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ABSTRACT

With the worldwide spread of African swine fever, interest in livestock epidemics has increased.
Livestock transport vehicles are the main cause of the spread of livestock epidemics, but there are
no empirical quarantine procedures and standards related to the mobility of livestock transport
vehicles in South Korea. This study extracted the trajectory of livestock-related vehicles using the
facility-visit history data from the Korea Animal Health Integrated System and the DTG (Digital
Tachograph) data from the Korea Transportation Safety Authority. The results are presented as
exposure indices aggregating the link-time occupancy of each vehicle. As a result, 274,519
livestock-related vehicle trajectories were extracted, and the exposure values by link and zone were
derived quantitatively. This study highlights the need for prior monitoring of livestock transport
vehicles and the establishment of post-disaster prevention policies.

Key words : TCS Data, Composite indexes, Cross-correlation function, Market, Leading, and coinciding indices
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<Table 1> Structure of TCS Data (unit = vehicle/day)
Date Destination | Origin Name of Name of Arrival Departure

ID ID destination origin 1| 2| 3[4 5| 6|Sunf 1| 2| 3| 4| 5| 6|Sum

20180101 176 641 Icheon Ulsan 710 0,0/ 0] 0] 7|2[/0]0]0[0] 0] 2
20180101 176 644 Icheon Onyang 110[{0] 0|0 1|2]1|0|0]0]0jO01
20180101 177 643 Yeoju Chungryang| 1| O O 0| O| O| 1| 2 O[Ol O| O] Of 2
20180101 179 641 HongCheon Ulsan 2,00, 0[0]0]2]1]0]010]0]O0]|1
20180101 168 139 Deogyusan |West Ulsan| 2| 0| 0| O] O O] 2| 1| 0| O| O] O| O] 1
20180101 168 641 Deogyusan Ulsan 6/0(0|0|0] 1] 7, 2/0]0]0[O0] 0] 2

<Table 2> Classification of car types

Type Classification criteria Vehicle type

A two-axis car

1 A car, A small van, A small truck

Wheel Width<279.4mm
A two-axis car

2 Wheel Width > 279.4mm A medium van, A medium truck

Wheel Tread < 1,800mm
A two-axis car

3 Wheel Width > 279.4mm A large van, A two-axis large truck

Wheel Tread > 1,800mm

A three-axis car -

Special cargo trucks with 4 or more axes -

A two-axis car
6 Wheel Width < 175mm Light Car
Wheel Tread < 1,315mm
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<Table 3> Matching 5 types of TCS and 12 types of vehicles by the MOLIT (unit = %)

MOLIT 12 types of vehicles
type 1 2 3 4 5 6 7 8 9 10 11 12 Sum
1 65.989 | 0.103 | 8.885 | 9.697 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 84.674
2 3.130 | 0.170 | 0.413 | 0.778 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 4.490
TCS 3 0.556 | 1.304 | 0.008 | 2.595 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 4.464
4
5

0.000 | 0.000 | 0.000 | 0.000 | 2.402 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 2.402
0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.768 | 0.683 | 0.250 | 1.333 | 0.606 | 0.058 | 0.273 | 3.970
Sum | 69.675 | 1.577 | 9.306 | 13.070 | 2.402 | 0.768 | 0.683 | 0.250 | 1.333 | 0.606 | 0.058 | 0.273 |100.000
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<Table 4> Summary statistics of TCS Data (unit = vehicle/month(quarter))
.. . . Short distance Long distance
Statisti F t trucks P: hicl
1SHCS reight fruc assenger vehicies (less than 100km traveled) (over 100km traveled)
mean 935,967(2,807,902) 2,286,704(6,860,112) 3,081,223(9,243,670) 141,448(424,344.1)
s.d 59,340.41(143,378.8) 164,613.7(382,595.9) 210,045(499,720.9) 14,321.11(32,692.03)
max 1,016,174(2,978,187) 2,512,720(7,225,039) 3,360,734(9,757,850) 186,300(500,936)
min 778,931(2,474,969) 1,791,379(5,886,622) 24,746,38(7,988,855) 110,098(372,736)
Freight Truck Trip & Index of Services_Total Passenger Trip & Wholesale and retail trade
£ e g8 "f3
; § T : B § S L e ’E
5 @ I T e
@ | L g x & g 1 - 2
= ’ % \ = 3 S 7 v . re s
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T T T T T T T @ T T T T T T T
20180 20185 20190 20195 20200 20205 20210 20180 20185 20190 20195 20200 20205 20210
Date Date
<Fig. 1> Trend of freight truck trip in time series <Fig. 2> Trend of Passenger car trip in time series
Short Distance & Art, sports, and leisure service Long Distance & Accommodation and restaurant business
i B - Fe 2
8 82 5 |
2 w T S Le E
2 — Short Distance 7 [ © N — Long Distance N ]
™ —- A, sports, and leisure service 7 - ---- Accommodation and restaurant business K [ 8 ;
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Date Date
<Fig. 3> Trend of short distance trip in time series <Fig. 4> Trend of long distance trip in time series
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oo =& FAIAE At 97 nEFLE s ARG FAL, T D &g, Su 2 SAHEY,
&, 2¥= 9 o7t #d Au|x], AELF] ABAG 07 oo R T AAAAE YepdLh ©A
g WEFE AulaY A TAF, B 9 A, s 9 S22, dE, 222 9 o7 B A
2293 0.7 o)Fe] E2 AIATE deiid e AT wEFd gEide a2 S2HY, 2E AHls
del 0.7 B7NFEA TS
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olgg ¥4 AAE T AN £€ ¥ TCS EFS %%—75}2& SRR R R e L e AR S R
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<Table 5> Result of Correlation Analysis

