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Adjustment of the Mean Field Rainfall Bias by Clustering Technique
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Abstract

Fuzzy c-means clustering technique is applied to improve the accuracy of G/R ratio used for
rainfall estimation by radar reflectivity. G/R ratio is computed by the ground rainfall records at
AWS(Automatic Weather System) sites to the radar estimated rainfall from the reflectivity of
Kwangduck Mt. radar station with 100km effective range. G/R ratio is calculated by two methods: the
first one uses a single G/R ratio for the entire effective range and the other two different G/R ratio
for two regions that is formed by clustering analysis, and absolute relative error and root mean
squared error are employed for evaluating the accuracy of radar rainfall estimation from two G/R
ratios. As a result, the radar rainfall estimated by two different G/R ratio from clustering analysis is
more accurate than that by a single G/R ratio for the entire range.

keywords : radar rainfall, mean field bias, fuzzy c-means clustering, G/R bias adjustment
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(Hudlow et al, 191; 9L 5, 1996).
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2.2 Mean field rainfall bias

dolt] Z-9-2] mean field rainfall bias(B,)= #1747
Al oS EH = SR A oy Ahe-wF gl of
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I 28 g Eq. (6)3 ZtHAnagnostou et al, 1999).
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AES Mol g AEe] glom BN ¥ 4 frk:
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g3t
Table 1. Characteristics of Gwangdeok Mountain
Weather Radar
Member Characteristics
Radar name Gwangdeok Mountain
weather radar
Radar type Shband Doppler (Meteor-1500S)
Location Gangwon Province Gwangdeok
Moutain(EL.m 1,066)
. latitude 38°06'42.28”, longitude
Coordinates 127°96'02.827"
Purpose Observation of weather
Maximum
observation 480
range(km)
Valid
range(km) 240
Year of install 2003.12
Frequency
(MFH?2) 2887
Bin space (m) 250
Maximum
radial velocity 31.17
(m/s)
Number of
height angles 10 (0.0°-18°)
(range of
height angles)
Sweep height 12 (Min 0°~ Max 20°)
angles
Azimuth (deg) 11.9
Power oscillator Klystron
Peak power
(KW) 0
Pulse width 1 and 45
(1s)
Antenna
diameter (m) 85
Beam width 1°
Antenna gain 44.5dB
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Fig. 1. Radar Range of Gwangdeok Mountain

Weather Radar and AWS Sites
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biase| 2H
oy

sk AF7Y 7 wol o] FolR m=re] WSR-88Dol 4
AREE}E Z-R BAAS Eq. (9 2t

Z=300R"* ©

a8y g e] WSR-57DoN A A5 Z = 200R ™S
o] Bl S ZuEly] 98 ol 77k o o]=Ao|w
23 4°L A77E g o] 1 A3} Z=300R" 7} Hlo]
ARl O greatrial gy ot -Elvete]
(Iﬂ\/IA)OHHL AAl Z-REAA ] AT T A9
4-9- 2002, bel B¢ 168 AFE Sl vt w2
Aol Z=200R" 2} Z=300R" BFZE # &3
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Fig. 29| #& 192 3494t doly §& 100km ®
9 AWS A A 5ol gk dloju -2 'Ae] =
A 8E(Conditional Probability of Radar-Rainfall
Detection; CPRD)& Y= 2#elal, %5 18-S 7
ol % 'Or*ﬂé%kr A A 9=(Radar-Gauge Correlation
£ Yebd ade|th. CPRDSF CC+=
2007 % Ej,*& Eﬂolﬂ WALE 2ks 5 357191 64 21
ARE] 9Y 209714 9] Apsell A Table 29 EfE7]7F
o siFsts ARE ALF 7Iks didew sl
o1, CPRD?| 74 Eq. (10)2-2 epd.,

U

o
O\I

N

1747

ol

)

Coefficient;

Table 2. Typhoons that Influence to Korea in 2007 and 2008 (http://typ.kma.go.kr)

Period Typhoon Number Typhoon Name Center Pressure (hpa) | Days
2007.07.09~2007.07.17 4 MAN-YI 988 9
2007.07.29~2007.08.04 5 USAGI 998 7
2007.09.13~2007.09.17 1 NARI 1000 5
2008.07.15~2007.07.20 7 KALMAEGI 1000 6
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Fig. 2. Conditional Probability of Radar-Rainfall Detection(CPRD) and Radar-Gauge Correlation
Coefficient(CC) in Gwangdeok Mountain Weather Radar using MP Z-R Relation
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Table 3. Variables for Fuzzy c-means Clustering Analysis

