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Abstract The purpose of this study was to derive and analyze the hub facilities that occupy major positions in the
vehicle movement networks of livestock facilities. For this purpose, this study used the KAHIS data provided by
Animal and Plant Quarantine Agency. The hub facilities were derived from the degree centrality & betweenness
centrality. The analysis results are summarized as follows. First, in a livestock facility's vehicle movement network,
there are a small number of hub facilities with very high centrality indicator values compared to other facilities.
Second, the hub facilities based on the degree centrality are the feed factory, the milk collecting center,
slaughterhouse, slaughterhouse for chicken, and livestock markets. Third, the hub facilities based on the betweenness
centrality are the livestock markets, the feed factory, and slaughterhouse. Fourth, hub facilities based on the degree
centrality are concentrated in a particular area, but the hub facilities based on betweenness centrality are distributed
relatively evenly.

Keywords : Foot-and-mouth disease(FMD), Highly Pathogenic Avian Influenza(HPAI), Livestock Epidemic,
Quarantine Policy, Social Network Analysis, Vehicle Movement Network

B A7 2017 wESFAH GRS S0 A ARAAY A4S T A 3 2FAE
AE: 1545015379) AFIA L] AL o FaAHon], 1AUE ATHnA g AE 54
"Corresponding Author : Sungjo Hong (Korea National University of Transportation)

Tel: +82-43-841-5417 email: sungjo.hong@ut.ac.kr

Received April 5, 2018 Revised May 9, 2018

Accepted June 1, 2018 Published June 30, 2018

Fallzre] BHat 9% Kk

137



2018

=,

A A19H A6

1. A&

el A &=

o

T
B

A}

AlrAd e} AL

oy

s
T

w
]

5}

d

9 =

A
=

T Al WA, S EA]

}

o s
= AE BEE

3

3o
= 2

o Bz
= 171

1.1 A5-¢] w4

X(Social Network

RE RN

o}J
oo
|

o
B!

%8

KN
=

Analysis)

A A
R B

F =7}

ZF AN o]3F HPADE 2l

0]
A8 H 6,4882 0

o] T2} WEATLE

7

P93

3L
o

Aqgs T

W

A

28
2273
25€
2% .
m,mm
€05
A
g .
bl
=
£
£
5 2
a
A
g =
ik
£z e
§ss7
T BT o
ﬁTﬂ@Wo
ﬂ?xaw
-5 X
® B g
= of A
R S~
T oR N
L
_iiLﬂmt
T T g
o B3
) 2
‘,%Layi
o
T
3._.2 o
uaﬁﬂnim
=
S Tr e
ST -
> X
oTPLo,mW
N o
mﬂzT_J]xl .
2E SR
5
N B
o BT

Fig. 1. Flow of Research

st %

A

AIS} FMDE

L
T

3

Siell A 3

ﬂo
_
jang
T
i
o
~
W of
~ o
1) Nm
< o
K
o
oz
A —_
T
S
5
d %
S
OT_ ,ﬂu
ﬂL K
9 N
<
= I
~ g
7 =)
E
SIS

N <
N B
L
= B
= A
of o
ﬂa%_ﬂw
oﬁo%iﬁ
Urm&oﬂ
ﬂﬂwi
~ 0
H o
TR
mw =
~ 5L
:,A‘_lwﬂon_
CN
umoﬂ\_loﬂ
BT
S wr
XO
— o
~ M ogm
)
W RS Ay
_ﬂraﬂ%%
=
iTuLEm;lma
~ W oW
B 9N
EWQ.E
T o
S s &
=R o
. oE A
T XL
ok S R
S oo
22085
= 5 ™ P
= N w
X
_XHCM‘HOI"_
<~ X ©
Lo
RN
=5 o m
"o o B

A7k Fe folew AEE

!

4 gge

1

o

@l_

of wwl, RG] o A3} g 2 v AR

o] el datel] F2.3 o

S

AAE AHA

2 4HA vk

oA A G FAXAT 7|Fo R 53.9km/H, B2

o] W AAT 71Fo 2 7l.lkm/HY £Ho2 Huly

T A NPT ET
T W W S
S S
~ ar ﬂMM
%wmmo il OEH%%T
ﬂ}mﬁplmﬁdHMm
X0 ® oz X0 S
%ﬂq?@mwquim
o T ol m
WMMGﬂHmMNuﬂL
%mMLm@_.ﬂ&o
F ISR T g oo
%ﬂo%ﬂﬂ%gﬂomﬁ
= Br ‘l,.Alﬁ ﬂioﬂ
Rl T AT e
Eiaxmm ™
ERITShr T we g
%_,Wmmo&.ﬁofgﬂﬂ
= < B B o
ﬁ%WE%QWﬂﬂ@
= L W o X
KA Exdg " Hxag
) RN T W &
oF X T X BL R
By T ® LW
ﬁﬂatwummm W%
Wdu.ﬁw_% %
~ .Asﬂ .
iaﬂfwhﬂﬂd‘ﬁlcm ‘_.MA@.O
LIEEOWZ v
;o]m_.mmu dr.Jvo
M Xz P L
ol Rt B VN
TR BN ww
oS E® g
W F g g ) me
FoG Eqg T H
F o - n B
m N F W =y
ey §x
0
T EL oy
;.wwa%KOM 5w
TRk s T
~ = 2w = on
— S m A
BN sl e