Index of services Retail sales index
Mt | Tl | e | i | e v | Scsalizd
Constant Current Current | Constant | Current | Constant | Current | Constant sore
Freight trucks 0.7929 0.7633 0.7239 0.7137 | 0.3753 | 0.3806 | 0.704 | 0.7045 0.6237
Passenger vehicles | 0.7325 0.7178 0.8376 0.8252 | 0.3464 | 0.3643 | 0.7716 | 0.7753 0.7203
Short distance 0.7605 0.7448 0.8024 0.7881 | 0.3242 | 0.3377 | 0.7601 | 0.761 0.6915
Long distance 0.4257 0.3635 0.7113 0.7413 | 0.7441 | 0.7694 | 0.4987 | 0.5316 0.5956
2) MY =7i U WAATHEA
TCS WFFHe FAA 7 vlnd F2(4BAT £ 07 o)) A7IFHAGT AES tiste] HIPEE
3l Ak B tlolE oA E% tolEg nAygs 3 ¥ 74 FHEAES FYSAT 4 A 2
W WA g THEA A3 <Table 6>0114 <Table 9>l A4 qu ZTh <Table 6>°4 UEH= HEs} o] 2
BEE WEFT ANAY AT FAF, wu D Alg, S92 SAHY, olE, 2E2 Y o} #d
A¥I 2G(AATRES BAE ARTE 19 W A% grol VA e A4S G Ao 9
W, olg, 2%2 9 v} B Aiﬂl*‘ﬁ(zﬂizlﬂﬁ AL 0L ) A% gkl 713 A et S84
€ T sloR BUE 4 A, <Tabe 7> A BEFANE ol 9 2, 4% 9 BAYY, wEL
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N

A u AJBASF ol /M IR **GEZITE A = 9o, Mulay iR F
D o7} #E MR AGe AA oY W wa ABAS #ol M =4 JEY A7) <=8k
£S EYPAFE B 5 9tk <Table 859 TAT DEZNAE Au]2q AR
A

b

19, < 2 A0 AL - 19 W AP e AS %E IR HNE A
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<Table 6> Result of Cross—Correlation - Freight trucks

Index of services
Lag Total whole‘sale and Lodging and restaurant business Arts, sports, and leisure services
retail trade

Constant Current Current Constant Current Constant
-15 0.0188 0.0775 0.0197 0.0216 -0.0014 -0.0034
-14 0.1076 02164 0.0326 0.0394 -0.0421 -0.0361
-1 0.681 0.6883 0.5141 0.5056 0.5563 0.5483
0 0.6472 0.5833 0.4665 0.4654 0.5541 0.5506
1 0.4969 0.4132 0.3258 0.3308 0.4718 0.4696
14 0.082 0.0302 -0.0704 -0.078 0.0564 0.0434
15 0.1081 0.0275 -0.0329 -0.04 0.0567 0.0474

<Table 7> Result of Cross—Correlation - Passenger vehicles

Index of services Retail sales index
Lag Total Wh()le,sale and Lodging and restaurant business | Arts, sports, and leisure services |  Specialized retail
retail trade

Constant Current Current Constant Current Constant sore
-15 -0.0251 0.0533 -0.0125 -0.0044 -0.0464 -0.0446 -0.1726
-14 0.0635 0.1965 0.0129 0.0255 -0.0725 -0.0633 -0.1148
-1 0.6378 0.6281 0.6052 0.5973 0.6031 0.5998 0.5368
0 0.6543 0.5611 0.5596 0.5549 0.6309 0.6287 0435
1 0.5202 0.4322 0.3865 0.3876 0.5346 0.5319 0.2599
14 0.0802 0.0264 -0.0628 -0.0738 0.0405 0.027 -0.1282
15 0.0481 -0.0242 -0.0691 -0.078 0.018 0.0079 -0.1344
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<Table 8> Result of Cross—Correlation - Short distance traveled

Index of services
Lag Total wholetsale and Lodging and restaurant business Arts, sports, and leisure services
retail trade
Constant Current Current Constant Current Constant
-15 -0.0104 0.0621 0.0011 0.0075 -0.0287 -0.0281
-14 0.0826 0.2099 0.0241 0.0352 -0.0595 -0.051
-1 0.6646 0.6625 0.5878 0.5788 0.6013 0.5959
0 0.6624 0.5788 0.5358 0.5303 0.6212 0.6172
1 0.5157 0.4265 0.3682 0.3688 0.525 0.5212
14 0.0699 0.0188 -0.0802 -0.0898 0.0297 0.0165
15 0.0538 -0.0187 -0.073 -0.0808 0.0127 0.0032

<Table 9> Result of Cross—Correlation - Long distance traveled

Index of services
Lag Total wholesale and retail trade Lodging and restaurant business
Constant Current Current Constant
-15 -0.0787 -0.071 -0.1193 -0.1258
-14 -0.0699 -0.0598 -0.103 -0.1087
-1 0.4657 04727 0.3969 0.4115
0 0.5064 0.5295 0.6489 0.6592
1 0.3926 04165 0.5868 0.5679
14 0.1629 0.1465 0.0807 0.0814
15 0.1399 0.1231 0.1029 0.0918
\Y &
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