGR EEAEXT . A0l 14 Frw, s
HEZR (R) iy 1T S 000 R 55 o R 2 AN SE R 03 90 R 3T
TE A A ST R A S A R 9, SR AN : R
=0. 02462 X 10> (HH R {547 & mm/h, Zy
BN dBZ) s A ORBRATTR A T R i AL
L DX A S PR R, AUE A B IE S AT
DY R WY /N W D i P (S Ly
b VT IE i B 25 S 1Y TR 98 LU 7T I i 4%
TS A LI R 5, HE— P RRE T X —ITIETT A



P 36 &

504 Chinese Journal of Atmospheric Sciences

Vol. 36

50 . . . . . . 10
45t
40}
35t
30.
5%,
20
154
10t
st

Z/dBZ

0 \ \ \ , , \ 0
A1560 A1555 Al1563 A1657 Al1503 A1655 Al1504 A1663
Station

13 phfeul el FITIERE F ik R A S MR (2009 4£ 6 J
8 H 08:00~08:12)

Fig. 13 Corrected and uncorrected radar reflectivity (Z¢s Zy)
and observed rainfall rate at selected rain gauge stations (0800~

0812 BJT 8 Jun 2009)

10 . . . .
of ——R(z)  R=0.02462x10°"7%n
8t =R (Zuc)
—*-R
Va3
= o
£ s}
£
K 4
3t e
2
N ]
1 YW — = A \x/ - =~ ~

0 . N . N .
A1560 A1555 Al1563 A1657 A1503 Al1655 A1504 A1663
Station

P14 BePe sl BT IR AT S T 35 52 0 5 S D R R X L
(2009 4E 6 H 8 H 08:00~08:12)

Fig. 14 Comparison of rain gauge-observed (R) and retrieved
(R(Z.)s R(Z,)) rainfall rates at selected rain-gauge stations
(0800-0812 BJT 8 Jun 2009)

RO .
6 ING

ARSCEZG X BOOU 4% T 25 S5 4R S ek
VIR R0 5k s Tk 2 G BB s A g8 an s

(D) FTIERTHOR Tl A B . AR SCRH o 425 il
AL BET AR, iz FGE FIR B8 ¥ THER T @
NGRS L Y5 I ) UM ARG o RS, SR 3] T 2250
TEREAHRS Dop () F-IEALHE,

(2) ITIETT ¥ AU B 3 N 29 R0
SPRIEATIEI T IE . X R I ik R T s PR A B
AR T WM. BFER. BESHENE
Wi, X FaE— AR o H, HEIZEWN X Ay 3 EH
O (raa) s i D (roa) FE KM Do (1) AL,
DI i/ ME R AR ASWT R 5245 21 4 — i
TR IE MR E R P17 Zu MEWGTIE,
TR R SO T Ot R, IR B R R IT
iE.

(3) BT IE 7 B B IE -

@ ¥ X i BB i B 3k 1T IE A 5 R B S
W B TR A S R TRTE , FHIT IR S A S R
5 S W BRI B R B0 X LT S
E DX ST S R A A AR (E R B, 1T IR 5 1Y
XU BB B S R AR S AT AR RBE Y 5 S Y B e
INA B — B0 s SO RAE 40 dBZ DIF, X
BURAM S BRI IA 2, R2E7E 1 dB A4,
fHAE 40 dBZ Dk b, ITIE(E L S BBt F kw2~
1 dB,

@ SHTITIERTG X P BOMR AR R A S5 Ko~
Zu N Au~Zy ZEESE, FEAITIEREW
Kop~Zy Fl Au~Zu SR B, 1T1IE)E
PRI R T IR 1 5 i S 50 m 2235 A 3 — 3K
PEFGF, I HASCHLA 45 9% 30 i SO A0S 31 /)
SERIEAR 12— 30 . AR T AN R 2SI ) B R X
BRI, 55X I A R Y DT IE A B I A R
Iy,

Q@ 5 b 7 S R W PERFIEAT XS L s 3BTRS L X
P BCR IR VT IEF S SR 28 53 A 5 1 i S52300 oe w  Af
J& s RBITIEGBATIERT, JCiefERE R Va4
AR b, PE I — BT 2, WU Ti%IT
EJ5 B A R

MR A AR SCRT A 1 AL BT OE
T XUk Bt i T T A 000 A 7K v ) 5 e U ) A T
DA S B S (R B

SZ 3wk (References)

Anagnostou E N, Grecu M, Anagnostou M N. 2006. X-band polar-
imetric radar rainfall measurements in keys area microphysics pro-
ject [J]. J. Atmos. Sci., 63 (1), 187 - 203.

