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A Study on the Minimum Period for Estimating
Mean Annual Precipitation
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Kim, Hyeon-jun Kim, Sung Kim, Hyeong-seop Jung, Sung-won

Abstract

Since precipitation is variable with time and space, a mean annual precipitation should be estimated with ad-
equate consideration of their variations. In Korea, the thirty-year period has been widely used to estimate the
mean annual precipitation. However, the reasonability of the period length has not been validated yet. This
paper analyzes this reasonability and seeks for the minimum period for estimating the mean annual precipi-
tation with reasonable accuracy.

For this purpose, thirty-year accumulated moving averages were analyzed for the fourteen weather stations
which have more than forty years of precipitation records, and the mean annual precipitation and standard de-
viation were also calculated by increasing data length from 1993 in reverse time steps with ignoring the missing
period.

The results are as follows :

1. Except Ullung-do and Cheju, the mean of thirty years accumulated moving average of Korea is 1,216mi

and the standard deviation is 27mm, and the trend is stable ;

2. For Ch’up’ungnyong and Cheju, the error of mean annual precipitation for precipitation with less than
thirty percent data period of total data record, is in the range of +2% and the remaining stations need
more than fifty percent data periods of total data record for stable mean annual precipitation ; and

3. For Inch’on, Ch’up’ungnyong, P’ohang, Ulsan and Cheju, the error of mean annual precipitation, for pre-
cipitation with less than thirty years data, is in the range of +2% and the remaining stations need more
than forty years data. For £4% error, thirty years data are enough except Kangnung, Seoul, Taegu and
Ullung-do.

4. The region is divided into central region and southem region except Ullung-do and Chegju. For the central
region, to reduce error of mean annual precipitation from +4% to +2%, about additional twenty percent
of data periods are necessary. But for the southem region, more than twenty percent of data periods are

necessary.
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{Table 1) Number of increased meteorological ob-
servation stations in each period

Period |1900{1910] 192013301940 1950|1960 1370 1980|1990
staton| 4 |2 | 1|2 |5 |[—-(w]|37]8]2

7t NHe BEAANFEH 19933742 Q5
& gzrgo Ry AN F 712HA FAA
£ Aastel (Table 2091 AestAnt 715 713
o] 748 71 AH L BA g o g ggdziel 75
o] glon APFE 1,434.4m, EFAAE 3L

Tmol3 Hh = 2 200.5mo) FHAAE 772
7mo|t} E3 7] ol Asglol Ht ek
o] 744 & - *g Lii}‘1 1,822.2m o) A5
22 A9stan: el 1,746.6m7t AL @

PP Aidgo] Mg Ae ARE 42N

gmmol ™ Bl 2] 56%° £ sieh.

{Table 2) The statistics of annual precipitation of
weather stations operated by Korea
Meteorological Administration

Re- | Mean |Standard )
. . Max. Min.
Code| Station fcords| (mm) |deviation
(om) | (mm)
(yr) (nm)

090 | Sokch’o 26 | 13234 2219 1881.4 9219
095 | Ch'orwon 6 | 1260.7 449.0 21579 971.3
100 | Taegwallyong | 22 | 1667.4 | 403.2 24615 | 11453
101 | Ch'unch’on 28 | 12820 276.0 2009.8 921.6
105 | Kangnung 80 | 13187 293.6 2416.9 7411
106 | Tonghae 2 - - - -

108 | Seoul 82 | 1301.2 326.8 2268.6 633.7
112 | Inch’on 43 | 1136.8 246.4 1927.0 601.3
114 | Wonju 21 1278.8 244.1 2023.5 899.6
115 | Ullung-do 55 | 1328.6 | 281.8 1907.3 769.7
119 | Suwon 30 | 12931 263.5 1938.4 851.4
129 | Sosan 26 | 11949 234.7 1709.3 686.6
130 | Ulchin 22 | 11099 229.7 1550.7 684.4
131 | Ch'ongju 27 | 1206.2 229.1 1676.2 850.2
133 | Tagjon 25 | 134186 254.0 1880.7 921.8




