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Sampling Error of Areal Average Rainfall due to Radar Partial Coverage
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Abstract

This study estimated the error involved in the areal average rainfall derived from incomplete radar
information due to radar partial coverage of a basin or sub-basin. This study considers the
Han-River Basin as an application example for the rainfall observation using the Ganghwa rain radar.
Among the total of 20 mid-sized sub-basins of the Han-River Basin evaluated in this study, only five
sub-basins are fully covered by the radar and three are totally uncovered. Remaining 12 sub-basins
are partially covered by the radar to result in incomplete radar information available. When only
partial radar information is available, the sampling error decreases proportional to the size of the radar
coverage, which also varies depending on the number of clusters. Conditioned that the total area
coverage remains the same, the sampling error decreases as the number of clusters increases. This
study estimated the sampling error of the areal average rainfall of partially-covered mid-sized
sub-basins of the Han- River Basin, and the results show that the sampling error could be at least

several % to maximum tens % depending on the relative coverage area.
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Table 2. Square Root of Dimensionless Error Variance V at z, x L, =10x10 km?

S N=1 N=2 N=4 N=28 N=10 N=40 N=100
a(=b)
1 0.052870 0.037471 0.026618 0.018993 0.017064 0.009083 0.006386
2 0.047784 0.034129 0.024607 0.018052 0.016430 0.010108 0.008283
3 0.042238 0.030595 0.022629 0.017322 0.016052 0.011422 0.010248
4 0.036388 0.026901 0.020579 0.016534 0.015600 0.012381 0.011631
5 0.030346 0.023001 0.018252 0.015335 0.014683 0.012522 0.012044
6 0.024201 0.018828 0.015456 0.013456 0.013020 0.011612 0.011309
7 0.018027 0.014371 0.012137 0.010848 0.010572 0.009695 0.009510
8 0.011894 0.009688 0.008370 0.007625 0.007467 0.006973 0.006870
9 0.005865 0.004866 0.004279 0.003954 0.003885 0.003673 0.003629
Table 3. Square Root of Dimensionless Error Variance 1/ at , x L, =20x20 km?
N
— N=1 N=2 N=10 N=40 N=280 N=100 N=400
a(=b)
1 0.103230 0.073044 0.032845 0.016753 0.012151 0.011002 0.006421
2 0.099289 0.070410 0.032203 0.017376 0.013395 0.012447 0.009023
3 0.094832 0.067514 0.031783 0.018572 0.015299 0.014556 0.012056
4 0.089996 0.064449 0.031578 0.020134 0.017513 0.016941 0.015093
5 0.084869 0.061267 0.031533 0.021840 0.019768 0.019326 0.017938
6 0.079518 0.057996 0.031558 0.023493 0.021862 0.021521 0.020464
7 0.073993 0.054643 0.031536 0.024924 0.023642 0.023378 0.022565
8 0.068335 0.051198 0.031345 0.025985 0.024981 0.024775 0.024147
9 0.062578 0.047640 0.030860 0.026559 0.025772 0.025612 0.025125
10 0.056755 0.043942 0.029978 0.026555 0.025940 0.025816 0.025438
19 0.005248 0.004592 0.003989 0.003866 0.003845 0.003841 0.003828
Table 4. Square Root of Dimensionless Error Variance 1 at z, x L, =40x40 km?
N
ﬁ N=1 N=2 N=10 N=40 N=100 N=400 | N=1,600
1 0.244635 0.173010 0.077469 0.038916 0.024840 0.012974 0.007493
2 0.241000 0.170524 0.076655 0.039058 0.025602 0.014847 0.010568
3 0.236572 0.167536 0.075827 0.039560 0.026983 0.017596 0.014317
4 0.231560 0.164198 0.075060 0.040437 0.028903 0.020869 0.018317
5 0.226095 0.160607 0.074399 0.041671 0.031253 0.024432 0.022404
6 0.220273 0.156832 0.073872 0.043225 0.033921 0.028139 0.026497
7 0.214167 0.152925 0.073492 0.045043 0.036802 0.031894 0.030543
8 0.207829 0.148925 0.073260 0.047063 0.039806 0.035627 0.034503
9 0.201308 0.144863 0.073167 0.049219 0.042853 0.039284 0.038340
10 0.194638 0.140760 0.073193 0.051446 0.045875 0.042819 0.042021
20 0.124829 0.098708 0.071218 0.064777 0.063411 0.062716 0.062541
30 0.057765 0.050398 0.043618 0.042225 0.041941 0.041799 0.041763
39 0.005198 0.004784 0.004425 0.004354 0.004340 0.004333 0.004331
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Table 5. Square Root of Dimensionless Error Variance V at , x L, =80x80 km?

