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ABSTRACT

Traffic volume data is basic information that is used in a wide variety of fields. Existing missing traffic volume data
imputation method did not take the effect on the rainfall. This research analyzed considering of the rainfall effect in missing
traffic volume data imputation method. In order to consider the effect of rainfall, established the following assumption. When
missing of traffic volume data generated in rainy days it would be more accurate to use only the traffic volume data of the past
rainy days. To confirm this assumption, compared for accuracy of imputed results at three kinds of imputation
method(Unconditional Mean, Auto Regression, Expectation-Maximization Algorithm). The analysis results, the case on
consideration of the rainfall effect was more low error occurred.

Key words : Traffic volume data imputation, Rainfall, Cluster Analysis, T-test, MAPE, Unconditional Mean, Auto Regression,
Expectation-Maximization Algorithm.
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FRINETAE EY UM 2ol P& 1
% 2%~71%c e #ZF35Th[6] d usd A8 T8 F 7HA HAYHEY
vz T2 8 H < Highway Capacity Manual JE4=E Frislath AdE 32 A4 459 &
(010)(HCMQO10) A E T&EEZ FholA 725 U3 Fo| FUF 2Y ARE HAYWSFE AL3}
o} AAN £59 RO §7Fo] TAITIL AA + Factor 23 % #AY AEE AHEstE H 2ol
st ok olF ZAfol W WE&E AuRd, 7} FHE A5 o w2 VEAE FE AFolEH
M 9 A SEE 2~14% FAsht B2 F 232 AT Wt YPOE dunh AHER
% ot glon, g2 A9y ASEEE S A 71E2 AHAYg WEE 2A<%  APE(Absolute
~17%, €% 1528 % Zadtha AA AT Percent Erron) & A&t + ¥ F AgolH
HA (1999 EE&uEE0] B3l A 715 o BYo| § F2 BAAE At AN
o 2 AFHF 54 BAHY F8 AREe th[12]
AR S AARY AFFHo| FAsHH, Ming Zhong(2009)°] 20093l &3+ & Fol A
Al BEFES oF 200t/lane AE ZABT & 7129 AT FUa mARNEse) Aus
= A#}E 2598 £ APEE 7|Z0 % Hrlagt. © 7|2dT3de
A382008)0] AT ANF FFo] E O2A F /M9 RAYHEES Hlustglon, 7
O AEREH 59 ¥IE AYRYTY. FF o] PHESHEY /A" PHESC 9 AF3
of metA Hd wFFEY WIE AFRYoH, BAAE AEdda @ristdd. 53 71 9
T W3S 106%~24%7F s AR A A BEL oy AHY T2A & HYY AFE02%
SFATH9] ~20%)E BAoH, 45 A AT F gle &
U T2 EFALQINE LEERE 7| RETE T2 A7t g4 vk @ A&7 ofH e
S U E B9 Ay Z24FS SR Aolghe A WRTH[13]
TFEste] O AEE AASAT AfFel F7t AA82004)0] ATE = 35H F 3 A A
G548 E AALET 5558 E2EFL Pad) M FE LEFARE R wEFARY 7
o, JPHE 28 FAEL 35%~19.1%2 A gA tASE P g dFolth A& /1%t
Astath A AS AdFe was Al BEH, IARY, EM  Algorithm, AAEEE
AEHFY HF5ASEI dAasga AAsT 9l (Autoregressive integrated moving average : ARIMA)
on, AY#HS wFFY FaEe AP o olgA 7}A RAYHEESY AHIEE H7IEIS
13.1%0 A 327%7H A e ASE A A TH[10] o A EEA 7]F0 8= MAPE, RMSE 52 A
st on, ¥7H243% ARIMARE O] 7Hd £& &
2. MEEHN ATAL F5E B Aoz B3 [14]
AR A2006)0 EAYHEES g FES <
Conklin(2004)2] ATolM= wETF, £5, A& AA S Bz oA BLuA o THE
ol A7 rAHYE W, o1 RAYUEEE B8 qon usczoy 478 25IALE g
el 2 ARES BIARG AHELA JIES 5 4 ywso guEe g 2429 o
2 MAPE (Mean Absolute Percent Error)2} RMSE g Bewo] o AR5} o Aoz A
(Root Mean Squared Erron)& A3l % 770¢] S TH[15] S oH00NE] AT AFAAL B
HARYESS MARAFAOR, 01§ EM Algo-  uy 4157 nae o gste] eane] BAA
thm Bl 7HE TE HBAST AFHANL Ay 5 yucg pasgY ABAAY 2HS 3
ABFRTIL] Neze) A% wAR AR} Seracis
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NEATFESY =T 48 EFAHE AR
W 2747 A 1A 8 ERIAESE
EZASA R, FAAT oM E 3 FHOE T
Bals Aol gwrAl Aot gk £ A7
AME dutmEo A #SE = AFEFd & F
o] BFHE EAR, AN, B3R MAsa, w
SEFAET £39 967 AHEY nFERE &
3y BEFE 98t K-mean +HEA LS £33 T

