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FAGL A@dol =1 ABA AL Fdshe SAF AdEelH, 2010/2011d = 5ol A
S A (2010/2011 FA )2 A3 2 AAHoR Fvtel A F 4dS 71 AT wE
A F7HA Ao FAGY e, g Al DS E Eolele B =S kgt o) =8
of R FAIAY] AQ S FEAHor Ryt ofalist = ko] Basith oA LA
320019 FAGE 2 FR} FEf7E efEte], el ohdet FE4 RYgor A g} A
el gt ol3lE 3k mlEle) A thulEte e ATt o]FolA gt Tyt 2010/2011 A
Ao tistel: 5 Bys &85 A7Vt nust Horh. whetA £ AFel|AE 2010/2011 A
Aol thate] A|7-F3F BE SIR FERPS 7Pt A g3l mEs Ast @4l thdte] 1
ettt FUFAA AR R A Lz FAG gAdolEle} BAHY AXETHAA~ 25 o
Hol AA AF 571 dole7l B A7 Boo] dost AR AN gomg 24 2 By
2E B3] dloleE Rt ZAulelElE o] &3t AYTLE FAHEA, A SAF 5%
tolElE o] 3o Al EH o)AE B3te] By R4S 2 ch

Fo8o0l: FAA, AR, AT-30 &E QA By, A old, ddAHE.

HYsh= Al 15 Aol 7S A9 ADidel mie =3 A
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Hpole| 2~ Ao s BRet, SAlwd 4 Hhel A ez AF st ot

FAA wtoleiae A W7 SA A= 50km, vitHE FaAl = 250km ©]/471A] 2
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AFERAZ|TAME FAGY FE712H 1492 A3t ok 28y AAzE 35
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AL Zapa, v, ofdA=, FF, Wy, oiw, IR 5 ol vell A BAssiEd, 9%
% 01 Al ske] 20019 99 FA| o] Alekd o)
ol e FEREY A g AFL o

golaL, MZHRES] Hl% X]%% ok 509 T2E (92 Y)ol el Ehe

FEluEtell A AT A9 2000 ©]F 2000 3€ wollA 49 FE7HA], 2002 5 ZolA
64 27, 2010»3_ 19 2ol A 1€ 274, 2010d 49 Z oA 59 2714], 20101 11 Tl A 20119
49 A % 50 WS, stz A I §9ALe £UAZ, IR, uig, 34 59

Aes amne

A5 oA 2010 11 289 of] A 7192 2011 49 21L47bA] 117 A&, 7478 Al
A 3,748 7 0] WS o™ (Yoon 5, 2012), 20109 129 F<7MAE & WA 30| ¥R oo ut
=3 o] 2714 W] o]Roj o}, O o]F At} Al AE Al g A=ollA ALK ow Ay
Selch. 20109 128 DA RE FAG WA AELS AZHel, 20119 29 A7 QA AT 5
7ol tigh WAl HF o] o]RojALt. 27] WAz A A& HFolA 150 km o] Bl F7) AA A
o A G obE Al A WA 39 Riot A7) BEE FEHEA vl 27 Azt
2102 ZAE Y (Animal and Plant Quarantine Agency, 2011; Park3} Bae, 2012). 2010/2011d
o A9 Aol S w7 98] B4 53 oS S0l tha 4 AR o 3407k0] £} vl EH 3}
on, HAFOo= oF 18,6001 o] A& Tt

TA G BFRA o A 57] AiAs FASG WAl tigh A3ty EAT AG 4ol et Fee
AHE Sua o]F Falol AW As} A4l vt AFe FERAS selei Aol Fath
Keeling 5 (2001)& =04 2001d A3 A Goll thsto], 2 4ol that 71%9) 9 25, 0
7, ADA, 53 27 58 188 A2 FE SIR YR Y (the spatial-temporal stochastic
SIR epidemic model)S 733t ZHZIEZ A& oA RudH Ald 71 ARZE HASE=E HY
B 2924 S Fohod WA 5P0] 719Y FEL THUCH Ea Chis Ster} Ferguson (2007)2
2001 9% WA Ao thato} vlnzels) BEZER PRE o gdto] BendRgolAe u)
Mg 2RSS, e, A7l G2 AQRSe MDA, o AL S BA See] dao) me
B Al digk A A & FAE52, Oh (2014) = FEALRYY =T &
=2 FYals

