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ABSTRACT

A Study on the Bright Band using
Dual Polarization RADAR

Jeon, Dae-Hoon
Advisor : Prof. Ryu, Chan-Su, Ph.D.
Department of Atmospheric Science

Graduate school of Chosun University

A bright band means that the intensity of radar echo is more exaggeratedly
displayed than the real amount of rain due to the permittivity difference of
raindrop at the altitude under the layer of 0C(melting layer).

Echo intensity is used in forecasting the amount of precipitation by using
a weather radar. When a bright band appears, which means that a more
exaggerated echo appears, the value of the forecast amount of precipitation
is exaggeratedly estimated than a real one. But as the amount of
precipitation is zero or less than 1.0mm in the regions where the bright
band does show up, the error of forecast takes place.

This research sought to find a new method to distinguish between bright
bands by making use of the radar image materials of the duel polarization
radar installed at the weather radar research center.

The analysis method was to select the cases where bright bands showed
up(on November 1, 7, and 8, 2009) and analyze them by using the ZDR, RHOHV,
KOP, and PID images of the duel polarization radar.

In analyzing the cases, it was difficult to make a clear distinction of
the altitudes on which bright bands appeared on the ZDR image, and the scope
with a negative(-) value showed up on the very upper altitude of the

altitude on which bright bands appeared. In the RHOHV image, while the



correlation coefficient was close to 1 in the peripheral area, the
correlation coefficient was lower on the altitude on which bright bands
appeared. In the KDP image, its value of the altitude on which bright bands
appeared was higher in comparison with that of other altitudes, and the
value with the negative(-) value turned up on the upper and lower altitude
of the altitude on which bright bands appeared in both altitudes. Finally,
in the PID image, the type of raindrop consisting of the altitudes on which
bright bands appeared turned up as a form of grain, small hail, and hail. Of
all the image materials used in the analysis work, bright bands showed

clearly up in the RHOHV and KDP image.
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Table 1. According to a change in wavelength and freguency according to a band.

Band Wave length(cm) Frequency(Hz)
K 0.8 37,500
X 3.2 9,300~10,000
C 5.6 5,300~5,700
S 1.1 2,700~2,900
L 27.0 1,100~1,300
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Fig. 1. The error of radar's observation(Browning, 1982).



I-O|,

=

=

(o)

I:IIO| 2 A A|AE‘|| Aln=
ZO0l 2= AIAE” 4322 XUAH D0 2=
e = Z=JF §XEX
dcte di0it SatiMsE 24 HZ2IF LIEHLEXT 22 lE
Q & = 2l =ICH.

dlol

—

—

=R
X1 440l A

(]

@ eold=22d Zal €M U

H o o8 = ||
T = ol ol ol RIS H+
W D w °l ~ T o I T ]
s>z =5 =N w w D" g xW
T d ®o 05 = R ° o = Oy
- S = = e = - .= 0| il
W= < T =3 E S o oK
S — Y =
_;._H@w I D= mw R W . =
) S B S ! 00N = Do
T o = w = o = = =
- © nH © W = ) o Ul Y ~ 51 K
o oF g0 . W~ JlJ _ K ol R
E] T = = © w R
g W R0 o » WY s X ] . w
W = I3 _ A0 5 5 of M o . R S
MOT»___ o > M g < =3 * 0 O z <
By (] = o = —_ —. J—
o Fo o @ mﬂ - S o) mm s & R o3 ol = <
Lo K e S = ° < 0 5t X <0 e
5 XS 5 T W s = 20 HIr S =
= © 2 2 ) = o L mg H o 3% ) 3 =
7 DU~ s N =esm T2 ol TIAY o O
] K = ioJ — _ =
&0 KO = < U S = hE . O© - ol )
K o ~ al [} { 20 o =) g
i 51 ._|_._ s A N Bl ol R = 2 n = 0 o = ol_._
xS WD o ulor Ko O gl Moo + o o
R0 Ly X0 S % 0D 4 mo oD > R i) 20 o
Nz G Al _ 50 B -
x o8 A FoU R JIJ 7 o)
I TR | = Noowgsa 20 g
9 57 = Y L_m o VY S g - 0 = - < -
%Imm__mmwﬂg_xaocmfﬁém&% = oy W
QMFOMOEWEMOm_HEu&aw LN = el
W ~ < g W = =g "o o Wy RO < =0
_ & o mxrormTAﬁ:ijLﬂHo _ R
o IS O n0 ol H E ol g0 <0 Wo X m T N
0w Mo 0 <l H = K0 D oK S o @ = o . ol
o KIi Ol %0 =z = K E - 5 e 5 Ll A =
o A& o =R ol 5 5 © 70 — R o_._ 2 9 b=
T 0 W) o ™ R __“M_V Hor A ol Ll oW i 1A o0 w2 6] <0
@ Twiodag _CHod -
@ @ o =S nf o R l 5B W )
© © w xS
(23 oh H@ oo