THEA L K-meanHH(KE 302 AA)S o] &
AT THEAC AHE3 HFE AADT(Annual
Average Daily Traffic), AAIANZ A5XK30), €84

A%, FAEAS, FRHLEF

, A5, WE

o

5 so= A
o S Eeior e gelt ol 2 ARuge Aot e <E 123 2tk
o siH B AFME S AT} 7}
A e AFEAe AR Bt dwtar9 (E 1) ZEIMo| AS8 dHus Fo
AL ogugdo ns2re g 2719 7R (table 1) Variables used in cluster analysis
2o A= TEEA, 1EIFTRY ¢ Be Variables ]?eﬁnition
o - o o Crorat Aol o= AADT |Annual Average Daily Traffic
AGEE A7) e b5 G Feef ag K30 is the proportion of AADT occurring at
EXNS 7IAD Y Ao E dHA Q) o)H Yuk K30 |the 30th highest hour of traffic density from
FEEe] LEEHL wAT] sl £ ATolA fhe yony e of
= ool = omo mes 5 o Sunday |Sunday Factor is the proportion of AADT
= Y= Ee nEEAHEE ¥ BRT ¥, 4 Factor |occurring at the Sunday traffic volume.
SEHE gEAAEE A= S AFRs4 T Holiday Holida.y Factor is -the proportion of AADT
gtz s o] ZEEAN B S8 BHEd o Factor ﬁzur:;l; at the Holiday season (July-August to
S dAFE FE] Yo gk WEH(1999) Daytime |Daytime Traffic Ratio is the proportion of
9 AFgME dHtaEY EFE F 1E AN Traffic |AADT occurring at Daytime(7:00 to 19:00)
- - Ratio (%) |traffic.
=l 9o 7} B2 2t)o AL Aol Al 5]
shal o & BTl 7HIE Aeds A Calculate the average time traffic each time for
A Fsta lues @AM EART 9] AR 1 year.
0o £zl THER AANDASS gl FekcHor|Choo e et avmgetime
tio (% AT,
3 2 5= ) Bn=
B A7E AYshe A ANA == 2/ Thereafter, Peak-Hour Ratio is the proportion of
S SAARRBF-GR o]FA Moz FR AADT at the LATLT.
3Ath20] YAEH008)2] ATANE EHRYL cv. The variation coefficient of the day traffic
volume.
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CUDSYRE BYYHIM YR Y 1
(F 2) O8Y dYss gyt
(table 2) Average variables by group
AADT K30 . Daytime traffic| Peak-Hour Number of
Clust Sunday Fact Holiday Factor . . C.V.
uster (veh/day) (%) uncay Factor | Holday Facto ratio (%) Ratio (%) spot
1 8,020 13.13 94.75 110.56 81.40 8.78 18.08 269
5,963 20.45 123.76 148.39 82.99 9.24 37.27 76
3 27917 10.91 95.70 107.87 75.92 7.96 14.89 151
74y AE el BBY HE P 2RNe @ AT o old RBEAS f3E 2
Ayt =29 2719 QS E K-mean 73 £4 o, 28 152 @35 Aoz AdHn. npAw
< FHAT. Y Fe G BEATY HE o= 39 IFY A% 7MY B2 AADTE 7HA L
A ded SAFALR AR olgA e A Aom, wsd WEy #dd Ay Wegd v
Stk FRRAAS 7 a§ER T3E A¥e]  ve ¢ B T 4 Uk mekd 3 aFe =
Fo 1M 259 A 2697 A o] Z3HEA ANREZ B
on}, 29 IFL 7674 AHoln], HA o 3 THENe ARE WP 7 KM AP
