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Abstract

Numerous research has been conducted using internet search data since the mid-2000s. For example, Google Inc.
developed a service predicting influenza patterns using the internet search data. The main objective of this study is to prove
the hypothesis that highway traffic indices are similar to the internet search patterns. In order to achieve this objective, a
model to predict the number of vehicles entering the expressway and space-mean speed was developed and the
goodness-of-fit of the model was assessed. The results revealed several findings. First, it was shown that the Google search
traffic was a good predictor for the TCS entering traffic volume model at sites with frequent commute trips, and it had a
negative correlation with the TCS entering traffic volume. Second, the Naver search traffic was utilized for the TCS
entering traffic volume model at sites with numerous recreational trips, and it was positively correlated with the TCS
entering traffic volume. Third, it was uncovered that the VDS speed had a negative relationship with the search traffic on
the time series diagram. Lastly, it was concluded that the transfer function noise time series model showed the better
goodness-of-fit compared to the other time series model. It is expected that “Big Data” from the internet search data can be
extensively applied in the transportation field if the sources of search traffic, time difference and aggregation units are
explored in the follow-up studies.
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Figure 1. Levels of choice for an individual and search keywords
(Manheim(1979), modified)
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Figure 6. Comparison of weekly average VDS speed and search traffic
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o} M IC(TCS4) = 24713t B¢ o A3 el H]a) 2/4, VDS2-SB/NB, VDS3-SB/NB9| 3% A|4%3&
Thas W2 1R A F39] 731 7Y Ho|x Rgo] A mYPor MHHUCH, TCS3, VDSI-
AATHAE A0l ES] 7 T1vH) XA SB/NB9| 4% ARIMA E#e] 7 mgoz A3y
& BACIEAY A aesde A A A},
Egfjglo] P W Y wEFe] vk = 7 Table 2914 FQ1& o % 7 ae] 34 sehvg
g2 JeERIT p-value(significance) = "§- o} A4HE T3 9
Figure 69llA4= 74 EE VDS H| w3l o3k, ARIMA 239 34 AR, MR d&v|E] 25 nf
=, - A2 By SR F3F ¥a g~y + Fogks & 4 9luh T3 Table 5914 Box-Ljung
= A%S et 44 B ST e 52 A Q AZ p—value(81gn1ﬁcance 7% w%- 27] W&
A& A0l ES 3t A wEel 2 = & o AlF(lag) 7F The Zkak 3ol A= FaaA7} gleka
Tk, QI R 3 B SEe @xgol g olnk 7] B Af ARl Aol Hag Axd
ettt % 4 #5eH 2ES = AL ofghe ddte] 7hesitt
B F7F 2 BA 73l e dareh AR ot 23 (alternative model) .24 Holgka
o FFH e Aol yehAl "ok % P = AAIE 2Eo] HA wgol & 5 g H**—%?Eo}
ke Aaeisl s Aete). ol &= &% At TCS AYmE o] 725 Table 3| 2F Mg =
o o] & el A ul-¢ e £rS 73 oHrEel % go] A =le] ‘”Efﬂ AAIE ] W dgol Aieteof
2ro] WAl y] wj ol wEF Ao waste TCS1, 2, 4 EolM= 12} 2ol 488 RFo] =
ol yehd Zlo 2 F3drt. =5
7 R R oY AdR AdE A4 Egy Jue
2 e =2 2= HE(TCST) T AHEL(TCS2) BAl|EE F2eI4 "1
71¥ %% (base model) 224 A4 2] SARE A FAgo] 948 AAGR Y=L
ZF ARIMA 232 Agsified], 1 AFE Table 2% o, FEF(TCS3) EAICIES] A% dlo|u] Rutd oA
2o}, Zzpe] AR golgh meo] A8l it TCS1/ I'LE@E% HAGE FAgho] AdElE A, M (TCS4)
Table 2. Results of base model
Model Estimate SE t Sig
TCS1 Exponential Smoothing 579 .069 8.409 .000
TCS2 Exponential Smoothing 513 .066 7.733 .000
TCS3 TCS traffic Constant 217,480.818 6,099.879 35.653 .000
AR 1 688 .060 11.387 .000
MA 2 -279 .081 -3.459 .001
TCS4 Exponential Smoothing 446 .064 7.016 .000
VDS1-SB" VDS speed Constant 90.059 45 216.761 .000
AR 1 492 .066 7421 .000
VDS1-NB VDS speed Constant 90.703 .340 267.122 .000
MA 1 441 .069 -6.367 .000
MA 2 -421 071 -5.889 .000
MA 3 -.407 072 -5.691 .000
VDS2-SB Exponential Smoothing .300 054 5.539 .000
VDS2-NB Exponential Smoothing 429 .063 6.799 .000
VDS3-SB Exponential Smoothing 129 035 3.636 .000
VVDS3-NB Exponential Smoothing 213 .046 4.675 .000