L ziat AMEE Q5 24| 7H0f| TS 41
ety RN o) Vol X A3k
Re- | Mean |Standard . l]]. 701—'1‘7] ] "] A]Z_]__ = H\i 000
Code Station  eords| (mm)} {deviation Max. | Min. L=
() (mm) US|
(yr) ()
135 | Chup'ungnyong | 42 | 11738 | 2164 | 16056 | 7617 i o
136 | Andong 1 | 10568 | 2016 | 13341 | 7093 e Al kgt #slhe golt), Aae Al
138 | P'ohang a4 | 10903 230.: 1583.9 64;.; Aoz 2 Loz vty Ado wat 347} A
140 | Kunsan 2 | 11833 | 2729 | 17692 | 708
F AN & Fro s} ol =71 3 Z=7] A=
143 | Taegu 85 | 997.9 | 2380 | 15646 | 5810 o wrAistx] of= Adol Aevt s At AF
146 | Chonju 75 | 12527 | 3209 | 20744 | 6734 Hog wAsE 3477k oo} B3 A4 A
152 | Uisan 48 | 12835 | 3052 | 20589 | 8323 .
Wao 2 zlo]2 "o V2=gko] B
155 | Masan 9 | 15819 | 4aaa | 23091 | 8238 EHEE & Aolg Helrh gl Hdnn 4
156 | Kwangju 54 | 12972 | 2958 | 19956 | 779.0 R AAY )7} Qe 54 4=gke] Frdo] Fu)
159 | Pusan 89 | 14344 | 3517 | 22005 | 7727
AF HFAEL s o) ol glzro] 7k~ Al 7}
162 | Ch'ungmu 2% | 14212 | 3210 | 20190 | 8467 ol EAshs sl= lrk olgkgo] Fe Al
14| Muan ! - -] - whe shedolaln @ 4 YonE B4 EAS
165 | Mokp'o 88 | 10953 | 2633 | 17511 | 6753 ol T e woals
D 3| M Al7ZFA o) WX AL Al 8}k
168 | Yosu 50 | 13722 | 3233 | 24515 | 7872 JJF_1°M A AT MelPe wME
170 | Wando 21 | 1437.7 | 3564 | 21933 | 898.8 487t U
184 | Cheju 70 | 14263 | 3037 | 24206 | 7745
185 | ChejuUpper | 6 | 1106.1 | 2416 | 15040 | 7463
183 | Sogwip’o 33 | 17884 | 3094 | 32443 | 11458 1.304 FIol=sHT BN
192 | Chinju 24 | 15214 | 3655 | 21918 | 9322 ~ .
AT A= W oo]Akel 147 A Mol 3
201 | Kanghwa 21 | 1289.2 | 2963 | 22978 | 954.1 g 7150l 40 ol gl 1470 AH kel
202 |Yangp'yong | 21 | 12692 | 266.4 | 21469 | 769.0 A7r4ekol 30 wrlo)EHF S BMEYoH 1
203 | Ich'on 21 | 13035 | 2959 | 22314 | 9490 Al S Jeiepey
A5 5 o
211 | Inje 21 | 10726 | 2580 | 16406 | 6699 2%z (Table 3o Hlskaith. 30d= deAe
212 | Hongetion | 21 | 12655 | 2901 | 22513 | sea2 ol-f-& A A7|47| F(WMO) 7 |- o] Agw 7
214 | Sameh'ok 21 | 12480 | 2382 | 17142 | 8948 Gere 28k ) WA 7]700]7] HEo o=
216 | T'aebaek 8 | 13210 | 2119 | 17476 | 10021 TEE TR he 712kl w# ]E}_ gf’:
221 | Chect'on 21 | 12891 | 3013 | 18848 | 7507 o} AFE A9 A= 309 FrlolFHAE
223 | Ch'ungju 21 1160.6 259.2 1840.6 844.4 o ;—;];H_ 121 mm© g;]i A 26 6 i}\i
hon mm mm
226 | Poun 21 | 12254 | 2793 | 18815 | 8417 o A > . 7 & he