2FE 151709 Aol 2 IFWE APWSE  IFY SHS 2 wgsts AHSL 34YA 49
o Bge 99 <& 2>9 2ok A4 1H 159 sto] B4R AdAsith B4 Ad A4
A% BE 4YNSEe Rl A 189 FU  /1FS 4 189 LF EHS T BYsteA oy
of AAFL Y AL HA T 5 A, o 1 9 FYY FY A% FEE 5 F3Yo] B3
WO A OF T Y 542 7HAe AW A o Foltk
2o E42 /AT e AOE BT 28 1 FRE 579 A5 BZARE BRI 9
2 M8 e AADTG36 TS 7HT Yo Fo S BYF FUY TES TeF 2L A
W, REFS WER BAD FEL AY A B 0F Uyt FUYL 893 dode] AEo
(E 3) 24X|He| usEd
(table 3) Variables of analysis spot
. . . Weekdays .
Analysis Cluster AADT K30 Sunday Holiday Daytime Peak-Hour cv (day) Holiday (day)
spot (veh/day) (%) Factor Factor | traffic ratio (%) | Ratio (%) (vain/total) (rain/total)
9,024 15.31 115.47 111.32 81.42 8.90 20.98 50/156 12/110
1 Rural —— = - - — —
3 g A-HFE2A | Line 19 / Miwon-ri, Miwon-myeon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do, Korea
| Rl 12076 [ 1222 | 10709 [ 11015 [ 8132 [ 846 1437 [ 35157 | 15109
ura &4 2 AHF4 | Line 17 / Guman-ri, Seo-myeon, Suncheon-si, Jeollanam-do, Korea
6541 [ 1115 | 9031 | 11574 | 8238 | 823 [1801 ] 33157 | 1g/110
3 Rural —— - - - - -
ZA g A -F2A | Line 37 / Yeongpyeong-ri, Yeongjung-myeon, Pocheon-si, Gyeonggi-do, Korea
3280 | 1961 | 10L11 | 17198 877 [ 941 [395 ] 45157 [ 16110
4 Tour = = - -
34 @ A AF2A | Line 42 / Bukpyeong-ri, Bukpyeong-myeon, Jeongseon-gun, Gangwon-do, Korea (nearby Yong Pyong Resort)
4910 [ 1756 | 11580 | 15019 | 8159 [ 897 [ 3021 | 46145 | 15108
5 Tour - = - - - -
A 9 2 AFA | Line 19 / Sasan-i, Jeoksang-myeon, Muju-gun, Jeollabuk-do, Korea (nearby Muju Deogyusan Resort)
2921 [ 1982 | 12775 | 14850 | 8803 | 975 [3090 [ 24157 | 12107
6 Tour - — - - -
&4 2 A HFA | Line 20 / Sangpyeong-ri, Maejeon-myeon, Cheongdo-gun, Gyeongsangbuk-do, Korea (nearby Woonmoon Lake)
46398 | 940 | 8431 | 9600 | 7494 | 804 [1107] 19149 | 1g/110
7 Urban —— = - - - - -
34 9 AHFA | Line 45 / Songjeong-dong, Gwangju-si, Gyeonggi-do, Korea (nearby Gwangju City Hall)
16395 | 1274 [ 10086 | 10020 [ 7987 [ 831 [ 1872 ] 42153 [ 14/110
8 Urban —— 1 = - -
A 9D A HFA | Line 44 / Galmagok-ri, Hongcheon-eup, Hongcheon-gun, Gangwon-do, Korea (nearby Hongcheon-gun Office)
o | Urban 21097 | 855 | 8484 | 10142 [ 7524 [ 768 [ 1087 | 26157 [ 20/110
i X 2 AHFA | Line 3 / Suyang-ri, Gonjiam-eup, Gwangju-si, Gyeonggi-do, Korea (nearby Gonjiam Terminal)

