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Abstract

Consecutive missing values are likely to occur in long climate data due to system error or defective equipment.
Furthermore, it is difficult to impute missing values. However, these complicated problems can be overcame
by imputing missing values with reference time series. Reference time series must be composed of similar
time series to time series that include missing values. We performed a simulation to compare three missing
imputation methods (the adjusted normal ratio method, the regression method and the IDW method) to
complete the missing values of time series. A comparison of the three missing imputation methods for the
daily mean temperatures at 14 climatological stations indicated that the IDW method was better thanx
others at south seaside stations. We also found the regression method was better than others at most
stations (except south seaside stations).

Keywords: consecutive missing value, missing value imputation, adjusted normal ratio methods, regression
method, IDW method
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e 19049 SHAGBES AZOE BA) 10007 d0] Fi 3% AFARE FAS T 9
th Hr}h 4R 7 FIRE AN olee FAe A FAR) e AR BT AT B5A
otk T} 71 A% AEA FAS G HE AR SATPNN FE £ At A4
A 9F, 27 el 03 5 YACE FZo W] FAT AALBE AEE B of 2
297t 3 WA Bk 58 B35 e w37 2L AL AL 52 YA Bk
QAo AP A AR REE AFAL 540l don, Be 252 2 A0 U
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Me Aot AEHS A2 PO PR (mputation) FO2M FH £4L BE 5 9x, Fuel
£AL A48 S B9 Ul 23 A2E UA @ o)F BF LA 2 24 27 e
Y 5 ATt (Lee, 2003),
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Figure 1.1. Daily mean temperatures with consecutive 3 missings at Gawnaksan(116).

NE5RE A7) A9 B35 A9 Ao ANV Ak AR s Wyt A449 A= FE)
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AAL sk Aegol 22 AU ARAFE B AWEIL BS A0 o 43 2 5 Aok ol
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2.1. £3%E Hreilg YW (adjusted Normal ratio method)

573hi& - Paulhus9h Kohler (1952)7} Al 9Fat Wby o]}, Young (1992)- A&o] £A18H: A

AQH F2AAL o] FAATE ol &dto] MEL 7HA wig WL o]F o83t 7 =

oz 249 Fejo] AFsiulg hHS A kEtth Young (1992)0] A QHet o] WS A H A

TSIE PAolet REAL, 1 E ARol AT AL A BEAAY Aole] JAT 3
WA ZEAA L S ARe HEA w4 (2.2)9 Zo] BT £ Aok

ri(n; — 2 .

““:i—irg)’ i=1,2,... K. (2.2)

AEFe A (2.3)T) o] $39 A3 ol ote] AR AE YA V2 A7 2

of that 2Rzt K79 FRAALY] BSHE 2L 7154 wi g o838t 715 F7To R A

(wiXe1 + w2 Xeo + - + wr Xk ). (2.3)

2.2. 3|7 LB (regression method)
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AL V& SHUSE At o)eh e BN HoA gl o dlSght Akl AlFdAdte
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2.3. IDW 2 (inverse distance weighting method)

IDW 3 & dura9l A2 Mok 5549 715480 250 BT 45 olF HAse B
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Figure 3.1. Best imputation method at 14 stations for each missings case.

147] 7153540 4377 sl o2 ALAA A5 W7 £41 sl 3, 3
7] 9, IDW 2 S 7zt AeAA 2SS A Ao AsEe RMSE ko] Table 3.1 vhe}
LRIt Table 3.18] ZF ]3]l thgk RMSE g2 Ad4 2L a2jst7] flef A8 F(3€-59),
F(6€-89), 7h=(9€-114), A=(12€-29)9] 4Ad & &35t ZF Advitt AAZ oA 4ol A%
2 52 WA A AlgEeld @ Aol ol S, 24 AHEE 474l g RMSE e 37
3 Aytoln, b4 AESE Aow Ve BY 7|HE AFA ZTAEGTE Table 3.1¢) RMSE zrS 4+
bR 03221 o7 399 AFo] BT Ff FAH159), F3E(165), 915(168), FF(156) A1HS] 43
7)ol thefiA= IDW o] 71 Aehe 2o e yepgton), 1 9 Ao tiFE 37 Yol
7V et e yehhth d5A dSo] 49, 549 BeE F4H(159), FE(165), 15(168), Al
T(184), FF(156), =4H(152) A2 g7l i = IDW Uiio] 7P Fehek o= vl
o, 72 9 Al WM 2 371 ¥l 7P A&e Aoz Uity Table 3.19] 71 o)
of Yetile 2 1470 A9 B4 ZIHRMSE)E 2F Jﬂﬁﬁi Aoz 37 W] 7 AEE A
= € 5 Atk o]#3 di= Table 3.28] MAE g& A9jHole FU dE2 ¥& 5 Ut Table
3.22] MAE 7t2 Table 3.19] RMSE 3 upx7iA 2 zF A FEZ 44 2 dist 235 HF3s e
2 MAE #E 71802 F4H159), 532(165), 915(168), AlF(184), F3(156), &4H(152) A Sl
A< IDW o] 7P A8 Aoz yehstal, 1 &) Ao i 3]7] ol 7P A&e A
o= Ueyith
AE# 014 A7} RMSE 37 MAE S 7150 714 A& 2102 Vet 2258
2] AFAA 50 wet SeAeAE AuET] A8 7|FdSadE P AL
ASEY 7IHE A=l ZAIS B 23 Figure 3.13 23t 147 AR T FAK
o5 (168), A5=(184), F(156), &4H(152) AH 53 o] EF sftrtol AAT 7| FdSFa] A+