== ot 20IC.

Fig. 2= diOId Xt &M1& 2AIE0|1, Fig. 38 L&20 OE dold ¥
o =0 H3tE LEtH e =OICH.
A== HEHMIL ot AHOICH clOIHUA =alE Hitte 28 =E2E A &

D, SESNHA Ad 252 ot =0, 0422 Fig. 20lM2F 201 2l0IH oA
DE2S HENH BHtAIII=X di0IHE EAtEl 8XH=E Heldl EHE=S 3
Z=otHdD] ME DELE0 =2 NEE =0 0 012 20 ddE=E ML
o &2 melting layerE st <, &2 M & &01 LHEHLCEH,

g2 oM Ze Z2EI LIEtUE OlRE melting layerOilA Z& 2 Xt
SOUA 2R HHU =201 45 =0 0 2% 2L 20 28 o
DA LHEFUA EICH Ol 242 Xtet 2+ X2 SME10| G2 H=20ICk
(ZEUXS REE 0.1, Ld=UX2 REE : 0.9)(White, A. B., 2002).

o

Fig. 2. The mimetic diagram of the radar electron wave progress.
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Fig. 3. A change in the height of radar beam according to elevation angle.
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Fig. 4. The reflex intensity of radar's vertical section.
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Fig. 6. The duel polarization radar of weather radar research center.

(a) fixed observation (b) moving observation
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Table 2. The spec of duel polarization radar.

Antenna Specifications
- Type Parabolic reflector
- Diameter 2.44 m
- Beamwidth 1.0° at 3dB
- Gain > 45 dB
- Sidelobes (co—polar) < -28 dB
- Cross polar isolation > 32 dB
- Beamwidth coincidence < 0.08° (Hor and Ver)
- Beam direction coincidence < 0.08° (Hor and Ver)
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Table 2. The spec of duel polarization radar(Continue).

Transmitter

Specifications

- Type

- Peak Power

- Frequency

- PRF

- Pulse width

- Duty Cycle

- Transmit isolation

- Waveguide pressure

Magnetron

250 KW

9325 MHz

0 7 2.5kHz

0.2 7 2 psec (0.2 psec steps)
0.001 Maximum

> 50 dB

20 psi (dry air)

Receiver

Specifications

- Type

- Noise Power

- Receive isolation
(Hor and Ver)

- Radar Noise Figure

- Dynamic Range

- Sensitivity

— Bandwidth

— Polarization switching

HiQ digital receivers (Hor and Ver)
< =115 dBM
50 dB

2.9 dB at 1MHz
> 80 dB (receiver LNA dominated)
> 100 dB (compressed at hi & lo power)
-11 dBZ @ 50 km 1 usec pulse
(dBZO = -45)
-17 dBZ @ 50 km 2 psec pulse
(dBZ0 = -51
Matched pulse length (=gate spacing)

None (SHV with parallel receivers)

Olgdet ols&mdlolit= Il

o ANEE HEZ = UL Table 32 0ISEIHIOIH
0il 50
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Table 3. The fields manu of duel

polarization radar.

