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Abstract

The amount and continuity of precipitation data used in a hydrological analysis may exert a big
influence on the reliability of the analysis. It is a fundamental process to estimate the missing data
caused by such as a breakdown of the rainfall recording machine or to expand a short period of rainfall
data. In this study a linear programming method treated as a data-driven approach for estimating the
missing rainfall data is compared with seven other methods widely used and its superiority is certified.
The data used in this research are annual precipitation ones during 17 years at the Cheolwon station
including an ungauged period of 15 years and its five surrounding stations. By use of this certified
method the ungauged precipitation values at the Cheolweon station are estimated and the areal averages
of annual precipitation data for 32 years at the Han River basin are calculated.

Keywords : Unguaged precipitation, Missing data estimation, Data-driven, Linear programming
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Table 1. Descriptions of Symbols for Methods Applied in this Study

Mark

Description

' |data

Weighting factor or factor of contribution for the index station 7 to the base station having missing

Dji |Precipitation amount value at the jth time observed at the index station 7

P.j |Precipitation amount value at the jth time observed at the base station having missing data

U; |Nonnegative slack variable for the sth precipitation event needed in the linear programming method

V: |Nonnegative surplus variable for the 7th precipitation event needed in the linear programming method

m |Number of the index stations (5 in this study)

n  |Number of the precipitation events (17 in this study)

M, |Normal precipitation at the base station (Cheolweon station in this study)

M; |Normal precipitation at the index station 7

;| Distance between the base station and the index station 7

(2 used in this study)

b Constant value by which the distance is weighted. Normally the value may vary from 1.5 to 2.0

;| Elevation difference between the base station and the index station 7

Duj Precipitation value at the jth time estimated at the base station

A Lagrange multiplier for the Lagrangian function

st

of A WEE serdth WA Hg el

28] 715 Table 13} 2t}

H

2.1 MEAEY

215718 (Linear Programming, LP)¥H-2 5434 Eq.

(1a)e} AleFx7 Egs. (1b) and (1c) & YERE 4= Atk

Mi

)gl” C X, (1a)
st. A, X, = B, (1b)
X, >0 (1c)

47214 €, =[0...01...1], A, =

P11 P12 Py 1 =1 0 0~
P21 P22 -+ P2, 0 O —11 -+

pnlpn2~~'pnm0 0
1 1..100
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dA248] (Normal Ratio, NR)HS th2- Eq. (3)3 %
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Jj=12,...n ®)

J=12..n (6)

18 3]9) 24 (Linear Regression Analysis, LRA)H-&

Eqs. (7a) and (7h)9} o] @&4)ow vepd 4 it
A X, =B, (Ta)
P11 P12 - Pim
P21 P22 --- Pom
A7l A4, = | ]
Pn1 Pn2 -+ Pom
X =lc; ¢y c,)0 B, =[ps1psa-r Punl” ©lTh

ol W A% W X, 2 T Eq. (Th)eh o] At

=[A4,74,17"A"B, (7h)
agn =AY (Kriging Method, KM)ell  whe}A
BEH e} FRBZAol g AR Holdf tigh 7]

)] (Expectation, £)7} #43} H=2 A2 sshd v
+ Eags. (8a)~ (8b)e} 2t}

Min  E[(Yepi—p,)*] (8a)
=1
st Y,¢—1=0 (&b)
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2 e de & Utk
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Fig. 1. Meteorological Station in Thiessen
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Remark > Data Correction of Cheolweon in 2003 : 1249.6—1718.3

Fig. 2. Ungauged Annual Precipitation at Han
River Basin (MLTM, 2008)