T]\;) N=1 N=10 N=100 N=400 | N=1,600 | N=3,600 | N= 6,400
1 2.324946 0.735278 0.232727 0.116718 0.059062 0.040143 0.030896
2 2.306138 0.729547 0.231592 0.117266 0.061486 0.043978 0.035886
3 2.280941 0.721959 0.230391 0.118611 0.065693 0.050094 0.043328
4 2.251103 0.713095 0.229369 0.120908 0.071561 0.057984 0.052407
5 2.217739 0.703328 0.228694 0.124244 0.078871 0.067186 0.062583
6 2.181647 0.692932 0.228501 0.128650 0.087380 0.077358 0.073528
7 2143427 0.682122 0.228895 0.134107 0.096864 0.088259 0.085042
8 2.103542 0.671070 0.229955 0.140564 0.107135 0.099722 0.096994
9 2.062369 0.659917 0.231739 0.147943 0.118039 0.111626 0.109292

10 2.020212 0.648784 0.234280 0.156154 0.129455 0.123880 0.121869
20 1.584548 0.555300 0.296841 0.264124 0.255290 0.253620 0.253033
30 1.182020 0.510150 0.382832 0.370252 0.367039 0.366441 0.366232
40 0.838430 0.473999 0.420531 0.415765 0.414565 0.414342 0.414264
50 0.553146 0.388758 0.368305 0.366549 0.366109 0.366027 0.365999
60 0.320216 0.259871 0.253046 0.252469 0.252324 0.252298 0.252288
70 0.135450 0.120953 0.119406 0.119277 0.119244 0.119238 0.119236
79 0.011130 0.010555 0.010496 0.010491 0.010490 0.010490 0.010490
1

—eax—b 1x1 —E'aib 8x8
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Fig. 2. Square Root of Dimensionless Error Variance V with Respect to N
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Legend
[ imiin River Basin

[ Hen River Basin
[7777] Beam Coverage

Legend
[ miin River Badn
[ Hsn River Basin
[7777) Beam Coverage

(a) Radar angle 0.5°

(b) Radar angle 1.0°

Fig. 4. Coverage of Ganghwa Radar Area the Han and Imjin River Basin

Table 6. Beam-blocking Coverage of Ganghwa Radar (Radar Angle 0.5°)

hm G |
Fig. 5. Sub-basin Number Used for the Flood
Warning System of the Han and Imjin
River Basin

554

Coverage of Ganghwa Radar Han and Imjin River Basin
Beam Blocking Beam Coverage Beam Blocking Beam 'Covera.ge
T (effective basin)
e
P Area Blocking Area Coverage Area Blocking Area Coverage
Ratio Ratio Ratio Ratio
(km?) (%) (km?) (%) (km?) (%) (km?) (%)
Value 54757.0 43.58 70915.7 56.42 8708.6 25.31 21485.7 62.43
W - : _—
-J.' ."r..'l , “; 5 | I_,egon:l | —
Iy | W o] & 96.7%7} A7 o] AR REE= WAL A
/ >, WA 2] 33%9 °F 69 km?ol Eatsir. EH 50 £
ol pEREe] A F e wPoR olFelA glo
DR #5905 NS 2% /S 4 gl webd 59
2ol Aew A Bdde 40x40 km*el s