Note* : SB=southbound, NB=northbound
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Table 3, Results of alternative model(TCS)

71 2ol vhel 24

I =471 g2
g A AMu2gt o)A}
o ‘7}‘@'
H|2~7b Al A glek, vhd

-84}l <J3)

ATCS2, = (— 642+ 337B°) A Google!" + (1+0.455B)a,
(6)

(604+3505%)

7CS3,= 201,633+ ~
(1—0.443B%)

Cell—t.i.
Naver,

(140.2788%)
(1—0.704B)

(7
ATCSA, = (—294) A Google]"* + (1+0.454B)a, (8)

$ Table 45 53l #F A8 28
Z 2 %

gRle = Sl Zzte] mE R Wl A

Model Estimate SE t Sig
TCS1 TCS traffic difference 1
MA 1 402 070 5.707 .000
Google NUM? 1 -642.059 160.672 -3.996 .000
(Trans. Info)” difference 1
TCS2 TCS traffic difference 1
MA 1 455 071 6.387 .000
Google NUM 0 -662.371 149.158 -4.441 .000
(Trans. Info) NUM 8 -337.410 147.834 -2.282 024
difference 1
TCS3 TCS traffic Constant 201,633.488 9,427.180 21.389 .000
AR 1 704 061 11.616 .000
MA 2 -278 083 -3.349 001
Naver® NUM 0 604.811 144,789 4177 .000
(Trans. Info.) NUM 2 -350.491 146,306 -2.3% 018
DEN? 1 A3 220 2,010 046
TCS4 TCS traffic difference 1
MA 1 454 069 6.562 .000
Google NUM 0 -294.591 26.350 -11.180 .000
(Highway) difference 1

Note1 : ( ) is a keyword to search.
Note2 : NUM=numerator, DEN=denominator
Note* : C=cell phone, PC=personal computer

st sets x| M33H 13, 20154 28
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9 Agz A9 24 EdY PRE ALTGA
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dlolulel 74 FAgte] AeEgon, AHICTAE
TG(VDSI NB)t: ojnl@ Ju= Ags4 ggieh. A
HeJC-AMHHIC(VDS2_SB)= T2 dlolHe A
8 ZAlgke] EAo) AeEglon], 1 9 AFANE B

o rlr A

Table 4. Results of alternative model(VDS)

Analysis of Highway Traffic Indices Using Internet Search Data

9 o7}k thE 37 o] el HA FAgke] E8-x]of

ol SRR AeEi)

12 237 v R gkl 23] 3% sty

p-value(significance) = E5 wl§ Yo}, B3] 44

AR, MR Z2prE] o2 fefsh YeRgthTable 3, 4).
VDS £x9 ¢ 7hdE ded HErge] gy

7} 2goletn ¥ 28 (VDS1_NB)S A Egjg ¥

R

N

ﬁ

i

Model Estimate SE t Sig.
VDS1_SB VDS speed Constant 89.389 397 225.003 .000
AR 1 443 070 6.364 .000
Naver™ (Trans. Info.) Delay 1
NUM 0 .080 023 3.544 .001
DEN 1 724 115 6.285 .000
DEN 2 -.755 115 -6.583 .000
VDS1_NB VDS speed Constant 90.703 .340 267.122 .000
MA 1 44 .069 -6.367 .000
MA 2 -421 071 -5.889 .000
MA 3 -.407 072 -5.691 .000
VDS2_SB VDS speed difference 1
MA 1 518 .066 7.838 .000
Google (Highway) NUM 0 114 041 2.747 .007
difference 1
Naver™ (Highway) NUM 0 -287 039 -7.300 .000
difference 1
VDS2_NB VDS speed Constant 93.848 1.112 84.362 .000
AR 1 762 051 14.981 .000
Google (Trans. Info.) NUM 0 =131 .030 -4.306 .000
NUM 1 -.128 038 -3.359 .001
NUM 2 119 029 4,034 .000
DEN 1 1.032 204 5.058 .000
DEN 2 -.678 202 -3.362 .001
Naver™ (Highway) NUM 0 130 044 2919 .004
Naver” (Highway) NUM 0 -326 043 -7.541 .000
\VDS3_SB VDS speed difference 1
MA 1 831 .045 18.356 .000
Naver™ (Highway) NUM 0 -170 024 -7.032 .000
difference 1
VDS3_NB VDS speed difference 1
MA 1 479 .066 7.249 .000
MA 3 353 064 5.536 .000
Google (Highway) Delay 2
NUM 0 -.397 .082 -4.846 .000
difference 1
Google (Trans. Info.) NUM 0 -.290 .038 -7.566 .000
NUM 2 -.269 074 -3.635 .000
difference 1
Naver™ (Highway) NUM 0 .261 .055 4,755 .000
difference 1
Naver” (Highway) NUM 0 -319 054 -5.916 .000
difference 1
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Table 5. Comparison of goodness-of-fit measures