138



M
&

N SE S EEET I I

W

s

o
el
&
i

o

oss
o

7}_?’ i

Ay
29L& Wb 0.5~3km, o

Yol A

3

A, WARGS Pra g, fege

A2015-174

°o] F& o

ANE
=22

HA|

23

—~

o
N
v

1o

A=A 1= F

3

9|

+od

2HE W 500m, K

)
=

1%

Rus

3lo
=

1+

ke
pa

p

o

g0l 7}

sy
-

Alrd e} Aol s e

off el

o

=]

7}_?”

L

L

st

SEEESS

ko
Zx

b

ke
pa

A7} S

L

Ao o

[e) oﬂ

o

A

T

st

=35

o]

Q1 o

=

\

=R

3}l 70km ©]

Far glom, meha

[¢)

slot, o1 thAle uu|g ol
ey

o

o

A rhe Bels)

o

o]

o
o/

O}%

ted | HAlA ]

S

A1
S|
A

1o e we Al hg

S

hs

@7
ol Aba]
3}

o

1 AnE

Aol

A

A=

o]
o

=

KAHIS® A A
Holt}, ey $-2vele]

L

T

Fepol5

\

S

NE](actor) 2}
o] o]

Aol A

2

1, A4 Aol o]
i

o

9

0

3k

ATte] AIZHE W 9fol whet 2013 1028904 2016

AL A A
(relation)= o] Foj 7tk &

ol

o]

B =

24

il

L

T

]_

S

o]l A

L

] AldzEe] )

S

A7

=]
A1)

A

T

]_

S

71Hko 2

HAl s 5 glov, sifel A Eae] Al &

0

3.1 AFEAL] 4F

3 =

o
E

o] KAHISY| %

ol

1o

o

byl

0

=
S=

T glom, AlRjel wheh Wslt A dof

]

715 0] YAA vk wheb AA%

473E 7t

gle]

]

139

7}_?’ i

L

T

st

0

do] &4
o, AgHS vsfE

SJEAL

L

T



=R A9 A6%, 2018

FAFAAFEHOIE) S EMD2] o) 34718 14
214), HPALS] A F87]% 350512 3ha gk 2,
whg 3014 el F 3771 ol
o) olo] ¥ Q7 19 wlel AR 344 2ol 3
A Bz ARE PHe] BeRAh Auel Fu

: FEW ol A E(Edge

O][

A

T

%HE ]/\4_‘,} EZ]—}\]/H o]

Lisy@ 4 ow delHgion % 37719 dolg Alo] T
AEAT. 7} vlolE] Al s Aol E3 A FolA
Aerl ARE AFo OB BRlom, olFe] B4
ol Aol elmlahs Wi g AHe FHew 4
3 #99) dolezl AR 3719 B9lel dlole] Ale)
Aot} F, 2014052 ¥ ¥ A= 20149 4€,
59, 62e] 3 AR GA dlolE Ae] #A2
Bz wEE AF9L onjAt) oA TEH o m

Al st 3t 93961702 e, 1,067,57770¢] <
6,964,89371] ApkolsS& A st Wfek dlolE ofth

3.2.2 TAA AxEE

£ ATollA 31
EfIA F8
o 7 A= 4
HEP7} 7HA=
AR e d8EE
M AAAE 44 (Degree Centrality) 2} w7 5
(Betweenness Centrality)S A]Alo] 37 mho] 4 7?"]
AAE At AFE AHsTh

AT FAEL T dErE YEA U9
HEje} dnpt go] AZA =] QIETHE R o R At
E}—[16 [L]—ﬂ—/ﬂ }\]/\4 /\}-019,] ] _\4—7:]]‘— 7(—11_;I_L}_ o
ol AMuEE SERE AW, A2 F4
A el dE7F mEFEHE AR F4E
HEHAE 53 T8 thus Firtol
EE AES JEpAYTL ek dF
7+ 9] 9o iEth A A o]
of AWds A 7lsd e o & AFolA=
Atole]  abFolE3lE 1123k Weighted Degree
CentralityS &-&3}%] 9}4, A VES Y] a71&
sl H A E(HE] ] A
< F8sieik
£ on|git}
B Afe]o] Het

