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The comparison of precipitation estimation

between S-band and C-band radar by rain rate

Hae-Mi Noh

Department of Environmental Atmospheric Sciences,

Graduate School, Pukyong National University

Abstract

S-band and C-band radar are generally classified by using 15.00~7.50 cm
and 750~375 ecm in wavelength. They are used to the detection of
precipitation phenomena and applied to nowcasting and local warning etc. To
know the characteristics “and_differences_ of »precipitation estimation between
S-band and C-band radar, radar rain rate by using z=200R"® was compared
with two radars, relatively.

Rain rate which was obtained by radar reflectivity and rain gauge was
investigated at each radar. To compare with one hour average rain rate of
radar, rain rate of AWS was divided into three rain rate intensity categories :
light rain (R < 2.5 mm/h), moderate rain (R = 2.5-10 mm/h), and heavy rain
(R > 10 mm/h). Comparing with RMSE (Root Mean Square Error) by each
rain rate intensity category, its value of C-band radar had less than S-band
radar in light rain and had more than S-band radar in moderate and heavy

rain.



For the analysis of bias, scatter and error distribution, raw rain rate (Riaw)
was divided into three categories : light rain (Riaw = 3 mm/h), moderate rain
(Rraw = 6-9 mm/h) and heavy rain (Ry.w = 2 mm/h).

In every case of rainfall, the bias of S-band radar had lower than C-band
radar. The scatter of S-band radar in light rain and heavy rain had higher
than C-band radar, however its value of S-band radar had lower than
C-band radar in moderate rain.

Bias and scatter values were highly shown at high rain rate in both radars.
It means that precipitation -estimation between radar and rain gauge had
lower relationship at higher rain rate in both radars.

Error distribution represented at 28.11% overestimation and 71.89%
underestimation in ~ S-band radar, @whereas C-band radar almost
underestimated to 98.77%. Overestimating rates of both radars were shown as
the lower percentage at high rain rate. Error distribution of C-band radar had

the negative value at heavy precipitation.
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Fig. 2. The photograph of KunSan radar



Table 1. The characteristics of JinDo radar and KunSan radar

Radar site name JinDo KunSan
Type S-band C-band
Transmitter tube Klystron Magnetron
Effective/Max.
240/480 240/480
detect. Range(km)
250-1200 1180
PRF (Hz)
250-550 250
Peak power(KW) 750 250
Frequency (MHz) 2890 5340
Beam Width(°) 1 1.2
Antenna diameter(m) 85 6

Table 2. Range from- JinDo radar and KunSan radar, and range

difference between both radars at each AWS station

Range from Range from Range difference
AWS station
JinDo radar(A) KunSan radar(B) between A and B

HaNamGong 90.97 km 91.32 km 0.34 km
YeongGwang 90.71 km 85.79 km 492 km
MuDeungBong 94.09 km 101.54 km 745 km
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Fig. 3. "The observation sites of C-band radar, S-band
radar and AWS
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Table 3. Date used in data analysis

DATE
17 March 2005 22 March 2005
10 April 2005 19 April 2005
17 May 2005 1 June 2005
2 June 2005 10 June 2005
28 June 2005 9 July 2005
28 July 2005

11 July 2005
1 August 2005
8 August 2005
21 August 2005

20 September 2005

2 August 2005
19 August 2005

22 August 2005
21 September 2005

6 November 2005

5 November 2005
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Fig. 5. The radar reflectivity averaged in 3 km x 3 km square

cartesian grid data around AWS
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Table 4. Conversion of reflectivity to rain rate using 2=200R"®

Reflectivity Rain rate
(dBZ) (mm/h)
23 1.0
24 1.2
25 1.3
26 15
27 1.7
28 2.0
29 2.3
30 2.7
31 3.2
32 3.6
33 4.2
34 4.7
35 5.6
36 6.4
37 75
38 8.6
39 10.6
40 115
41 13.3
42 154
43 17.8
44 20.5
45 23.6
46 27.3
47 31.6
48 36.4
49 42.1
50 48.6
51 56.1
52 64.8
53 74.8
54 86.4
55 99.8
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al., 2006).
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(@) S-band reflectivity(dBZ) .vs. C-band reflectivity(dBZ)
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U 2 VAR ghe wSeta, Ao r d@ste] Hlatstd, 1.6 mm/h
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HIALE gh2 336 dBZ, FHA WEALE ke 8.1 dBZ,
Hyt AR gk& 189 dBZelth. Light rainolAl 7Fg w3 #=5H
S-band #eolt e WHALE & 258 dBZol™, C-band #lolt 2] WHALR
A& 153 dBZ® z=200R"4 & ol g3t B A ES FASY, 247 149
mm/h¢} 0.33 mm/h7} 2FE = L)