Table 2. Spatial Informations of Meteorological Observation Stations

Station Cheolweon Seoul Chuncheon Hongcheon | Yangpyeong Inje
East longitude 127°18 "0 126°58 "4 7 | 127°44 7167 | 127°52 57" | 127°29 "48 " | 128°10 9"
North latitude 38°9°0" 37°34°77 37°53 60”7 | 37°40 ‘51”7 37°29°9” 38°37267
Distance (Km) Origin 714 48.0 73.8 76.2 78.2
Elevation (EL.m) 152.4 85.5 76.8 140.6 49 198.6
Table 3. Comparison between Observed Data and Estimated Values at Cheolweon Station
Year Observed Estimated values by 8 methods (mm)
data AA NR MNR 1D MID LRA KM LP
1988 971.3 826.7 8225 8775 831.9 801.0 944.7 867.6 970.6
1989 1283.4 1291.3 1279.2 1268.0 1279.9 1192.7 12339 1280.7 1282.1
1990 2192.8 21489 2126.9 2119.6 2140.8 2010.7 2055.4 2125.2 21355
1991 994.6 1163.5 1148.7 1185.7 1198.8 1047.0 1177.8 1181.7 1262.7
1992 1120.0 1258.6 1248.9 1218.1 1228.6 1210.0 1171.3 1227.6 1185.9
1993 1094.4 1194.3 1186.4 1181.4 1189.9 11579 1155.3 1182.3 1180.8
1994 1140.3 963.3 933.7 950.8 960.1 895.7 925.3 955.4 962.8
1995 1534.4 1564.5 1556.6 1564.1 1573.3 1511.0 1553.0 1567.9 1594.3
1996 1374.6 1103.0 1094.3 1117.1 1125.9 1042.5 11716 1122.6 1181.9
1997 1202.8 1291.5 12945 1256.4 1257.2 1306.8 1177.7 1267.1 1201.5
1998 1652.8 1827.9 1806.2 1792.0 1812.8 1657.7 1829.8 1822.7 1846.3
1999 1679.6 1596.2 1590.0 1589.4 1597.7 1586.2 1603.9 1591.7 1600.2
2000 1125.2 1117.4 1114.3 1123.3 1128.2 1136.1 1148.0 1118.1 1135.1
2001 12776 1104.9 1091.6 1101.0 1113.7 1030.3 11425 1107.0 1144.2
2002 1289.3 1301.5 1295.7 1268.7 1276.2 1279.2 1215.0 1274.9 1233.9
2003 1718.3 1876.7 1866.3 1867.3 1879.4 1835.2 1860.7 1868.8 1883.0
2004 1249.6 1431.6 1425.3 1420.7 1428.6 1426.2 1400.3 1417.6 1412.1
AV 1347.1 1356.6 1347.1 1347.1 1357.2 13015 1339.2 1351.7 1365.5
SD 317.0 3475 344.2 336.2 339.6 330.2 3275 339.6 333.9
CC Datum 0.914 0.913 0.918 0.919 0.897 0.924 0918 0.921
RMSE Datum 137.3 136.5 129.4 130.5 149.8 122.4 1305 1277
MAE Datum 115.45 114.39 108.09 108.08 118.42 102.86 109.39 100.58
MRE Datum 0.0912 0.0901 0.0845 0.0848 0.0916 0.0778 0.0855 0.0775
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Fig. 3. Trajectories of Estimation and History of Observation Data at Cheolweon Station

Table 4. Best 4 among the Results in 6 Criteria by 8 Methods

Mark Best 4
Order 1 2 3 4
AV AA MNR KM LRA
SD LRA MID LP MNR
Performance CC LRA LP ID KM
Measurement RMSE LRA LP MNR KM
MAE LP LRA D KM
MRE LP LRA MNR KM
Table 5. Results of Weighting Coefficients by 3 Methods (LRA, KM and LP)

Station Seoul Chuncheon Hongcheon Yangpyeong Inje
Mark c Cy C3 ¢y cs
LRA 0.275 0.681 -0.063 -0.026 0.122
KM 0.253 0.707 -0.101 -0.014 0.155
LP 0.179 0.685 0.000 0.121 0.014
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Table 594 HE nel o] MAA & Mol <J3)A 7 DS ugshd dGARYol P AT =
AEE AFE SFAE B Gkt ol ey : 1

Fol Aok £OR g4Vt HA GEE & A 187
[e]

a4 W zakch Clge! d et WAZ AR e A5 Table 63
Foltt. o] A= FH AFAES] AUt 25 ¥S 2t} ole}k o] Ao WA B BAFgowA
2ol F= 9P ARE UeEz S549] or= Am AE 17delA 32d 1973 ~2004 ) o2 473t
FH A520 Aert Sk NE T4 154 Atk o5 wlgoZ Thiessend (ASCE, 1996)< ©]&
A7t sk AR 58S F97) ol s ahd 32zt @7 el Ayt A% Table 63}
o el = BF4 ol o9 B AR =eHe Al A% A= 1315 mm7t frk
2 gasith old o] Agvt AR 2
ARl o3k Avtell A FAEJonr HPA o] o 4. 8 B
s el o] ek

27 Best 45 AAT Aupell A A3 7) 244 3} B Ao A S wedts AHRT-s (Data-

Table 6. Annual Areal-Average Precipitation Data for 32 Years in Han River Basin Expanded by this Method