6 YATSOLl=2T|
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(table 4) Difference between rainy traffic and non-rainy traffic
Statistics Levene test T-test
Cluster | Spot Weelfday~ Weather Average ADT | Standard | Homogeneous Slgmﬁ?a.nt Degrees of S1gmﬁ?e?nt
Holiday Day (veh/day) Deviation Dispersion Probability Freedom Probability
(both sides) (both sides)
Weekday rain 50 7979 599.19 Assume 0.19 155.00 0.00000
1 other 106 8,906 732.99 |Does not Assume - 115.40 0.00000
Holiday rain 12 8,239 870.58 Assume 0.05 108.00 0.00000
other 98 11,128 1,929.92 |Does not Assume - 27.11 0.00000
Weekday rain 35 11,089 607.32 Assume 0.66 155.00 0.00000
Rural | 2 otl}er 122 11,955 731.82 |Does not Assume - 65.05 0.00000
Holiday rain 15 11,235 1,039.55 Assume 0.18 108.00 0.00000
other 94 14,032 1,755.52 |Does not Assume - 28.58 0.00000
Weckday rain 33 5,989 519.54 Assume 0.62 155.00 0.00000
3 other 124 7,111 545.87 |Does not Assume - 52.39 0.00000
Holiday rain 16 5,707 691.72 Assume 0.35 109.00 0.00000
other 94 7435 1,017.87 |Does not Assume - 27.49 0.00000
Weekday rain 45 2,909 458.59 Assume 0.05 155.00 0.00190
4 other 112 3,428 1,062.03 |Does not Assume - 154.17 0.00003
Holiday rain 16 2,955 481.34 Assume 0.00 108.00 0.00001
other 94 4,541 1,356.97 |Does not Assume - 64.11 0.00000
Weekday rain 46 3,796 434.62 Assume 0.01 155.00 0.00018
Tour | 5 otl}er 109 4,414 1,055.06 |Does not Assume - 155.00 0.00000
Holiday rain 15 7979 506.73 Assume 0.00 108.00 0.00001
other 93 8,906 1,631.91 |Does not Assume - 69.60 0.00000
Weekday rain 24 2,425 288.37 Assume 0.26 144.00 0.00012
6 other 133 2,821 47723 |Does not Assume - 49.26 0.00000
Holiday rain 12 2,586 309.31 Assume 0.01 108.00 0.00001
other 95 3,923 962.03 |Does not Assume - 45.29 0.00000
Weekday rain 19 44,004 2,613.17 Assume 1.00 155.00 0.00000
7 other 130 49,666 2,598.57 |Does not Assume - 23.18 0.00000
Holiday rain 16 40,141 3,919.94 Assume 0.57 108.00 0.00000
other 94 47,063 4,243.67 |Does not Assume - 21.44 0.00000
Weekday rain 42 15,017 1,248.74 Assume 0.03 148.00 0.00001
Urban | 8 otl}er 111 16,682 2,201.89 |Does not Assume - 127.74 0.00000
Holiday rain 14 14,603 1,143.94 Assume 0.01 108.00 0.00000
other 96 20,162 3,662.31 |Does not Assume - 61.96 0.00000
Weekday rain 26 26,608 792.62 Assume 0.76 155.00 0.00000
9 other 131 29,035 850.91 |Does not Assume - 37.37 0.00000
Holiday rain 20 24,210 2,458.09 Assume 0.35 108.00 0.00002
other 90 27,520 3,054.42 |Does not Assume - 33.44 0.00001
UME ol AR ARSS A% HIFL Missing Data = 2 DESAE
dAskE Aol o FHe Aear) ok Dan = 37 LEFAL
AL AT itk A, o)A 59 4 ) noo= W5 AFIAE F
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’ 2 dAFdME A A uFFAEE THHUT,

8 oI=TSYl=2|

143, M22(2015H 481)