554

Hee-Kyung Kim, In-Kyeong Kang, Jae-Won Lee, Yung-Seop Lee

Table 3.1. Missing imputation simulation results for daily mean temperatures (RMSE)

. . RMSE
Station Imputation method — — —
3 Missings 4 Missings 5 Missings

Adjusted normal ratio method 0.4909 0.5495 0.5166

Chuncheon .
(101) Regression method 0.3069 0.4822 0.4124
IDW method 0.4497 0.5144 0.5054
Adjusted normal ratio method 0.8976 0.6144 0.7650

Gangneung .
(105) Regression method 0.3635 0.3717 0.2724
IDW method 0.6843 0.5326 0.4379
Adjusted normal ratio method 1.1135 0.5441 0.8759
Seoul(108) Regression method 0.9051 0.3772 0.7005
IDW method 1.1177 0.5052 0.8498
Adjusted normal ratio method 0.7631 0.9590 0.8964
Incheon(112) Regression method 0.3170 0.6719 0.5082
IDW method 0.7843 0.9434 0.9124
Adjusted normal ratio method 0.6877 0.5074 0.4275
Daejeon(133) Regression method 0.6333 0.3707 0.3038
IDW method 0.6390 0.5044 0.4484
Adjusted normal ratio method 1.1112 0.9433 1.2909
Pohang(138) Regression method 0.4314 0.4008 0.6119
IDW method 1.0577 0.8268 1.2607
Adjusted normal ratio method 0.6346 0.5666 0.7604
Busan(159) Regression method 0.6334 0.7146 1.0449
IDW method 0.6191 0.5557 0.6746
Adjusted normal ratio method 0.8065 0.8854 0.5314
Mokpo(165) Regression method 1.0638 1.0275 0.4866
IDW method 0.7244 0.8374 0.4459
Adjusted normal ratio method 0.4456 0.4617 0.5110
Yeosu(168) Regression method 0.5214 0.4602 0.5124
IDW method 0.4174 0.4588 0.4671
Adjusted normal ratio method 0.5185 0.9900 0.5690
Jeju(184) Regression method 0.4719 1.1026 0.6714
IDW method 0.5308 0.9290 0.5620
Adjusted normal ratio method 1.7226 1.9529 1.8331
Daegu(143) Regression method 0.5243 0.9203 0.9945
IDW method 1.6168 1.7777 1.7827
Adjusted normal ratio method 0.5754 0.6829 0.6550
Gwangju(156) Regression method 0.6018 0.7251 0.8050
IDW method 0.5558 0.6508 0.6434
Adjusted normal ratio method 0.6321 0.7052 0.8800
Jeonju(146) Regression method 0.4262 0.4220 0.6655
IDW method 0.7247 0.8089 0.9347
Adjusted normal ratio method 0.4821 0.5374 0.4834
Ulsan(152) Regression method 0.4304 0.5416 0.5287
IDW method 0.5410 0.4852 0.4519
Adjusted normal ratio method 0.7772 0.7786 0.7854
Mean Regression method 0.5450 0.6135 0.6085
IDW method 0.7473 0.7379 0.7412

RMSE = root mean square error.
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Table 3.2. Missing imputation simulation results for daily mean temperatures (MAE)