Annual maximum mean rainfall for each duration

Coefficient of variation for annual maximum rainfall for each duration

Hydrological factor

Coefficient of skewness for annual maximum rainfall for each duration

Mean rainfall during the rainy season

Latitude
Morphological factor Longitude
Altitude
3 o] e WEAS GTEARE Asddon, B e Ade ¥dsw e @@shdnre EL
wRo AFAe] H FHTI7ke) BERSEE ALS 41762 mE eI, Hekx e, Aetel o) f)Ash
S, mgoR Ao TRY W AR Awel  BEAAESC] delst Woln Wit Ael: 27} 6419
QL A, uEdoR Ads =hE T e A km, 65.89 kmo|t}.
AdolelE wEIA X, Ak 1EE ARSI
B ATl = Aol wE THEAE A8ste] FUd Table 4. Characteristics of 2 Regions in the
BEAY AR F A A9 it e A Radar Range
2| ekolt) Class Mour}tain Plgin
region region
- Number of site 31 63
. . - East Sea altittll\c/ileQ(alfilL.m) 41662 va.20
from radtim) | 419 589

4 Gwangdeok Mt. Radar
4 94 AWS sites

{f‘.‘: ~.:| Mountain region

/ Plain region

| Radar range(100km)

0
A

‘ 0 21,500 43,000 86,000 ‘ |

Fig. 3. Clustering Results of Gwangdeok Mountain
Weather Radar Range as Plain and
Mountain Regions

Table 4= @lolt] W9 W 2719] A9z vhyofzl
AterA| st Hopxl o] Ay ® 71 54 e
solek Btk gleld] fak 100 km o] AWSH
A T ool B4 F 6370 A Fetetas

EL. 9220 mE Yedllth B3 Akebx] e ¢ F 31
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Fig. 4. Rainfall Intensity for Three Sites
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Table 5. Absolute Relative Error and Root Mean Square Error of Three Sites

Site name Absolute relative error(ARE) Root mean squre error(RMSE)

(site number) MP Simple MP | Regional MP MP Simple MP | Regional MP
Sinseo(538) 0.57 0.75 0.32 3.33 2.78 0.97
Edong(539) 0.54 0.74 0.37 2.29 2.19 0.98
Daema(651) 0.64 0.47 0.19 4.65 3.11 1.31

MP : Marshall and Palmer Z-R relation
Simple MP : Simple G/R is applied to adjust M-P Z-R
Regional MP : Regional G/R is applied to adjust M-P Z-R
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U9l Table 62] B F+ &2 MP Z-R @A (v
WA 200, 1698)S o837 AdtolaL st F =
NWSell A ARg-ghrkar el Z
er711]*‘(NWS Z- R)°i$ = %735& g o] 7ol &

o

=

mean filed rainfall bias+
Ao #ojr] WhAL: % Rkl
ate] F4E ol V‘% g AdRSEoriY

FTFE ARESte] e Aotk EE adjusted
ARES$} adjusted RMSEE G/R BAS A3 3o &
A O AFel BAFLexE el RS
simple G/Rell 3l@al= #k0.699F 4.11)2 FE4E #Ho
C#E4e] AA fFaHelel disiA sds G/RHE
Hge 5o Aw P AAE dE Ao
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Fig. 5. Scatter Plot of Radar Estimated Rainfall Intensity to AWS

Table 6. Mean Field Rainfall Bias Adjustment Results by Statistic Values

Mean field Adjusted Adjusted .
Class CPRD | CC cainfall bias ARE ARE RMSE RMSE covariance

Sgl;ge 410 0.69 0.69 6.07 411

20016 [t ] 9088 | 086 0.88
R 3.38 0.69 056 6.07 363
Sgr/lgle 470 0.72 0.70 593 453

30014 oot o 9079 | 0.8 093
o/R 4.05 0.72 058 593 370

CPRD : Conditional Probability of Radar-Rainfall Detection, Eq. (10)
CC : Correlation Coefficient, Eq. (11)

mean field rainfall bias : Eq. (6)

ARE : Absolute Relative Error

RMSE : Root Mean Square Error
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