F DEZHC SR

F DEZHC SEC

RAW DEZHC SUR

RAW DEZHC SEC

F DEZVC SUR

F DEZVC SEC

RAW DEVC SUR

RAW DEZVC SEC

FC TBZHC SUR
FC DBZYC SUR

FC DBZHC SEC

RAWC DEZHC SUR

RAWC DEZHC SEC

FC DBZVC SEC

RAWC DEZWC SUR

RAWC DEZVC SEC

F WEL SUR F WEL SEC RAl YEL SUR RAW YEL SEC
F WIDTH SUR F WIDTH SEC Rew WIOTH SUR RAW WIDTH SEC
F ZIR SUR F ZIR SEC RAW ZDR SR RAW ZOR SEC
F ZDRM SUR F ZIRM SEC RAW ZDRM SUR RAW ZDRM SEC
ZIR MEDIAM SLR ZIR MEDIAM SEC SEomEETmEEs ===c=soceeo
F PHIDP SLR F PHIDF SEC RAW PHIDF SUR RAW PHIDP SEC
F RHOHW SUR F EHOHW SEC RAW RHOHY SUR RAW RHOHY SEC
kIP SUR KIP SEC KIP SURE A KIP SEC EAW
HCP SUR NCP SEC RAW HCF SLR RAW MNCF SEC
F SNRHC SLR F SMRHC SEC RAW SHEHC SUR RAW SHRHC SEC
F SMRVC SUR F SMEWC SEC RAW SHEVC SUR RAW SHEWC SEC
F DEBHHC SLR F DBMHC SEC RAl DEMHC SUR RAW DBMHC SEC
F DEBMYC SLR F DEBMYC SEC RAW DEMWC SUR RAW DBMYC SEC
PID SUR PID SEC TEMP 4 PID SUR TEMP 4 PID SEC
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Fig. 8. DBZHC image(normal echo, 2010. 7. 2, 00:43 UTC).
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10. ZDR image(normal echo, 2010. 7. 2, 00:43 UTC).
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Fig. 12. KDP image(normal echo, 2010. 7. 2, 00:43 UTC).
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H2& Abell1(2009. 11. 7, 22:19 UTC)
1. DBZHC &t

Fig. 14= &2 W &0l LIEIE 2009E 112 72(22:19 UTC)2l DBZHC S 4f0ICtH.
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20.8mm/h) S LIEFLE, X Z<E2 0.0~0.5mm/h OIGHACH.

. K11 levels 2009/11/07 2549547 _——

Fig. 14. DBZHC image(2009. 11. 7, 22:19 UTC).
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Jb LEHEE DS I 2250 2o X0 D20 =2 DX0ihe EX o2

ot gkl AE = = UL

-

Custom FC DBZHC SUR Cross Section 2009711407 22:19:17

Fig. 15. Cross section image(2009. 11. 7, 22:19 UTC).
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Fig. 16-(b)= Fig. 162 RHOHV Z&f0ILCt.
$H2 WO e D&l CHE DSl Hioh &2 &2+ 84(0.85~0.97) 01 LtEt
RS 2 = UCH 0IE Soff OHE D=0l dioh 252 WIoF LEY DE0AMe

24Ol BBt AN LOILID UCHs AS 2 + UL

=2 T
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Fig. 16-(c)= Fig. 162 KOP @ &H0ICH.
gt2 WMot LEHY D0 0.5~2.0 ALOIS] gtS =2 &0 AYSHH LIEtt HS
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AEe 2 = UCH HE2 W UEHY DE0AM Kpp 301 02CH IAH LIEHH H2
Soff =& JILE0 8 IG0 Z=LA0F 0 ol 2EEES & > UL, -
otF N=lile =& 30 20 B2 =8It 2Xg=S 2 = U

Fig. 16-(d)= Fig. 162 PID ¥ &OILCtH.
HdHMAESZ dry-snowl SENDI LIEIY A2 = = U220, 42 I UE 1
TO0lA= grain/small hailZl grain/rain® &EHJ} LIEIY HS 2 %= UL}

graindt small hail2 24X EFO0ILC.