Moderate rain®l A S-band #elti7k &A= Hdl WAIE g 452
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C-band d@lelg7} #5ek o WALE g2 372 dBZ, H4& AR g2
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Fig. 10. The distribution of radar reflectivity between S-band radar

and C-band radar at (a) light rain, (b) moderate rain and (c) heavy

rain.
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C-band (light rain)
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Fig. 11. The frequency distribution of radar reflectivity at (a) S-band
in light rain, (b) C-band in light rain, (¢) S-band in moderate rain, (d)
C-band in moderate rain, (e) S-band in heavy rain and (f) C-band in

heavy rain.
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Fig. 12. Scatter distribution of (a) one
accumulated rain of rain gauge vs one hour

rain rate and (b) ten min. accumulated rain vs ten

min. rain rate.
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2=200R"® 21 & Al g3t FAG B4 Fe u$S Table 59 EFWTH

dojtinct Be A5as FHadh

Table 5. The percentage of estimated radar precipitation to one hour

accumulated rain by rain gauge according to rain rate categories

Percentage(%)
Type of rain
S—-band C-band
Light rain 115.28 31.31
Moderate rain 75.82 20.13
Heavy rain 62.51 11.60
Total 80.61 20.38
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Table 62 S-band$t C-band #oltl& #ZH WALE S 2=200R'<]
2% Bd FA4 AeFeg RMSE et BRE A= O
S-band #°ltl 9] RMSE #-2 C-band #le|ltie] gtrrt} 2okt wpahA
S-band #°]t7} C-band #lolt Rt} 7= FA ol gk xko] =77}
ol AA SFAF D5 A 2o 2HEA FATS 2

AWS®9 & A7+ ¥4 73S light rain, moderate rain heavy rain
o2 uFolX S-band®t C-band #Holu =z F43 A% RMSE #=
H] a8} 3L T

Light rain®] 7% C-band #l°]t ¢ RMSE %< S-band d#eolte] &
Btk A e AL, moderate rain® heavy rainol] A= S-band®] RMSE
gko]l C-band #H ol grth 27 e Light rainol A& 7 9
ool W delt2 FA83% AFHFS A7 C-band #HolyH Tt
S-band @ ol 7F Z 2™, moderate rain® heavy rainol A= =A< 7
Tl d deldz FA% AFEFe 2A7F S-band #HeolHEHUY
C-band @ eolti7k Atk welA light rain®] A S-band @ o] 1t}
C-band d#oly7}t fZFA Ry QXS B3, moderate rain¥
heavy rainol 4= C-band #o]JtlH t} S-band #loltl7} =A< HT}
<A skt

AA, doltdz FAG o AA e Zol7h AXA

Table 72 light raing 05 mm/h FZFo=
RMSE #< UYeWAt. 1.0 mm/h ©lsYd Z$ C-band #ojt]9
RMSE %ol S-band ol o grrot 2A vewtoen, 1.0 mm/hE =34

n)
>
H

)
ol
2
M
4
o
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& 74§ S-band #oltl ¢ RMSE gto] C-band #elt| 9 R A
Ebstth. webA 1.0 mm/holate] AFolM = A AL el
skl C-band #loly e 747l S-band #loly Y ZFdrtt L A7

Aol AAl SFANY BEF Aol mvk A FAHA

Fig. 132 light rain (R < 25 mm/h)S 05 mm/h FF o2 B 735l
NERyYyE yeldl Aolt}. Light raindlAdE ZA$4% 05 mm/h7t

43.3%, 1.0 mm/h7} 233%= YEyial, 1.0 mm/helste] 277}
66.6% =2 A stk welbA light rainol Al C-band @l olt]le] RMSE %k
o] S-band #ely o grR T ZA YEwt oy, 05 mm/h (FAo® AR
g8, #9757 1 mm/h °l§el A=A, C-band @l o)y 7}
S-band # o]y Rt RMSE %ol ZA vy, AA A A o
Q27 2 A e

Table 6. RMSE (Root Mean Square Error) of rain rate categories

RMSE
Type of rain
S—band C-band
Light rain 1.12 0.88
Moderate rain 2.61 4.01
Heavy rain 791 16.30
Total 2.26 4.40
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Table 7. RMSE (Root Mean Square Error) by each rain rate in light

rain
Rain rate RMSE
(mm/h) S-band C-band
R=0.5 1.41 0.41
R=1.0 091 0.74
R=1.5 1.04 1.10
R=2.0 1.18 1.53
Rain rate distribution
800 45
0\
‘g L 40
> 600 L 35
5
§ - 30
"é 400 A (%)
g \\ L 25
g
S \ - 20
,E 200 \.\
\\‘ ~ 15
0 T T T T 10
R=0.5 R=1.0 R=1.5 R=2.0

