commons

O N § D E E D

@creative

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEALEA. 7ot EHSME EAIGHAOE 2HLICEH

HZd. #5l= 0l A5== 2dl 5

Jd
0
it
2
o
m
1
£
I3
Iry
[

o Fgts, 0 HEEY WO S0l =2 A2, DAEEN HEE
ZTEH LHEHH MOE 2L

o REARZLE Y2 5Jfe won U227 E2 MSLA Falil

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection




]

o

8

2007

o
o
=y
oy

<

E

o

ﬁo
pil

o



)

o

8

2007

o
—

;O_l
=
oy

~
s

E

s
;O_l

ﬁo
il

~
;Oﬁ



oW

13

]

ow.a

7

gy

2007



A1Zd A E

1.1 7] AFTI O] T wevevereeeerneentit e 1

A 2F 713E A" 74

3.1 TOJT] ALE e 13
3.2 A2ANFEZTF O} F RIS ] o 19
3.3 TOJT] HEA AL i 29

4.1 ol AT ZFAEA] 28
4.2 ?_A]JOLE% O]%@. @6\4%7‘3 .............................................................................. 37
AS5F A& 50




Analysis on characteristics of rainfall attenuation by using radar

reflectivity (intensity)

Yun-Jae Hwang

Major : Electronic computer and IT engineering

Graduate School of Industry, Pukyong National University

Abstract

The weather radar is the weather devices that observes the
meteorological targets, forecasts the precipitation by detecting and
tracking the precedent events before bad weather, and produces the
wind field with the Doppler effects, by using the electronic waves.
Currently, Korea Meteorological Administration is operating the weather
radar in C-band, S—-band and X-band frequency band for the research
purpose. Besides-Korea Meteorological Administration,” Korean and U.S.
Air Force, Ministry ~of “Construction & ~Transportation and Korea
Aerospace Research Institute are—also operating the weather radar. It
was possible to only detect the precipitation such as rainfall or snow
with the first weather radar. But now as it enables to observe the wind
with the Doppler effects to directly know the air current, it is used as
the important weather data observation for mid-size weather, typhoon,
cloud physical study, flood warning and safe aircraft service.

The electronic waves from the weather radar computerizes the moving
speed and reflectivity intensity, by using the reflective waves dispersed
and returned by the meteorological targets. weather. The short
electronic pulse used by weather radar detects the reflectivity intensity

by detecting the weak signals returning from the meteorological target



during the time between the pulses. Therefore, it is possible to measure
the radial velocity by using the changes in phase difference between the
pulses. The attenuation of the radar waves is mainly caused by the
dispersion and absorption of the vapor, oxygen gas, rain drop or solid
state of particles. The attenuation by the air gas is normally ignored
because the amount is very small while the attenuation by the solid
particles 1s much bigger than that by the gas. In other words, the
attenuation is the most influenced by raindrops and the degree of
attenuation is influenced by the particle diameter and its relation to the
wave that is the subject of target. Likewise, the weather radar analyzes
the characteristics of particle in-the-air-with the pulse waves, and tracks
on the sudden meteorological status and typhoon. such as heavy rain,
hail, falling of thunderbolt, for the short-time weather forecast.

This paper ‘uses the two weather radars that use different wave
bands, in order to analyze the characteristics of attenuation and
reflectivity for air particles and to interpret the attenuation degree for
the rainfall amount.

In the result, the electronic energy in the air loses its energy because
of the absorption and dispersion. It was possible to ‘derive the
attenuation coefficient by «combining the loss caused by these two
factors. The “radar .for the field measurement. purpose used the
wavelength between 5.6em-and 10cm, with the gquantitative observation.
As the system contained the. processor, it -was possible to amend the
data by applying the amending coefficient. The result is summarized as
follows.

(1) The air gas that makes important influence on the attenuation by
absorption is vapor and oxygen. It is possible to ignore the attenuation
caused by the dispersion of gas molecules, and to know the attenuation
caused by the oxygen in the air was extremely constant between , 3cm
and 10cm.

(2) In the result of comparative analysis between the characteristics of
attenuation of 10cm wavelength and Scm wavelength through the rainfall
intensity reflectivity visuals using different two wavelengths, it was

noted there was differences of about 10~20dBz in attenuation.
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10cm 3% (S-band : 2,700~2,900 MHz) o] &2 Zr<mo] <o]3] #lold
Aake] 7 ZA7E He, 5 297 A5 sk A el AHEH = deld
of Agtstrh, el m:, o] wpahe AujA o EH% Eulolk= B A7]|¢te] A}
T WAk 3t 5 g vk sttt A 82 700~850kW A7t 7]
glojlol Al ARHEY. AAIHo R = w, 10cme] #Holy Al='le Alzte 4
Aol s AAW, AFEF SAH digk eF7F HAA FUkslER S22 W%
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7.3m¢] Xz go| kAL o] I Qs
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3, 712 dojelzk obd ool a4 AR HAARE T T2 = FA Abet
A, FH2ollw Z)ddde gA A6 7 Ave Ao R dnEo] du A
qE& Aol Aol AAFHE thFEY A& #Heolrel o] o] AFEHA H