Bringi V N, Chandrasekar V, Balakrishnan N, et al. 1990. An ex-
amination of propagation effects in rainfall on radar measurements

at microwave frequencies [ J]. J. Atmos. Oceanic Technol., 7



34 BEOKAE AT X OO e TR o 1K S R I I T IE

No. 3

BI Yongheng et al. Attenuation Correction of Reflectivity for X-Band Dual-Polarization Radar

a1
(@]
al

(6): 829 - 840.

Bringi V' N, Keenan T D, Chandrasekar V. 2001. Correcting C-
band radar reflectivity and differential reflectivity data for rain at-
tenuation; a self-consistent method with constraints [J]. IEEE
Transactions on Geoscience and Remote Sensing, 39 (9): 1906 -
1915.

Carey L. D, Rutledge S A, Ahijevych D A, et al. 2000. Correcting
propagation effects in C-band polarimetric radar observations of
tropical convection using differential propagation phase [J]. J.
Appl. Meteor., 39 (9): 1405 - 1433.

Chandrasekar V, Lim S, Gorgucci E. 2006. Simulation of X-band
rainfall observations from S-band radar data [J]. J. Atmos. Oce-
anic Technol., 23 (9): 1195 -1205.

Delrieu G, Andrieu H, Creutin J D. 2000. Quantification of path-
integrated attenuation for X- and C-band weather radar systems
operating in Mediterranean heavy rainfall [J]. J. Appl. Meteor.,
39 (6): 840 - 850.

BB, ke XUHRIE. % 2002, BRI BL (X/Ka) EHshH
BB BARGE IV 59 [T, B, 6 (1) 289-293.
Duan Shu, Zhang Ling, Liu Jinli, et al. 2009. Development of an
active and passive dual-wavelength (X/Ka) dual-polarization re-
mote sensing system and its preliminary test [J]. Journal of Re-
mote Sensing (in Chinese), 6 (4): 289 —293.

Gorgucci E, Chandrasekar V. 2005. Evaluation of attenuation cor-
rection methodology for dual-polarization radars: application to X-
band systems [J]. J. Atmos. Oceanic Technol., 22 (8); 1195 -
1206.

Gorgucci E, Chandrasekar V, Baldini .. 2006. Correction of X-
band radar observation for propagation effects based on the self-
consistency principle [J]. J. Atmos. Oceanic Technol., 23 (12):
1668 - 1681.

fA[ 5. 2009, FKBEPPRL T XA AL T 355 0] FE R R 1 23 B
SR HWEE (D] A EREBER S BT T 2 iR S
80pp. He Yuxiang. 2003. Dual-polarization Radar Backscattering
and Attenuation Characteristic of Hydrometeor Analysis and Ap-
plication Research [D]. Ph. D. dissertation (in Chinese), Insti-
tute of Atmospheric Physics, Chinese Academy of Sciences,
80PP.

TR, Bakfs, B, 2. 2009, X JEEBXUERMAL Tk 2 3 R0
WATIE [J]. KSR, 33 (5); 1027 -1037. He Yuxiang, Li
Daren, Xiao Hui, et al. 2009. Attenuation correction of reflec-
tivity for X-band dual polarization radar [ J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 33 (5): 1027 - 1037.

Hitschfeld W, Bordan J. 1954. Errors inherent in the radar meas-
urement of rainfall at attenuating wavelengths [J]. J. Atmos.

Sci., 11 (1): 58— 67.

HHRERE. XIBE, #3E0. 2008. X I B LR i 9k 75 35 R ) 2801 T
TEJ7 %t b B IR Bk A 2 w5 L], KR %4k, 66 (2):
251 - 261. Hu Zhiqun, Liu Liping, Chu Rongzhong. 2008.
Comparison of different attenuation correction methods and their
effects on estimated rainfall using X-band dual linear polarimetric
radar [J]. Acta Meteorologica Sinica (in Chinese), 66 (2); 251 —
261.