ro

Custom F ZDR SUR Cross Section 2009/11/07 22:19:17

Fig. 16. The observed image of duel polarization radar(2009. 11. 7, 22:19 UTC).
(a) ZOR
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Custom F RHOHV SUR Cross Section 2009711707 22:19:17

Custom KDP SUR Cross Sectiom 2009711/07 22:19:17

Custom PID SUR Cross Sectiom 2009711707 22:19:17

Fig. 16. The observed image of duel polarization radar(2009. 11. 7, 22:19 UTC).
(b)RHOHV (c)KDP (d)PID (continue)
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HI3E Abell2(2009. 11. 8, 04:44 UTC)
1. DBZHC &4t

Fig. 172 92 M 40| LIEH 2009 1128 82(04:44 UTC)Sl DBZHC H&HOICEH.
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Fig. 17. DBZHC image(2009. 11. 8, 04:44 UTC).
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2. AXHH g4

Fig. 182 Fig. 172 ®O-@ X9 HAXMCEH Ha = 0ICH
SY0AM 2.2~3.2km D0 28t diolE 2ZEIF UHEHH s = = UL
2 Mg JIE2=2 ofslA= 31~0dBZE UEHCH, aS0AE 12~27d8ZE

Custom FC DBZHC SUR Cross Section 2009/11/08 04:44:17

Fig. 18. Cross section image(2009. 11. 8, 04:44 UTC).

3. ol=HIdol g4

Fig. 19-(a)= Fig. 182 ZOR Z&0IC}t.
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Fig. 19-(b)= Fig. 182 RHOHV Z&tOILCE.

92 [MJF UEH DE0l T2 D20 Hish S ABHS 26(0.7-0.92)01 LIE
LS = 4 UC

Fig. 19-(c)= Fig. 182 KOP Z&H0ICH.
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Fig. 19-(d)= Fig. 182 PID E&0ILCH.
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Fig. 19. The observed image of duel polarization radar(2009. 11. 8, 04:44 UTC).
(a) ZOR
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custom F BHOHV SUR Cross Section 200971108 04:44:17

custom KDP SUR Cross Sectiom 2009/11/08 04:44:17

Custom PID SUR Cross Section 2009/11/08 04:44:17

Fig. 19. The observed image of duel polarization radar(2009. 11. 8, 04:44 UTC).
(b)RHOHV (c)KDP (d)PID (continue)
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HI4Z Atedl3(2009. 11. 10, 03:14 UTC)
1. DBZHC &t

Fi
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Fig. 20. DBZHC image(2009. 11. 10, 03:14 UTC).
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Fig. 21. Cross section image(2009. 11. 10, 03:14 UTC).
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Fig. 22-(b)= Fig. 212 RHOHV Z&f0ILCt.

g2 WOt LEtE D&l O& D=0 Hish 22 &2H = 2t(0.85~0.97)01 Lt
Bttt 2= =2 = UL

Fig. 22-(c)= Fig. 212 KOP Z&0IC.

S22 M LEtE D=0 0.3~2 At0l2] gtE =2 S0l UEd AE =2 = U2
M, 2N AtdISD 20 &t2 O D& 422t otR0 S(-)2 0l LIEH RS

= & UL

82 WMJOF UHEFY DEol 24X EEHE= grain/rainit grain/small hail2)
HENDL LIEIL 22 2 2 FANWAME dry snowl EHEHDF LIEHG
Ct.

Custom F ZDR SUR Cross Section 2009/11/10 03:14:17

Fig. 22. The observed image of duel polarization radar (2009. 11. 10, 03:14 UTC).
(a) Z0R
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Custom F RHOHV SUR Cross Section 2009/11,10 03:14:17

Custom KOP SUR Cross Sectiom 2Z009/11/10 03:14:17

PID SUR Cross Sectiom 2009711710 03:14:17

Fig. 22. The observed image of duel polarization radar (2009. 11. 10, 03:14 UTC).
(b)RHOHV (c)KDP (d)PID (continue)
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