Aok o] oA = 1° MFol| djal] 3.7cme] SEH[U A 7o) F sttt gt
FEE 7 AagE T g Jdon, Holg Ag
VEM Wﬂ AL w el tigk BAgo] EEasivjolx g ow A
2 4 gtk HF 98 15 240-300kW Aol

o' Ao A= o] dafo] FATA BAHOT ALGEHTE wEts] 7] ol
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=719 s AR duebd Sl o F kel gl AAHA
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Aol A% H5E 4 Atk o A3 08emolA s)aelolds BEE 4 Qe
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v R b Ak eEws A ekaA & uf= g2 "2 (Short Pulse) =7}
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ol FWoem AsE AetshA Fetnw F[etA| A RxEs aLgsof g
oh mEbA] dAkE deE A7)V HREESY @ A (cross section)s 0 f

e shel, $417] 2 Solot dde gyt 2

N

P, = 47T T 72 ; (3.4)
9 Ao A wpxwk gke AW AakE 4 Qe ghold, Wk W] o] i
FI HAA7y E45F SketE R, ME-Ibeam volum) We] dAE9] JIE
S agstojof gt WFol.g, H2Fo] hel Hol-g AR r7A] PP e

B3 rp20%h,8 OB o] e kgt ol ek,

N
Z 7r7“29 hyjo; (3.5)

o714 wpA| ek e @ A Hol| tigk AAES] dHA S I Ao ZA,
SIRE HFALE (radar reflectivity) & ol %] 21 o}(jones, 1956).
Probert-Jones(1962)e] 2} #lojt] W ol Yx}r} A ExEo] 9

= 7Skl A (38)7E = -ES7] wEol, o] ZolA M= oatE B
A dark dvka shlent BRI R 2In2E ARESte] A (3.6)3 #o] o
ERu
P,G*\*0°h
p = t (3.6)
" 512 (2in2) wr? ;UI

Mie(1908)= 4% o & #Hul(horizontal polarization)d 37} & =W
=5 4%

T
=
713l JAkE

oZ,

wl, 2ue el A7)H, B AH 434 D A%l
1

ouAl Fof dR-7F gl ARAE S e agste] o 2

3) & Aok Ak e
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7@ S (1) (204 1) (a, — by) | 2 a7

n=1

A7 axz W& WA, av =2WEY A4 34 v g wet Abey
o o] dHAA He e AAEA ma/\ ol o7F AAW @A
ForAl gkl wael A2abd, witE ZopAwl Uzl (Rayleigh) Abeto] 1
A= gvldo] Fastng golr] Faad o Ewe BAds FA7F A
S¥

2l (8.7 a, ¥ b o gk WA (Bessel function)9} @7 ¢4 (Hankel

function)?] 7@ & Z=98td v Zo] Wa Hi(Herman and Battan, 1961
; Herman, 1970)

2 2 5
o, = 2losgf e — Ige SRER - JE (3.8)
' s m-+ 2 A

7N me FAERA B4 n-ikZ UEld £ don DE Axe F
4, | K| %= 24 8-10em . 0ColA 20€9 2=

40.93% Fgth, A (B.8)2 Ly TAY o= oA glom wpifo]l 11 K}
of talA 2 A e

Az ol WA 2(3.6) ol == At A& JHsg g dEE
o},

B P,G206h

P = —osam2

| K| 2308 (3.9)

vol

o 714 -2 mpA e kS WALl A (reflectivity factor)8f F2m1, W3] Z
2 RAIRIY 2 (3.9)0l= 71dlold e 7]Fol AW st ¢ e 3
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gl so] st FEAoR C2 yehdd 4 (3.9% dsd 2ol hdg
Fefz "

2 3 2
P,,‘ZQ%]—Z, (0:%) (3.10)
r 1024X7In2

A1 (3100014 HEARCIA} Z= AbghAle] A AW EAlsls B H7A g T
o wel AAE = FgolBnE A5 S Ares AAske AoV E
(Marshall and Palmer, 1948). 7] 5olA Adxte Ex= oS53 Zo] A

THrdor wddh
N (D) = Ny 42 (3.11)

o]7]A ND)E &9 Aol EAlstE A% D+dDQ! 2o siFolm, N,

T Ege] AAo wel Wahy] wjEel V(D) = 14.2D2% YEld 5 glow
Z(Gunn and Kinzer, 1949), Z+& R H&3 ¢o] Hrf.