L
T

el

2ol

T

rlr

il

H1

1__

B

%2, o?t,lj
R

4> °*>‘

N

JE
z, e
3 7

Al é%

A

2

> oo g
2 o rlo

sy
=
ks

rlr

OI—OE_,]

w7 FAE-E 2

140

o 7L b ol 915k JhE uhg
ATHIs], wheba] A8e] ulAEA Aol
AERE e AR 28e

/\ ohjr ZAVH;(]JIJ_,]

AIZEY 0] NetMiner 4 ©]-8-3153t}

ol
-
rie

ol
ol

A

1=
= _]g

ol

o

K

;Y
o & o1
LR )

i

M

O]iF o = | B A|Ao] A|He] whel g}
=t o) 7o) FlojgE upgo

ég n)gfo] WA Mol FQ thAto)
7] gelek. o) g FIdtel fAl
?:13 A, FARES “YGA) A9
d) Fol A AGNAIH = A

"% ofnlg), A go] BL4E
[e]
A

i HU ﬁ
£ oo 4y 4 T
o M
i ]
3o

=

ntlom
>

>

L)
=

>

(ST A

\

O:

A

ofy
m_u
2
™
oo
w

>,

%
o,
=
o
N

4. A A3

4.1 3|BAAS] 4

Fig. 2= 201611d]°]8] Ale] &
AFe] FHEEE bl A
oA 22 Fee] HE7}F vehbe,
ol ofelg) 7Hd A dlolE
At 1Rl 2= H}sﬂr 7ro]
< 7,

o
kT

ofy
o>

i T ox

A4

£

£

¢ o g

i

2 o
SN
) o,
32
|

N
g

=
=
e

-
o,

W

o

J

re

)
>

O:

4 %

%0,

s

o)

rlr

2
>
>
i
o
o
_)«‘ N
i

> of)

B

A

o,

=

2 rir
ox WL

et o

(o3

B
2y
we, o 1o

o o
o oX,
(
>,
i

o

5

§

@

o

R

f

4 2
o>

oX,

MY r2 o
iin
o

to N A

o> of

ol

X

o
>

o

OWI

o

-

Mz

i

=



A=)
w4

tlo

9 24 Aols WA SBAM BE

—Degree Centrality - Betweenness Centrality

0.14

0.10

0.06 $

0.02

0.00

0% 20% 40% 60% 80% 100%

Fig. 2. Cumulative Distribution of Cenrality Index

4.2 3| BAEe] B4

4.2.1 SA W& SBEAHS] FF

Fig. 32 Hlolg A= A2AE F44 A Hgho
10091910 == Al o] T &S e Zlo
o dlelel Al ¥ Wit 93961709 JElE Eiteln
Q17) Wl 1009 A EatE= AL x| FEgke] A
0.1% ol X3e]= H3ed AR ddd = 3l

okl A npe} o] Az AFE| A A
sp7F vehdr] wistel B Aol A= AEE 100

>
Loy
2
e 1)
i
= >
T
L
(e}
i3
g
= fru
o
o o
Ml x@
e o
ofr
w o
To ot
H =
o £ x>
ox = o W T
o O o oz w2 oE O

=2
>
off
ol
Lo,
=

o
o
R
xX
=
rﬂ

141

AAste] TAARL A gl Al 4 olrk
AR w2 WEQLTw)E AAshs Ffidel B4
FMDEA Ale] =8 e dels ald 4 gl

20161e] 24 AIE B, A AlHe] 2 AR}
WA o2 Skl YR Rk o] Wgo] ghas)
1 EAR, =5, AR, 7HEAE Hlge] &%
doskdth 5 Afds AR suAde] TREs
o ded Jlew wdd 5 glnk

Al Center

Restaurant

Test Facility

Sewage Treatment Facility

Livestock Market

Artificial Insemination Center

Disinfection Facility

Other Facilities

Farm

Slaughterhouse for Chicken
Slaughterhouse for Duck
Slaughterhouse

Hatchery

Fertilizer Factory

Feed factory

Egg Collecting Center
Traditional Market
Breeding Farm

Milk Collecting Center
Migratory Birds Site

No Data

Types of Top 100 Facilities in Degree Centrality Index

® Whole Period 2016

0% 10% 20% 30% 40% 50% 60%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%
I 4.46%