Hubbert J, Bringi V- N. 1995. An iterative filtering technique for
the analysis of copolar differential phase and dual-frequency radar
measurements [ J]. J. Atmos. Oceanic Technol., 12 (3); 643 -
648.

Hubbert J, Chandrasekar V, Bringi V N, et al. 1993. Processing
and interpretation of coherent dual-polarized radar measurements
[JJ. J. Atmos. Oceanic Technol., 10 (2); 155 - 164,

Jameson A R. 1992. The effect of temperature on attenuation-cor-
rection schemes in rain using polarization propagation differential
phase shift [J]. J. Appl. Meteor., 31 (9): 1106 - 1118.

Le Bouar E, Testud J, Keenan T D, et al. 2001. Validation of the
rain profiling algorithm “ZPHI” from the C-band polarimetric
weather radar in Darwin [J]. J. Atmos. Oceanic Technol., 18
(11): 1819 -1837.

Matrosov S'Y, Cifelli R, Kennedy P C, et al. 2006. A comparative
study of rainfall retrievals based on specific differential phase
shifts at X- and S-band radar frequencies [ J]. J. Atmos. Oceanic
Technol., 23 (7). 952 -963.

Park S G, Bringi V N, Chandrasekar V, et al. 2005a. Correction of
radar reflectivity and differential reflectivity for rain attenuation
at X band. Part 1. Theoretical and empirical basis [J]. J. At-
mos. Oceanic Technol., 22 (11): 1621 - 1632.

Park S G, Maki M, Iwanami K, et al. 2005b. Correction of radar
reflectivity and differential reflectivity for rain attenuation at X
band. Part II;: Evaluation and application [J]. J. Atmos. Ocean-
ic Technol., 22 (11). 1633 - 1655.

Ryzhkov A, Zrni¢ D S. 1995. Precipitation and attenuation meas-
urements at a 10-cm wavelength [J]. J. Appl. Meteor., 34 (10):
2121 -2134.

Smyth T J, Illingworth A J. 1998. Correction for attenuation of ra-
dar reflectivity using polarization data [ J]. Quart. J. Roy. Mete-
or. Soc., 124 (551). 2393 - 2415.

Testud J, Le Bouar E, Obligis E, et al. 2000. The rain profiling al-
gorithm applied to polarimetric weather radar [J]. J. Atmos. O-
ceanic Technol., 17 (3). 332 - 356.

Zmi¢ D' S, Ryzhkov A. 1996. Advantages of rain measurements u-
sing specific differential phase [J]. J. Atmos. Oceanic Technol.,
13 (2): 454 - 464.



. I = 36 4
506 Chinese Journal of Atmospheric Sciences Vol. 36

dBZ dBZ
0.00 0.00
10.00 10.00
20.00 20.00
30.00 30.00
40.00 40.00
50.00 50.00
60.00 60.00
70.00 70.00

K3 ITIEHT X BBl k4 & R 4% (2009 4F 7 J] 31 H B4 [FE 3, (HAITIEGE

02:59:44 BJT) Fig. 4 Same as Fig. 3. but after correction

Fig. 3 PPI of X-band radar composite reflectivity before correc-
tion at 02:59:44 BJT (Beijing time) 31 Jul 2009

50 ‘ ‘
M Uncorrected Z i of X-band radar : : :
45 [ Corrected Zy; of X-band radar 777‘r777:777 o]
dBZ 40 | M Z of S-band radar —-b---L-—
0.00 7.1 . . I
10.00 o R B B N B N .
2000 &y w
30.00 E: 28 |r= = = = - -
40.00 N ol B N . ||
50.00
60.00 51 1111 ]
70.00 10} - = = = -
5 I — — — — L —
BN WX WE KT FE OER CFA HEE
B 5 SUEBTEIRAA KT E (2009 457 A 31 H 03:02:12 K8 AKX Zo 35 (H A
BI'D Fig. 8 Comparison results of Zy averaged for the eight areas

Fig. 5 PPI of S-band radar composite reflectivity at 03;02;12
BJT 31 Jul 2009