142N, (45)

R:/ ]\ﬂ VdD = 5 (3.12)
0 6 6A™

(Gamma function)®A] (n-1)¢] gkolt}. k&, wkalel

of ol Ewrgo] A g BAHo] gomm thad
o}

2
N
>
pul
o]
N—
rlo
ol
o
=)
i
&

Z:/OOMdD:M (3.13)
0

21 (3.12)% 2] (3.13)0A AE &A7Aste] A=y vAMAlG, = Z-R #A12)

& fEshd

’
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4.1 HEALR O] o9t ZhrEF 2k
25T | PRALSE 25T | s E = YEALS
{mmsh) (dBZ) {mmsh) (dBZ) {mmsh) (dBZ)
0.1 7.0 9,0 8.3 28.0 46,2
0.3 14.5 9.5 38,7 29,0 46. 4
0.5 18.2 10.0 39.0 30,0 466
0.8 21.5 11.0 39,7 33.0 47.3
1.0 23.0 12.0 40,3 35.0 47.7
1.5 25,8 13.0 A0.5 37.0 461
2.0 27.8 “14.0 4.3 40,0 48.6
2.5 29,4 15.0 418 43.0 49,1
3.0 30,8 16.0 42,3 45,0 49.5
3.5 Z 7 17.0 42,7 47.0 49.8
4.0 326 180 43,1 50,0 50,2
4.5 8.5 19,0 43.5 BE.0 509
5.0 34.2 20.0 438 B0.0 51.5
5.5 2.9 21.0 442 £5.0 52.0
6.0 855 22.0 445 70.0 52.5
E.5 36,0 23.0 A48 75.0 53.0
7.0 3E.5 24,0 45,1 80.0 E3.5
7.5 37.0 25.0 454 g5.0 53.9
8.0 87,5 26.0 A5.E 90.0 54.3
8.5 37.9 27.0 45.9 100,00 55,0
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SAA S |d ot - FH(mm/h) | o] B ¥k = (dBz) | 2.2 91 (dB2)
o 4~5 32.6~34.2 1.6
o 3~4 30.6~32.6 2.0
s 7~8 36.5~37.5 1.0
22k 3~4 30.6~32.6 2.0
25 3~4 30.6~32.6 2.0
9 4~5 32.6~34.2 1.6
il 4~5 32.6~34.2 1.6
A Al 7~8 36.5~37.5 1.0
Ly 7~8 36.5~37.5 1.0

ZCmm® | m®) = ak? 1837.9. = 200+4 1.6

dBz = 10 log Z 32.6dBz = 101logl837.9
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C-band dojy ¥RAlZ

SAAG et - (mm/h) | 2l B AR (dBz) | 2291 (dB2)
o 0.5~0.8 18.2~21.5 3.3
o of 0.5~0.8 18.2~21.5 3.3
Ll als 0.5~0.8 18.2~21.5 3.3
Eals 0.5~0.8 18.2~21.5 3.3
A 0.5~0.8 18.2~21.5 3.3
%3 0.5~0.8 18.2~21.5 3.3
3l 0.5~0.8 18.2~21.5 3.3
A 0.5~0.8 18.2~21.5 3.3
als 2.0~4.0 27.8~32.6 4.8

Z(Cmm® | m?) = ak’

dBz = 10 log Z

085 R 'Oh> -6
18.2dBz = 10 1og0.32987

S-band¢} C-band #olY Bl o3

449 S-band(dBz) C-band(dBz) < 2 91 (dB2)
o 7+ 1.6 3.3 1.7
s 2.0 3.3 1.3
s 1.0 3.3 2.3
=2k 2.0 3.3 1.3
25 2.0 3.3 1.3
%3 1.6 3.3 1.7
3 1.6 3.3 1.7
71 A 1.0 3.3 2.3
Ak 1.0 4.8 3.8
v Ky 1.5 3.5 3.9
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9 3% 2km oldtoll Al 35~40dBzo] #HEE Hol: Wk

C-band®] 7 25~30dBz AXx9 ZEE ®olal glon, oF 10dBz AL

Za7F 8-S & 5 k. Awrd o g S-band9t C-band Aol A o] 7+ A

T 9F 10~20dBzg =9 #Fol7t d& & & 5 AT

= b Sl o8 dolum, 3, kel A, FRSTGEENE
o

dielectric constant)ol]l Wz} 2}, S 2 o|Fo|d Y= FE siA 7

S-band®] 7
%

Ho ARE £ wet thEvl, 25 YA a1 guel gk U
2o ARG AGSnE B TR dolAE 2 % lam ’e) £37]

Zol| o], 3cme FAAE 27 A 0.1dBkm to]™, 10cmolA =
0.01dBkm 'olt}, H%7F 1gm 2 ¢ Q&9lxt9] FEo ddlA=, 3cmY o
0.004dBkm !, 10cm¥ W= 0.0008dBkm ‘o]t}. walA], elojy W u}

o

0.5gm’ olatel F3718 &Edshes FEel Artstete 10cmol A9 2=

o stk Ffol ol AT A%E F Ak
0.8cme] W] 7 Sl it 9E HR P& e glol)

Ay —— A ACm)

10 5.6 3 0.8
0.5 0.0003 0.002 0.006 0.22
1.0 0.0006 0.004 0.014 0.44
5.0 0.003 0.03 0.122 2.2
10.0 0.006 0.066 0.302 4.4
50 0.03 0.43 2.5 22
100 0.06 0.962 6.16 44
200 0.12 2.16 15.3 88
300 0.18 3.48 26 132
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