@ A4 el HAe
BAR()SH B4 28

X, =c+pX,_ +e,

SHE R
Xt =38 AF nEIFAs
Xt-1 =3A A H A a5EFAR
t =AA
c =39 4+
g =t AHANA 37 23
EMS L322 RASE S E Y M &
A7 e FIHE FAHLE YA E
He 7E8E A5 o =

ay

1, o] 7|Ygo® rEhs EAGT ool M
AoM e E dAY 79t og RAH voly
9] Loglikelihood #t< HUSIAIZ S ZAM AF 73
A FHES AT ofF A MBS F3to 7]
ggte] 4R oz A HH, o] FHHS
HF BAPOE AHgste Wolth

£ AT M= SPSSE AH&3te o] Al 7HA R
PHESS A 83t UMY 4 M|
23 dAS Vs T B AE 43}
VA

o
A= R4S EM 71HE

S
4

N
N
o
of
o
h=h

of o
o2t
=y

of T
(o

>,

i

p‘L

2

o

sttt

AFolAe A ASEE FQlst]
3 A ¥ 2 MAPE(Mean Absolute Percent Error)%t<
o] &3t th. MAPET #ata Bk 3+ ddigte
A5 ZAgttiy HlegeE Vel g Ee =,
gk oyl eake] A7|E HEE A4ey] wZ
MNZ o8 I7E /HAe BAGEY A4y A
W7k b AAo] Atk M AAT <F 45 B

So B ATolN A§F duEFY A% wE
A

A7k AR 2 AS o apadlE Jehd 3 Aols)
NB AYe JTEF Aol B = AL B
A

T Atk nEA OE BrplERd, RAgse] 4
A<l vzt 7Hs ¥ MAPES AR 2 AAgstAch
MAPES| A& A4 &3t 2.

1 & X Y
MAPE=—

4719l A,
a =
Xi =
Yi =

‘>< 100 ©)]

Vol.14 No.2(2015. 4)

The Journal of The Korea Institute of Intelligent Transport Systems 9



=2
il
03
o
lo
09
02

O F Hol, A& FEo| o3 HFo] LAY
= AR AnHY. F9 FFS YT 4
%" MAPE#HLS 9F 0.04%0M oF 7.87%74A 2] W
g 7HE Ao dEHeH, /M w2 A
ERE B Fe #FIFY 49 Aot

(% b5) UM EFUHES| MAPEL (BHl %)
(table 5) MAPE of UM Imputation Methods (%)

a Rainfall | Week/ Missing

uster| Spot Effect |Holiday| 10% | 20% | 30% | 40% | 50%
non-Ref. [Weekday| 121 | 1.96 | 299 | 3.92 | 4.65

1 Ref. [Weekday| 0.80 | 1.15 | 1.68 | 2.02 | 240

non-Ref. | Holiday | 1.86 | 4.78 | 6.50 | 11.92 | 13.99

Ref. |Holiday | 0.62 | 0.88 | 1.65 | 3.00 | 344

non-Ref. [Weekday| 0.70 | 1.64 | 2.31 | 2.78 | 3.53

Rural| 2 Ref. |Weekday| 0.39 | 0.84 | 1.10 | 140 | 1.79
ur non-Ref. | Holiday | 1.06 | 3.23 | 647 | 9.05 | 10.30
Ref. |Holiday | 0.33 | 1.15 | 2.74 | 3.15 | 3.32

non-Ref. [Weekday| 092 | 2.32 | 3.08 | 435 | 6.08

3 Ref. |Weekday| 0.59 | 142 | 2.02 | 301 | 3.54

non-Ref. | Holiday | 2.37 | 4.79 | 922 | 11.89 | 14.76

Ref. |Holiday | 0.63 | 1.33 | 2.34 | 323 | 426

non-Ref. [Weekday| 1.53 | 2.61 | 3.81 | 581 | 7.86

4 Ref. |Weekday| 1.36 | 1.91 | 223 | 3.83 | 523
non-Ref. | Holiday | 3.78 | 10.97 | 17.98 | 24.97 | 27.72

Ref. |Holiday | 0.67 | 1.74 | 2.68 | 569 | 7.87

non-Ref. [Weekday| 143 | 322 | 479 | 592 | 7.09

Ref. |Weekday| 0.54 | 1.92 | 2.53 | 323 | 3.79

Tour | 'S o Ref.| Holiday | 399 | 609 | 1162 | 1662 | 1897
Ref. |Holiday | 0.74 | 1.39 | 2.80 | 3.61 | 4.07