Rain rate(mm/h)
Fig. 13. The number of frequency and percentage according to each

rain rate in light rain
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T3l 9Xe REE bias, scatters LobH gtk Fig. 14014 172
veldl Aol Fig. 14+= AA F9%

ARSRS 2 eAREYEE YEH AolW Fig. 15914 172 light rain

i
o
Q
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[oN
fo
€
o
Q
5
[oN
1o
fo
Dy
Sh
Rl
ki
i

(Rraw = 3 mm/h), moderate rain (Ruw =-6-9 mm/h), heavy rain (Rraw
> 12 mm/h)2 2 Y*FojAl S-band¢t C-band® LA3EXE=E YERH A
o|t}. Table 8& RE 797 =9 light rain, moderate rain, heavy rain2
bias(dB)¢} scatter(dB)E WERU AT

QARFEANAN A x)FS FHA S5 gl A doelgrt F
A A v(exh)E dBE UEH Aow 5o e AAaHVE 9
nstH, o) e HBZAE gudn. F(y)FS - ZFA
o vl oAt FAVAEE YUEWH, 12 100%E " gtk SA R

o Fe& Aol F(yFY 0dA 12, 5 55 APJOR ojFeH, #Holf

Abol o] Zho & o] ke WhE scatters 2 n| g vh(Galli et al., 2006).

Fig. 149] LA ¥ ¥ =5 B S-band @lolg7} $FA R 34975}
= 3l nl&o] 75.06%c°1H, FHF 7tst= 3] Bl &o] 2494% %
Elwtth. C-band dolde $FARTY HAH7EE 359 v &0
98.90%0°]™, i 7tet= 349 H&o] 1.10%%E YER T S-band
olti= °F 3119 M&E HAaTEet RHVLE ARE C-band # ot =
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Error distribution (S-band)
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Table 8. Bias and scatter of rain rate categories

Bias(dB) Scatter(dB)
Type of rain
S-band C-band S-band C-band
Light rain -0.45 -6.12 3.54 3.45
Moderate rain -1.85 -7.32 3.65 3.66
Heavy rain -3.09 -9.50 3.78 3.76
Total =1.72 =7.50 3.70 3.46

Aol Hau kg a9

A AN BE ASAE OF deldE FAT FSBE )

o)

A 9o ¥ E dolR T S-band #HelH = -17.19 dBol A 10.04 dB
2 BFxstdoen, C-band "ol = -20.62 dBoll A 1.84 dB= &+ 3%t}
QAR FE oA 50%2 Bl @ A FZFAF AS5TF FeAE= AT
Aoz FAS FFFEYg H T A= S band #olyrt -228 dB,
d #dele7t -810 dBolh. & M= 25 59 ¢S 7HA, #@eld 7t
FAT Aade HAaREE &+ i, C-band #eolt = S-band ¥
ol Bt Ht el Mo gho] AAM, Bup HAHIITS B
S-band # o]t 9] scattert= C-band @ o]t 9] scatter®tt 7AA A
b A5 Aol g delnrt =4 A= v gheo]l S-band
g olt7F C-band #eoltitt T4 (dolt= FAHT A AL ¢+
Az 53 o] & Al A Hojx EE8HUA R, S-band ]
87} C-band # o]t Bt bias® A gho] © Zto}, S-band #olH 9 #
T o] C-band #oly e et A A o A
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Fig. 15% light rain® Q& EEo|t}. Light rainol A S-band @ °lH
7} SFART FAHrtEE 59 ¥Se 7022% 2 e o, vy
7behE 3lge] Ml & 20.78% % UERETE C-band # o]t 7b A KT
oG riete 85 v&e 9847% 2 JEldow, wgrtee 349
v &2 153%%2 ERyETH

A SFAZE HES A= de deluR FA% F-AE
ol 9zt B Z <olwgtth S-band #@oltE -13.12 dBelA 10.04 dB
2 B¥39 91, C-band #oltl= ~14.11 dBolA 1.84 dBZ E X3¢t}

otz FAS A FEY H A= S-band dolri7b -1.85 dB,
C-band #@ o]y 7} -751 dBoltt. F+ W= BF &9 ZS 74, deldgrt
g0l #A%7FgS WEW ™, C-band d°lt= S-band #l©]