4.64%

0.00%

0.00%
11.27%

2.00%

0.00%

0.00%
11.19%

1.45%
——7.22%
8.00%
10.49%
0.73%
I 15.27%
15.45%

0.00%

0.00%

0.00%

0.00%
I 47.49%

48.00%

0.00%

0.00%

0.00%

0.00%

0.03%

0.00%
I 21.76%

18.73%

0.00%

0.00%

10.84%
1.00%

Fig. 3. Types of Top 100 Facilities in Degree Centrality

Fig. 4= "7/} S44 ARE 71522 1009])H £
7

o= slEAA
= 29 i) Sl

Zoltt. o5 A

b

ro

t}. 53 745 Aol

2 EFE Zloltk, AAARY BAA
3L

i
rlo
>
il
rlo
N
N
e
>
N
>
>
kit
Ob
o



<, 2018

A A6

2] A19

=

4.46%°] X1 ot w7 SANAE 37.73%

_o,]

‘mo
BR
~d
3
il
)

X
M

el A= 15.27%, Wi

oM 27.24%7F vEbd) AleE

g

A

7

47.49%, "7 SAA A= 27.46%

ollA=

%o Z° WMWWWEMMWMQQ%E# ﬂmﬂeﬁovﬂaﬁoﬁ
= <P w o N 75 X0 T 0 O TS ~ T
e PE AT Eew ﬁ%%%mﬁﬁwww
il .
NET o R T B K Ry T @ o L o
FTERRT GPT g DR D T oK R e B
21}1?7%%%%Q%u%m ﬂﬂﬂmﬂ wm N
o JJ W = oA HoRE A — o e oy
o e L o S om o P A o _ B ogp T X% e o o
o WX = g Moge XU T o S T o = 9
N oW T = 0 T e B CH =R R
> o o B o = A T 4 = A T
R R A
Y <oz " m ® O F = T W o o
%@E%%%Vﬂomﬂﬁﬁﬁ%mo 1ﬂ6VztmﬂﬂL®quLA
= ol W o= < %o = Koo <R TS ~ ~ ®B e oR
I T I G AR, Rt T8 Ty
2T O REETY LB X E oo BT w
T ol W 2 By W T B o- & & SRS <O ooy 28 g Mo

ny < N . = B~ RO S o 7T oy Y
F o 2B 5 T Moo ox N ° { o
F oy W A T AT e o F .

%o~ o) Ne 2 A TIC I AR N G Nl B
F Ho %= X wm T w oW ) X = N E oo oo ™o
hERErE g g X Ardw AN LT eHE
,lur‘lriﬂﬁﬂuc.w B ﬁtﬂﬂ 7,|Ha abt7m%,_|/rée‘u|LATZ
= A., o o o n_.u/u wﬁ np w < AR NI W.M I ol WT
W%Embﬂﬂ&ﬂo,7ﬂr%aa 2.%&?%ﬂummﬂﬂao
- -~ I~ T S-S LR R
Moo N T o MTX ST WHRN O HE X < = o 5
§ 23

X4 o
L
g4 g g
z8 RE N
.ﬂla:. N NS
=S M
c R
O ox
28
2 < 3
- 5 %3 . .3
T B8 88 V8 8/ R MBS RR RS Bx »x R eR LE 8T 8 8% &
s 8388883838 88 N7 83 8" @8 388 8888 NS 8832 R3882m §
RIS SS ©6c 6o S coc scl o oo oo oo 69 cc 7 60 oo o° E
§ S g &£ & 29 &% " 5 5 £ 2 &8 % S E o

I 9 B £ x c w -« *= L I = T = £ ¥ =
8 e 2 3 8 2 2 & g 2 % g 8 £ 2 8 § >
b T E § §E % £ 2 3 3 £§ - 8 2 8 8 §
o §$ 2 E E © 3 £ % 5 T T ® T ©
4 = 5 g = 2 g w o g (S
S © £ a s 5 8 r =z =
= ¥ s £ 3 - =

H S -
] b 2
<

Fig. 4. Types of Top 100 Facilities in Betweenness

o, ol wek Aoz 54 3

Centrality

&+
el
o7
o
el
oln

2016119 A4 3}

7}

L
T

3

o] Al7el weh it s}

< SBAA

Fig. 7

"I

oluf #el7} oy ths AelM w3

(B1BAIA) Sl AdnA

12

Al e A

113

ol

[e]
=

o,

7

3]

Fol 7k b

=
R

pS KN
=T

518

2] w7 FA el A

A 3 w2

44

=
&

= 74

A Al 1007] FolA

o] 201402 A3 9] 71

= =,
= =

k. o

201401 A&l

1

A Xo]—

= 714

M &S sk Ast g

Aera A

142



N SE S EEET I I

W

s

o
el
&
i

o

oss
o

Legend

Milk CollectingCerter

ETC

Livestock Market
* Fam

Slaughterhouse

Feed Factory

Wokm

Legend

Milk Collecting Center

EIC

00K

Fig. 6. Location of Hub Facilities by Betweenness Centrality
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