non-Ref. [Weekday| 3.51 | 5.67 | 10.26 | 13.58 | 15.92

6 Ref. |Weekday| 0.70 | 1.02 | 3.01 | 3.88 | 4.09
non-Ref. | Holiday | 2.68 | 6.03 | 7.56 | 13.22 | 13.98

Ref. |Holiday | 0.68 | 1.96 | 229 | 3.92 | 494

non-Ref. [Weekday| 1.01 | 1.65 | 3.50 | 4.85 | 5.72

7 Ref. [Weekday| 0.16 | 0.81 | 1.66 | 2.21 | 2.49
non-Ref. | Holiday | 0.73 | 225 | 4.82 | 7.71 | 7.89

Ref. |Holiday | 0.18 | 029 | 1.82 | 3.13 | 3.82

non-Ref. [Weekday| 0.50 | 1.24 | 2.16 | 2.60 | 3.86

Urban| 8 Ref. |Weekday| 0.58 | 0.68 | 1.33 | 1.84 | 2.28
g non-Ref. | Holiday | 2.42 | 8.51 | 11.39 | 13.73 | 18.66
Ref. |Holiday | 0.04 | 1.26 | 1.67 | 1.69 | 2.24

non-Ref. [Weekday| 1.27 | 1.95 | 3.10 | 403 | 4.64

9 Ref. |Weekday| 0.36 | 0.62 | 0.88 | 1.00 | 1.12
non-Ref. | Holiday | 1.34 | 2.82 | 3.80 | 491 | 7.70

Ref. | Holiday | 044 | 1.50 | 1.70 | 2.75 | 4.33
ARS $83) % BAZES] MAPES 4
F99 08 <E 63 2tk TAAE Jeso ¥
< Aol zolA 59 YFE st AR S
Wb o w2 MAPE #o] A4=HUY Mg B
Al E3E HolE 2 BFIF Lot 64
AR FLEA, 50% 2 LY MAPEgEO] of
2202%0 4 F 5.63%% FE=7F S7HEF 1639%
AT A2 AZHNG 59 4FS I

Sof A4EH MAPE #9 WHAE < 0.04%004 <k
9.72%2 AL E AZHT

(E 6) AR EX™uH=o| MAPEZt (2 %)
(table 6) MAPE of AR Imputation Methods (%)