Article
AR % VDS1, 2 Aol di@ F3 FAEE 74 23
& FAow gyaH vgy g
VDS15B,= 89+ 0080 prcots
’ (1—0.724B+0.7558%) ’
1
T —0amn ©)
VDSLNE, (10)

=91+ (1+0.4415+0.4215°+0.407 %),

Model fit statistics Ljung-Box Q(18)

Model Satopery g avse  MaPE MO sais  pf significant
Base TCS1 Exponential Smoothing 126 592 30,203.410 3221 20.661 13658 17 691
(l\;ljdel TCS2 Exponential Smoothing 186 A4 27,839.816 3244 20.498 12324 17 780
TCS3 ARIMA(1,0,2) 615 615 19,947.096 6.593  19.891 21739 16 152
TCS4 Exponential Smoothing 214 492 5,473.032 3576 17.245 20236 17 262
VDS1 - SB ARIMA(1,0,0) 225 225 2818 2.361 2132 14989 17 596
VDS1 - NB  ARIMA(0,0,3) 322 322 2.036 1.553 1.541 15227 15 435
VDS2 - SB  Exponential Smoothing 348 318 4414 3.134 2.999 11509 17 829
VDS2 - NB  Exponential Smoothing .160 406 3.981 2.966 2.793 31454 17 018
VDS3 - SB  Exponential Smoothing 442 075 4184 3.205 2.892 8976 17 941
VDS3 - NB  Exponential Smoothing .362 101 4376 3218 2.982 23604 17 A31
Alternative TCS1 ARIMA(0,1,1) .200 624 29,056.765 3.020 20614 10.855 17 864
('\4?::! for TCS2 ARIMA(0,1,1) .290 502 26,200.668 3.029  20.440 7012 17 983
function  TCS3 ARIMA(1,0,2) 655 655 19,153.018 6.302  19.900 20237 16 210
model) TCS4 ARIMA(0,1,1) 544 .705 4,193.957 2803  16.742 16.261 17 505
(®) VDS1 - SB ARIMA(1,0,0) .265 .265 2670 2.270 2.115 16.876 17 463
VDS1 - NB  ARIMA(0,0,3) 322 322 2.036 1.553 1.541 15227 15 435
VDS2 - SB ARIMA(0,1,1) .551 530 3.696 2.719 2.704 21.888 17 189
VDS2 - NB  ARIMA(1,0,0) .665 .665 3.075 2.551 2.516 21592 17 201
VDS3 - SB ARIMA(0,1,1) 562 275 3.716 2.744 2.685 5526 17 .996
VDS3 - NB ARIMA(0,1,3) 576 402 3.658 2.855 2.805 34087 16 .005
Difference TCS1 - 074 032 -1,146.645  -0.201 -.047 -2.803 - A73
(B-A) TCS2 - 104 088  -1,639.148  -0.215 -.058 -5.312 - 203
TCS3 - .040 .040 -794.078  -0.291 .009 -1.502 - .058
TCS4 - 330 213 -1,279.075  -0.773 -.502 -3.975 - 243
VDS1 - SB - .040 .040 -0.148  -0.092 =017 1.887 - =133
VDS1 - NB - - - - - - - - -
VDS2 - SB - 203 212 -0.719  -0.416 -.296 10.379 - =640
VDS2 - NB - 506 259 -0907  -0.414 =277 -9.863 - 183
VDS3 - SB - 120 .200 -0468  -0.461 -.208 -3.450 - .055
VDS3 - NB - 214 301 -0.718  -0.363 =177 10.483 - =125
tietmEata x| ®M33H 13, 20154 28 25
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