Station S}IJ]:SL Seoul EE::H Weonju Sﬁ:fn 7;712ig Icheon | Inje 1}{2% Chungju ?:553;; Total
Thr‘:;ze” 0279 | 0102 | 0057 | 0047 | 0052 | 0048 | 0047 | 0121 | 0.09 0.077 0.08 1.000
Year 1973 979 928 985 956 956 | 1061 | 1181 719 751 880 1145 939

1974 1133 | 1251 1103 | 1161 1137 | 1158 | 1183 982 | 1162 1031 1265 | 1135
1975 1253 | 1067 | 1301 | 1313 1223 | 1281 | 1315 | 1162 | 1210 1171 1797 | 1265
1976 1084 | 1110 | 1072 | 1273 1240 | 1131 | 1235 | 1008 926 1069 153 | 1124
1977 977 | 1148 937 | 1092 1001 975 | 1031 823 | 1029 847 17 993
1978 1206 | 1161 | 1348 | 1243 1342 | 1215 | 1138 | 1301 | 1436 1348 1605 | 1316
1979 1337 | 1279 | 1384 | 137 121 | 1181 | 1374 | 1183 | 1406 1234 1193 | 1287
1980 1085 | 1242 | 1038 | 1383 1151 | 1149 | 1441 884 | 1651 1355 1626 | 1226
1981 1547 | 1216 | 1631 | 1381 1635 | 1576 | 1446 | 1511 | 1276 980 1530 | 1438
1982 972 949 928 900 1038 | 1258 955 | 1000 850 823 1253 983
1983 1162 | 1205 | 1154 | 1182 1030 | 1183 949 912 | 1024 906 1270 | 1097
1984 1335 | 1250 | 1342 | 1463 1493 | 1416 | 1199 | 1469 | 1235 1087 1699 | 1356
1985 1270 | 1545 | 1192 | 1290 1365 | 1341 | 1403 | 1093 | 1358 1300 1745 | 1337
1986 1077 | 1247 | 1022 | 1181 1058 | 1165 | 1194 943 | 1176 975 476 | 1122
1987 1498 | 1751 1440 | 1663 1357 | 1498 | 1870 | 1256 | 1873 1359 1591 1540
1988 971 763 | 1068 967 864 769 | 1012 670 | 1307 873 1971 | 1008
1989 1282 | 1437 | 1219 | 1274 1305 | 1447 | 1452 | 1048 | 1575 1399 2194 | 1391
1990 2136 | 2356 | 2069 | 2068 2375 | 2255 | 2313 | 1690 | 1928 1835 2317 | 2096
1991 1263 | 1158 | 1298 | 1304 1323 | 1287 | 1379 752 | 1343 1413 2462 | 1319
1992 1186 | 1455 | 1102 | 1185 1326 | 1282 | 1207 | 1129 | 1108 917 2188 | 1267
1993 1181 1271 159 | 1262 1293 | 1194 | 1250 | 1054 | 1497 1146 2351 1306
1994 963 | 1056 931 | 1126 1032 | 1038 | 1119 760 | 1199 1091 1444 | 1038
1995 1594 | 1599 | 1593 | 1318 1598 | 1630 | 1424 | 1402 | 1448 1223 1338 | 1490
1996 1182 | 1257 | 1186 | 1053 1057 | 1089 | 1122 927 987 933 1439 | 1123
1997 1201 | 1210 | 1155 | 1438 1235 | 1437 | 1283 | 1421 | 1385 1220 1761 | 1317
1998 1846 | 2349 | 1708 | 1451 1683 | 1949 | 1808 | 1451 | 1581 1653 2008 | 1871
1999 1600 | 1733 | 1587 | 1615 1625 | 1499 | 1675 | 1537 | 1453 1298 2199 | 1617
2000 135 | 1187 | 1155 | 1229 1184 960 | 1265 | 1102 | 1149 1270 1550 | 1188
2001 1144 | 1386 | 1108 776 1136 | 1034 885 861 849 798 1552 | 1077
2002 1234 | 1388 | 1178 | 1482 1366 | 1333 | 1395 | 1243 | 1500 1470 2608 | 1438
2003 1883 | 2012 | 1866 | 1745 1974 | 1826 | 1715 | 1706 | 1877 1641 2685 | 1906
2004 1412 | 1499 | 1404 | 1425 1557 | 1348 | 1177 | 1350 | 1631 1425 1816 | 1460
Average | 1288 | 1358 | 1271 | 1299 1318 | 1311 | 1325 | 1136 | 1318 1187 1777 | 1315
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