232 | onyang 21 | 11893 | 2486 | 17858 | 7120 2 H¥Eo] gl mgoluKFig. 1~Fig. 3 #2).
235 | Taech’on 21 | 12036 | 3084 | 18975 | 7265 g2vo] Aow 30d FrlolEuHFAol the
23 | Puyo 21 | 12950 | 2982 | 21375 | 8296 T o = o e
238 | Kumsan 21 | 12453 | 2446 | 18273 | 7502 Ad e g Zhdhe Ao el 1964
243 | Puan 21 l§§8.2 233.9 137;.4 727.0 J2E 19747119 7447 A1 19641 oA 7}
244 | Imshil 21 | 1337.7 | 2921 | 19121 | 7665
9)
245 | Chongiu 21 | 12132 | 2403 | 16557 | 7684 olF g A Yy A #HHo| i HoR
247 | Namwon 21 [ 13178 | 3173 | 19039 | 8035 =d 71 o] g wAA oldi(Fig. 4 ¥2). 1
248 | Changsu 6 | 13915 | 3442 | 1835.1 | 8503
[} S . = olxlu 13 -
256 | Sungiu 21 | 14733 | 3433 | 21750 | 790.0 ofglo} AR M= tho) zpol= AT 30
260 | Changhung 21 | 14750 | 3557 | 23574 | 8374 7lol=d o HEo] vlwA At}
261 | Haenam 21 | 13243 | 307 | 21387 | 1912
262 | Kohung 21 | 1486.1 | 3552 | 24847 | 9212 3000 5 Korea
265 | Songsanp’o 21 | 18222 | 4532 | 31939 | 1069.8 E
271 | ch’unyang 6 | 11540 | 2198 | 14088 | 8735 25003
272 | Yeongju 21 | 1167.3 | 2365 | 16235 | 667.6 -3
2713 | Chomeh'on | 21 | 11724 | 2347 | 16241 | 7439 < 2000
277 | Yongdok 21 | 10833 | 1640 | 14343 | 7911 g 3
278 | Uisong 21 | 9828 | 1530 | 12887 | 6975 3 15003
219 | Sonsan 21 | 10032 | 2049 | 14133 | 6614 -8 1000
281 | Yongch'on 21 | 10106 | 201.8 | 1349.7 | 695.4 &
284 | Kooh'ang 21 | 12610 | 3277 | 19575 | 689.7 5003
285 | Hapch'on 21 [ 12770 | 3147 | 18540 | 759.8
288 | Miryang 21 | 12400 | 2840 | 16976 | 6248 e
289 | Sanchong 21 | warz1 | 2093 | 20930 | 7588 1900 1910 1920 1930 1940 lYgésgr 1960 1970 1980 1990 2000
24 | koje 21 173411 430.1 ] 304539 | 1217.1 (Fig. 1> Annual precipitation and 30 years accu-
295 | Namhae 21 | 17466 | 3941 | 26516 | 1099.1 .
mulated moving average(Korea)
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(Fig. 2) Annual precipitation and 30 years accu-
mulated moving average(Seoul)
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(Fig. 3) Annual precipitation and 30 years accu-
mulated moving average(Pusan)
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(Fig. 4) Annual precipitation and 30 years accu-
mulated moving average(Ullung-do)
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(Table 3) 30 years accumulated moving average of
each station