Cluster | Spot Rainfall| Week/ Missing
Effect | Holiday | 10% | 20% | 30% | 40% | 50%
non-Ref.| Weekday | 1.58 | 2.15 | 3.10 | 402 | 474
| Ref. | Weekday| 0.81 | 1.15 | 1.69 | 2.06 | 243
non-Ref.| Holiday | 0.98 | 4.62 | 6.03 | 949 | 12.08
Ref. | Holiday | 0.68 | 0.88 | 1.77 | 3.11 | 3.90
non-Ref.| Weekday | 0.71 | 1.70 | 2.46 | 2.99 | 3.82
Ref. |Weekday| 039 | 0.86 | 1.14 | 143 | 1.80
Rural | 2 non-Ref.| Holiday | 1.03 | 225 | 5.18 | 870 | 9.33
Ref. | Holiday | 035 | 1.22 | 2.75 | 3.15 | 333
non-Ref.| Weekday | 0.79 | 2.13 | 2.88 | 438 | 6.17
3 Ref. |Weekday| 0.60 | 141 | 2.03 | 325 | 3.67
non-Ref.| Holiday | 1.12 | 1.72 | 463 | 6.09 | 9.74
Ref. | Holiday | 0.68 | 1.34 | 243 | 3.62 | 4.64
non-Ref.| Weekday | 1.66 | 3.00 | 395 | 5.86 | 7.57
4 Ref. |Weekday| 1.35 | 1.95 | 2.32 | 401 | 549
non-Ref.| Holiday | 2.95 | 646 | 12.52 | 18.54 | 20.92
Ref. | Holiday | 0.71 | 2.13 | 559 | 949 | 9.712
non-Ref.| Weekday | 1.46 | 3.01 | 469 | 587 | 7.23
Tour | 5 Ref. |Weekday| 054 | 1.93 | 2.61 | 329 | 3.89
non-Ref.| Holiday | 122 | 2.50 | 437 | 6.74 | 7.58
Ref. | Holiday | 0.80 | 1.39 | 2.78 | 3.73 | 4.53
non-Ref.| Weekday | 1.76 | 2.28 | 4.81 | 7.85 | 8.69
6 Ref. |Weekday| 0.76 | 1.05 | 3.10 | 4.11 | 6.20
non-Ref.| Holiday | 2.67 | 7.21 | 942 | 19.29 | 22.02
Ref. | Holiday | 0.74 | 2.34 | 2.48 | 536 | 5.63
non-Ref.| Weekday | 0.66 | 1.14 | 2.31 | 342 | 431
7 Ref. |Weekday| 032 | 0.74 | 1.61 | 2.14 | 2.70
non-Ref.| Holiday | 0.79 | 220 | 472 | 7.68 | 8.07
Ref. | Holiday | 0.21 | 036 | 1.77 | 3.14 | 3.70
non-Ref.| Weekday | 0.87 | 1.67 | 246 | 298 | 4.10
Ref. |Weekday| 0.64 | 0.77 | 1.53 | 2.36 | 2.52
Utban | 8 non-Ref.| Holiday | 2.05 | 522 | 6.70 | 840 | 1291
Ref. | Holiday | 0.04 | 140 | 2.10 | 2.28 | 3.16
non-Ref.| Weekday | 1.14 | 1.84 | 3.09 | 397 | 4.69
9 Ref. |Weekday| 041 | 0.69 | 1.11 | 1.36 | 1.50
non-Ref.| Holiday | 0.81 | 231 | 3.89 | 488 | 599
Ref. | Holiday | 0.08 | 0.63 | 142 | 191 | 3.16
EME Z&ste] ¢33 HAYFHES MAPEYA
AR9 Ao} FUsHA BEE ASedA © H