507 km*e] WAE 7= Azt 20 #5257} 7+
gt 9ol 7hd gt whEbA] Table 40 9J3HA o]
o] BZ0 A= 1606% A=l Hutk ol¢h fALSHA
#= gl gl 2712 20x20 km?ebal 7Hgska 5.0°
km? Az} 271 #EAE7F EA ST olue] #HEQ
2H= 6.12%7F Btk Table 3). &, W& o] 386% km*Sl 5
W o] thREel 9674%7) AHEE AS 71gs
Ang olgste] FAT WAPIAT-9

6.122%H Tk =31 16.09%¢°l 33 ghol 2 Aol

= =L -
w52 =

BEKBARBEERNE



Table 7. Square Root of Dimensionless Error Variance 17 of the Han and Imjin River Basin

Area (km?) ez Range of V (%)
Sub-basin blocking No. of L, ¥ L,
No. Basih Beam ratio clusters* L < 1L Ly X Ly Ly X Ly — 80%80
blocking (9) = 10x10 km? | = 20x20 km?® | = 40x40 km? N
0 km!
0 49.5% 49.5% 100.00 0 - - 0 oo
1 42.1% 42.1% 100.00 0 - - 0 o0
2 49.8% 345 47.94 1" - - > 6.41 << 36.29
3 40.2% 0.0% 0.00 1 - - 0.00 0.00
4 22.9? 1.12 0.26 1 - > 0.52 << 0.52 -
5 38.6 38.0% 96.74 2 - >> 6.12 < 16.06 -
6 45.5% 29.12 40.98 1 - - > 05.15 << 29.96
7 48.8* 0.0% 0.00 1 - - 0.00 0.00
8 30.7% 0.0? 0.00 1 - 0.00 0.00 -
9 39.82 0.0% 0.00 1 - 0.00 0.00 -
10 30.5? 0.0? 0.00 1 - 0.00 0.00 -
11 43.0% 18.0% 17.53 1 - - > 2.16 << 894
12 26.9 11.5? 18.35 1 - > 1.06 << 2.16 -
13 39.6 36.2% 83.66 1" - >> 6.83 < 15.30 -
14 27.6 24.5° 79.18 1 - > 6.26 << 13.89 -
15 23.7* 7.1% 8.93 1" - > 0.52 << 1.05 -
16 6.6% 6.6% 100.00 0 ) ) - -
17 39.22 27 .42 48.82 4 - >> 417 < 9.59 -
18 28.7° 20.7* 51.94 2 - > 4.39 << 9.87 -
19 46.9* 30.0? 40.90 2 - - > 897 << 60.24
20 46.8* 20.8% 19.80 2' - - > 755 < 45.03
21 48.4* 2.62 0.28 1 - - > 0.52 << 1.11
22 37.6 14.5? 14.78 2' - >> 3.19 < 7.06 -
23 12.12 5.7% 22.22 2 > 1.88 << 361 - -

# () © where the beam blocking occurs over the whole sub-basin

1 : where the beam covers the whole sub-basin

n
¥
n

= Ao SAAlt AR o, of
9 497k A 5 Qe A Ee FaTze) 3
ool WA dBE WA & o7l Wolth of
gel 8@ dolt Are w9 Ul TANZ 9N
Aol ohle gk 2 EHL olFm Y YPoluz
HE BAE wgE 5 s sl

B oATE WY 90 FSuE) 45 doldE
o1 ghs A9 A8 o Aungth 5 del
2rqoR g Koo FrAAnE s 25

B4 59 20084 5H

: where n clusters of beam cover the partial area of the sub-basin
© where n major clusters along with minor ones of beam cover the partial area of the sub-basin

o #5FYe] I FoS st Yo 1
o 7t 7Hed Adew gukdEh 2y 343} g
olt]= i & dd] EEeA Rabr, of2y
AR fo] Bee AFEAR Qe FEHQ ol
 grnte] 7hgE ol 2 AFtelM e I

A8 B3 e AFAE PA7F Aok el 127)
o 2fge PR doly guuel 1§d 7
Ak,
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2 E 24 el et exte] Rt deb)
Ak AT BEUHY o= Bol A AeF
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W el Aol B3t Aot FIARE ol g3k
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