Station Imputation method — MAE —
3 Missings 4 Missings 5 Missings

Adjusted normal ratio method 0.4649 0.4599 0.4194

Chuncheon .
(101) Regression method 0.2837 0.4115 0.3527
IDW method 0.4302 0.4390 0.4127
Adjusted normal ratio method 0.8665 0.5211 0.7223

Gangneung .
(105) Regression method 0.2861 0.3489 0.2264
IDW method 0.6369 0.4991 0.3700
Adjusted normal ratio method 1.0232 0.4910 0.7423
Seoul(108) Regression method 0.8075 0.2864 0.4573
IDW method 1.0425 0.4598 0.7238
Adjusted normal ratio method 0.7412 0.8855 0.8387
Incheon(112) Regression method 0.2888 0.6014 0.4359
IDW method 0.7525 0.8400 0.8524
Adjusted normal ratio method 0.6522 0.4576 0.3690
Daejeon(133) Regression method 0.6039 0.3066 0.2502
IDW method 0.6127 0.4542 0.3846
Adjusted normal ratio method 1.0740 0.8816 1.1680
Pohang(138) Regression method 0.3388 0.3223 0.5481
IDW method 1.0277 0.7711 1.1523
Adjusted normal ratio method 0.5294 0.4815 0.6514
Busan(159) Regression method 0.5459 0.6611 0.9061
IDW method 0.4979 0.4668 0.5682
Adjusted normal ratio method 0.7204 0.8055 0.4496
Mokpo(165) Regression method 0.9626 0.9145 0.4106
IDW method 0.6331 0.7567 0.3944
Adjusted normal ratio method 0.3573 0.3697 0.4062
Yeosu(168) Regression method 0.4711 0.4014 0.4092
IDW method 0.3509 0.3687 0.3728
Adjusted normal ratio method 0.4956 0.8587 0.4653
Jeju(184) Regression method 0.4015 0.9888 0.5431
IDW method 0.4817 0.8033 0.4571
Adjusted normal ratio method 1.6832 1.8465 1.7049
Daegu(143) Regression method 0.4689 0.6126 0.8660
IDW method 1.5685 1.5133 1.6460
Adjusted normal ratio method 0.4581 0.5808 0.5840
Gwangju(156) Regression method 0.5138 0.6202 0.7306
IDW method 0.4468 0.5499 0.5715
Adjusted normal ratio method 0.5718 0.6295 0.7792
Jeonju(146) Regression method 0.3467 0.3594 0.5253
IDW method 0.6561 0.7351 0.8564
Adjusted normal ratio method 0.3947 0.4701 0.3938
Ulsan(152) Regression method 0.3466 0.4877 0.4520
IDW method 0.4669 0.4319 0.3799
Adjusted normal ratio method 0.7166 0.6956 0.6924
Mean Regression method 0.4761 0.5348 0.5081
IDW method 0.6860 0.6603 0.6530

MAE = mean absolute error.
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IDW o] 7 st Aoz vehga, ¢ sirkE AYe 2 7|EdS a0 Ae AR
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47129 71% A=A FARTG Y AR SAFAGAN AR 2R Ae LD 0F, 53
Ao 1 53} e A0 AZo] WAsk] AT AALBS AEE Lo 7] ojele A9
5 A o) 53] 5 A 13T 22 4AL A5 H ASE AN TA ALt o]Hs A
S Age P ol A5 HANTIH Ao £4L v & i, Yot B4 AFHL 59
T Uk B AFeAME fEvet 712356 o3t AL A Ao BAAYS uf 7MY AEst A5 Ed
7IMe 212 st webA fEvEE i 5 e 7IEASA 14 A 987>t
°% 444 A5E A= WYL, olE 48 BFSuE W, A7 P, DW PEL 485
of BEAAI7l= Al B o|AE st I A3 FE sfietrlel f1x]g A Aol thafA+= IDW o]
M JRE A0 e, BE S AW ool AFA 3 ol e S
vlal st Ao ettt ol g¥d 72l thet 24 dioln, FT A B e V¥
250 AT AlEH S AE8AA oF B 7ol fEvet 71225 tis) &3 59 7
37 SHeA) Belsh B et Ak m=a 2 ATelt FRAALS o §3le] 452 sk
HE sl bR AA T, E55(132) XA o] FRUAHY FARE &8 4 ¢l A7 ek o]
A FRAALE AT 5 Gt B9l HAAE AR BHRD M A7 FF ool Aok &
Aolt).
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