Hro Hatezte] Aol gho] 714 HY 4w 7heks H A
Light rain®lAl S-band #l°]t 2] scatterv= C-band #l o] BT} 7 A
S-band®] 2 %7} C-band®] S AEH T4 (deold=z FAH3 Ay
A% FHAR FSE Aol S dA)oA ol HolHq EEEAIR

S-band #l°]H 7} C-band @o]t Bt} bias9 At gko] =to} -7 9
F7F o tiste] B 2HEA FAF UG
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Fig. 15. Error distribution of (a) S-band and

C-band in light rain
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Fig. 162 moderate rain® L A& X = o]t}. Moderate rain®l A S-band
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Error distribution (S-band)

RadarGauge ratio

0.0$1 01 1 10
1.0 L L - L
Underestimating ! '. (a)
| |
! !
5 [ [
= | |
w3 .
% | |
= [ [
jE; [ |
c | | j=7]
k= c
5 | | =
= [ [ 2
j= | i B
O . w
| | @
1 o
| )
f >
; o
I T
-2 -10 273 1 10
RadarGauge ratio [dB]
Error distribution (C-band)
Radar/Gauge ratio
0.0$1 0.1 1 10
1.0 ' a i I
Underestimating (b)
|
081
E
[
e
E 05
=
s b
c j=7]
k= c
5 044 =
g 3]
£ £
s -
0.2 4 g
o
)
>
o
0o T T

-20 -10 -8.34 i 10
RadarGauge ratio [dB]

Fig. 16. The same as Fig. 15 but for moderate rain
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Fig. 17& heavy rain9 Q2 2AE¥%Eo]t}, S-band #oly 7} +=HAHG
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2005.06.01 07:20 (UT)

Site Name Jindo_Ra a 2
Radar Name Jindo_Ra » Radar Name DWSRS0
Project Name i % T P R
Data Format UF

Range 240 Km L ; Range 240
Range o first gate 0 m 0 e 2 Range to first gate 250
Data gate size 260 m b ; & ] Data gate size

* £

7| KSN Radar

CAPPI(RAIN)
2005.06.01
16:20 (KST)

/| _JNIRadar
CAPPI(RAIN)
2005.06.01
16:20 (KST)

raa M o= o e
B~ s a @ w!

coooo
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ZR coefficient A: 200.0 B: 1.6 ZR coefficient A: 200.0 B: 1.6

Fig. 18. The CAPPI (1.5-km) images of reflectivity and estimated rain
rate by JinDo and KunSan radar at 1620 LST 1 Jun. 2005
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2005.06.01 07:30 (UT)
Site Name Jindo_Ra
Radar Name Jindo_Ra
Project Name
Data Format UF
Latitude of Site 34.470833
Longitude of Site 126.328056
Height of Site 499 m
Range 240 Km
Range to first gate 0 m
Data gate size 250 m
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I ..
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2R coefficient A: 200.0 B: 1.&
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2R coefficient A: 200.0 B: 1.6

2005.06.01 07:30 (UT)
Site Name Kunsan
Radar Name DWSRI0C
Project Name TRMMGTUF
Data Format UF
Latitude of Site 36.009724
Longitude of Site 126785835
Height of Site 230m
Range 24025 Km
Range to first gate 250 m
Data gate size 1000 m
Number of Rays
Total ... Mi
Number
Nyquist velocity. mis
0 mis

a

B2

T KSNRadar

CAPPI(RAIN)
2005.06.01
16:30 (KST)

BB m DR sn oo !

cocoo =

Fig. 19. The same as. Fig. 18 but for at 1630 LST 1 Jun. 2005
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Fig. 20. The same-as Fig. 18 but

for at 1640- LST 1 Jun. 2005
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2005.05.01 07:50 (UT) 5.06.01 07:50 (UT)

Site Name Jindo_Ra £ ame Kunsan
Radar Name Jindo_Ra Radar Name DWSRI0C
Project Name S Project Name TRMMGTUF
Data Format UF L ¢ Data Format UF
Latitude of Site 34470833 e Latitude of Site 36.009724
Longitude of Site 126.328056 : = Longitude of Site 126785835
Height of Site 439 m g s Height of Site 230 m
Range 240 Km Range 24025 Km
Range to first gate 0 m 3 = Range to first gate 250m
Data gate size 250 m 5 3 ’ AR Data gate size 1000 m
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Fig. 21. The same as Fig..18 but for at-1650 LST 1 Jun. 2005
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