MAPE #< 7He 222 A&HAY 299 9

S w3 T A=E MPAEE 9 0.04%0014 <F
1040%7HA e A2 ENEFEHATG /M 2 4

H]l Aol e A #FTIF 60
= MAPE 3ol oF
6.52%= 7HAo] I 1532% #

10 PA=TSYL =N
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(table 7) MAPE of EM Imputation Methods (%) (}iq_ o]jr‘ UM, AR, EM E@ﬂ‘ﬂ%% /\]__(Q)_—Gl_@ 7]
Cluser| S| R | Week Missing E9 AA AAYLY nFTFASE BHAse= AR
PO .
P |y | 1o | 20% | 0% | 0% | 0% giA Qo) B RARY 7HA D RS Ao
non-Ref. | Weekday | 1.60 | 2.15 | 3.07 | 3.96 | 4.62 - -
d3TE BAS [e]
| Ref. |Weekday| 076 | 112 | 1.62 | 1.99 | 2.36 ARES TAshY Bgn
non-Ref. | Holiday | 0.97 | 4.61 | 6.02 | 9.37 | 11.97 2443 BB AolxdA FHA ZAFde
Ref. | Holiday | 0.67 | 0.89 | 1.74 | 361 | 486
=2k oS ] 71 A= AS Zz0
non-Ref. | Weekday| 0.68 | 1.68 | 2.38 | 291 | 3.76 WEFARIS 7ML BAsE 497 O F2
Ref. |Weekday| 040 | 103 | 132 | 151 | 1.82 AGEE A s Aoz E45H & AF9 714
Rural | 2 et | Holiday | 103 | 220 | 5.00 | 862 | 909
-Ref. : : / : ' o] £0 0 =piglddrl wd 7+ HAuHEE A3
Ref. | Holiday | 036 | 121 | 2.62 | 306 | 351 I &&s SHSAT B 4 2AWNEE A%
non-Ref. | Weekday| 0.79 | 2.13 | 2.87 | 437 | 6.14 T ANEYI} M B ASE AYEgEY, 4
Ref. |Weekday| 061 | 153 | 2.04 | 327 | 3.69 BAMME e BAAde] ol ZAF BE 3
3 [ nonRef. | Holiday | 1.09 | 154 | 414 | 5.06 | 874 ARHEE 2473 }_]L SAsht 5 3
Ref. | Holiday | 0.65 | 142 | 244 | 359 | 4.64 FAFANA 7 52 NHEHRE Holg ALE
non-Ref. | Weekday| 1.66 | 299 | 395 | 5.86 | 7.60 u A o= BARA M BTt TE A
4 |_Ref. | Weckdny| 102 [ 160 | 184 [ 356 | 498 __‘:_'H%_E} = #34 ] s %_O I
non-Ref. | Holiday | 2.95 | 631 | 1229 | 1820 | 20.52 e vAE A7 O Aslte As v, 3
Ref. | Holiday | 1.05 | 2.75 | 5.75 | 9.67 | 10.40 _<,>_ /\] T&%Z] 2 EHS 3};] %1.0]_ E%%i}o] 7} 08
non-Ref. | Weekday| 146 | 302 | 470 | 5.89 | 7.23 e o .
Tous | 5 |_Ret|Weekday| 055 [2.11 [ 263 | 347 [ 428 o] WAgitt= A APy & F ot
our . = - L
non-Ref. | Holiday | 119 | 244 | 410 | 620 | 6.82 B Ao AYES B4l POoA mEZ
Ref. | Holiday | 0.82 | 155 | 2.83 | 373 | 4.54 Lot o . THe o )
non-Ref. | Weekday| 1.76 | 2.28 | 480 | 802 | 8.80 gho] AR S v ARG ¢ HFE & Y
¢ [ Ref |Weekday| 079 | 123 ;gg 59'9‘ 27‘85 e AEo] JtEstEe BddEh, E AT 3
non-Ref. | Holiday | 2.65 | 7.17 . 19.11 | 21.84 -
o 710 = PO =
Ref. | Holiday | 0.77 | 2.33 | 247 | 575 | 652 HE A7k wsdd ofd dFe FAd WP
non-Ref. | Weekday| 0.66 | 1.13 | 220 | 325 | 4.12 BAS 37 RutE wed 7o BAd nE
Ref. |Weekday| 031 | 071 | L14 | 1.65 | 2.11 ) )
Bzlg =g Z PR g = o
7 oonRef Holiday | 0.79 | 220 | 471 | 7.66 | 8.06 AR TEA olE BASHs e U3 A7
Ref. | Holiday | 0.18 | 0.60 | 2.07 | 3.13 | 3.88 ot et BT wEFo| F= g5o] ojw Al
non-Ref. | Weekday | 1.06 | 1.88 | 2.65 | 3.17 | 4.20 = == = w
= = 3l Ol = E} O ! 2k
Urben| g || Weckday| 058 | 073 [ 150 [ 229 [ 246 AE S, ol & MR T WEFAE B
a non-Ref. | Holiday | 2.05 | 5.07 | 634 | 7.92 | 12.25 Ao AL 4 Yt I RAASE 2237
Ref. | Holiday | 0.04 | 157 | 250 | 251 | 3.24 . e s .
3 271 AF7) Q38 Ao Z AlgH x3dl o]gl
non-Ref. | Weekday| 1.14 | 1.84 | 3.08 | 395 | 4.67 & 7t Feas Ao 8 Asdn £3 of
o | Ref |Weekday| 041 | 069 | 113 [ 138 [ 154 71 AFE A3 YalAEeE B gokd 2A
non-Ref. | Holiday | 0.80 | 229 | 3.89 | 4.89 | 5.68 o . o
A3 T wo JguELI mAEH Lo 2w
Ref. | Holiday | 0.0 | 0.64 | 148 | 2.05 | 2.58 13 BS we dasds dd 3o A
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