Station | Kang- Seoul |Incheon Chup ung, P’ohang
Item nung -yong
Data(yr) -53 57 13 13 14
Mean(mm) | 1290.0 | 1314.4 | 11438 | 11545 | 1090.2
STD(mm) 60.7 445 9.0 12.8 19
Max(mm) | 1397.3 | 14045 | 11639 | 1174.8 | 1109.0
Min.(mn) | 1181.0 | 12555 | 11304 | 11353 | 10777

Station Taegu | Chonju | Ulsan |Kwangju | Pusan
Item
Data(yr) 56 46 19 25 61
Mean(nm) | 988.0 | 12732 | 1277.1 | 13022 | 14169
STD(mn ) 254 305 1.8 34.3 426
Max.(mm) | 10409 | 1319.2 | 13041 | 1350.6 | 1504.4
Min.( mm ) 948.7 | 1209.1 | 12519 [ 12331 1352.7

Station .
Itent Mokpo | Yeosu | Korea |Uliung-doi Cheju
Data(yr) 59 22 60 26 42
Mean(mm) | 1105.4 | 1388.2 | 12156 | 13295 | 1426.8
STD(mm) 214 220 26.6 68.9 16.3
Max(mm) | 1146.4 | 14303 | 1264.7 | 14223 | 1457.0
Min.(mn) | 10615 | 1347.5 | 1173.1 | 11984 | 13866
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{Fig. 7y The percent of minimum periods for the sta-

{Fig. 5) Percent of difference of means and stan- ble mean annual precipitation
dard deviations from the values for the en-
tire series.(Korea) 717k ko] 7} Qltk, o) AL L2 x o} AFE A Y3t
W ER A Gy Aoz TR 4 e,
o] (Table 49} (Fig. 7ol Astch. 5ol F8 Aol ME +4% T A Hedtes
g Ale 2EE T AR AR A AR 1T QBT F5FE T AT VN oxE +
9] 30% welel 717kl 124, 2449 AR¢e R 2%% Zol#| AA A& 7|7+ 20% A= =}
T 42% 931 Wgt Bol on, 11 094 A £ 7178 Fbebd HAN g Ao ME 1o
Ae AH) A7 717e) At o)) Aw 7]ke] Aol Ag 7)7ke] Bad AL 9wt

Ao Ao Uit 5, asdl A4 +

20,9) 580 o] oAw A7 A7 o) 0% (Table 4) Minimum periods for the stable mean

annual precipitation

457k A5 7h 2 g8ttt Error | Record +2% +4%
T3 +2%9] #E&9xk9t +4%9) &0 ¥ Station o) (%) | m [ 9 | (n
oJolo @ WFL k= 7]7ke] xfo 0/ ) al Kangnung 80 69 55 60 48
fA —i [eJR =] :—;Lo}‘\_ ] L"]— X}' ]7]' 20/0 ] 84 Seoul 82 51 42 49 40
ol AHe 74E, Mg, UM, 3%, T, 25 Incheon 3 | 49 [ 21 | 28 | 12
=, AF Sl A AR 20% olgel Ar (Sl o BB
Taegu 85 59 50 47 40
0 Seoul Choniju 75 71 53 21 16
) [TM ] . — Ulsan 48 | 58 | 28 | 33 | 16
6] Hit = Kwangju 54 80 43 50 21
o o] Ll A Pusan 89 56 50 30 21
5,1 \\\ / J;\;v\ Mokpo 88 | 59 | ®2 19 7
5 Yeosu 50 90 45 36 18
PROJ | SURRRINS WS S0 A0S WS SR L N o=V e NI
5 o YOV SRS Korea 60 | 43 | 31 | 1
2,1 AR Ullung-do 55 3 40 67 3
s v W Cheju 10 34 4. | 2% 18
_8q
~ 10 +——rrrrrrrrrrrrrreeererrre e
0 10 20 30 40 50 60 70 80 90 100
No. of Years in advance of 1993 N' 73%
(Fig. 6) Percent of difference of means and stan- ol = 6 i . _
dard deviations from the values for the en- FALA LS v 23 4 Alg AT
tire series.(Seoul) = sEvete] g 2 30d #Hag ol 83
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