SUollA 2010720110 A3 LA G2 A Heo g 2 A7 Hlow, AAHow ¢

G 2010/2011d FA| G o) thdke] Yoon 5 (2011)2 Carpenter 5 (2004)2] DADS2]
2E 1% (Reed-Frost model)& 7|9to.2 3lo] AJEH o] WHo R ZFo w2 29
3t3itt. Choi 5 (2012)2 UE A7 HAXAREAN PHE o] &dte] LAY Fat &
Atk A% Fwo w2 P47 A4 52 o 85el T2 B9 Aon TAo] AU
AT, GISE olg3 =T BAL Fa) 25 0 % BA7e We A4 Aze] gt of54
92 525 M2 AR A M2 o]FEEE A=t X A S ) A4 el gt
Aol da= XA Park¥ Bae (2012)3 Bae 5 (2013)2 33HA W¥s ARE-Sto] AIZE
el Wskehs Ao Ao Ast F e Lot ren, 57 Aot A FolA S A
o thah el AY Al Wl wslo] tisto] 3T Kim 5 (012)% 7AI% 717 B<ke] Belel A7)
4 SHO] BT 4G S Voon 5 (INE AY F HAAL A1 BLA BT A7 A3
t}t. 3 sHFAE G A AR R (Animal and Plant Quarantine Agency, 2011)2] “2010~2011 A
SRAPE A7 = ol A A8 2010/2011d8] FA| ol thet HexAb Ao wE HolHE &
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A7 28 SIR B3 Ao A9E BYsstet] €3] AHE = B8 F stubelth. A3
7t FE SIR E¥oA= 2] TAYE 2571 W7 (susceptible), 7FF (infectious), 3|8 (re-
moved) ] Al 7kA] ] 5 st H 2l g3t mIzPEls el AR ekkAInk, Wl 2
T Qe e, A el AFENA tE FAEE AEAME 5 e Ao, A EdEHE
e &l Tl A o] AAA ThAl= el A gdon mEkA e FAEe AEAT
A% o= AHE vehdnh 54 £33 Yol g3t AP, A8 S 29t 72 FALL A
o] Aol W1z, 74, 35| dAE A2 AXNA HH, Aol ZhE +89YES AEFH (index
case) gl FEt}

Johnson (2000)< AA|Z A|7k-27F B8 SIR 28 4837 gl Dad 2402 tje9 57
23S AAsT (1) 2D = 2303tk (2) Uz AEiE Blold & = WS Adse
Zlolty. 4 AHE Ylold & e e A¥olA FEEE Aot A¥olA &S And, H
g2 7HAA Atk (3) vol, A, A A A9, T2 4 E FEol ¥ FA gderh 1) AH8d
42 itk (5) 2D F4YL AR EF Tk (WY AN BF T4 dFHe 7t
A|aL e}

P(i)=1—-exp |=S-N@) > T-N(j) K(dij)| . (2.1)
webA e

I PG =][q1-exp [—s xTxN(i)x Y N(j) K(dij) (2.2)

i€Z(t) i€T JEI(t—1)
2 Folth ®, I(1)t A%kt AAA 539 FFolth St £F dol whE wgME oL,
T %% 8 AN, N(i)E 572 o S5l Be /5 5 W, K(dy)E 57 i} j7re) A
2] d;;o 2t 79sksolth. 8, Deardon 5 (2010)2 A B 254tk So) HE, 55 =
53 U 23, 53 0 A5 4, B34 82, 7 09 Aels A4Ae B P2 T 5 e
=20 A9 BEY 5 WA FAFERFS ANt
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ALl 4] (2.1)9] AATE Pi(i)ol tiet A2 A Chis Sters} Ferguson (2007)2
dii\ "
K(di;) = (1 + f) (2.3)
S AlFadct. @, Keeling 5 (2001)-& DEFRAZF 238 AQ4 Ko(dy;) = d5° (co= AT 4
?-)% AR8-8H31 L, Diggle (2006) 7% Deardon (2010) = Z2ke] A dg & Al <tst it
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S, PAIol 2 e SAT AL U Do) W SA 4 AR F, 24 e B
Q8 sge 94 717 F MEA B Ao APk
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3. ¥4< A% diel™

B Aol Bajo] AlgEE dlolElE 2010/2011d FA|A7AuolEl2} AFsFd ol oty A
o ZguolHE sEFAAAAAERE (Animal and Plant Quarantine Agency, 2011)oA w7+t
2010/2011 FAS JeZALE A AAE 2010d 114 20113 4 Abo]9] Sh=o|A] LAY S
117 A]-=9] T47) A2 A Aol A Al 3,748712] LA AT ol (ZdTlolE)E AMR3iT).
o] HiAlole 51, A7, &%, AT, 289 EAYA AAE gtk A=Erd o] H
= E A1 (Statistics Korea, 2011)2] ulo]ZZH|o]E] Mu|2A|2H”lo A A|Fdk= 2011d F P54

HESZAP dHlolHE ARSIt 4 532 AR, A2, W9, 7S S, B E
Zof o) FAE ] itk AA B delEoA FAS Hho)] 7Fed FAF FE S, 4, #HA, &

Goat, €55 AHSohe= 196,715719] 5749 tlo|HE F&33ith
shd, AFolA Bt A e 72 53 A5} Axo|nE, AU 4] A
9] % 9}

mygeoposition.com & o]-§3te] A3 AulclEl e} Zedrlolelol Bjat 7 5] =& Agok
theh, AFEgUelHE 4 g0 & H-5e) Fask AN Yong, 7 5] 43 &H-Fe
e FoE 599 Fo2 ARSI FUCIHE A7 FaAE ANE slons, A

A Ere FAY FAE 5 F4AZ ARG Y. sEFAPE I AAE R (Animal and Plant Quaran-
tine Agency)9] 2010~2011 A AFRARTA A ZAE F 53] & 3, 748702 YEbEA v
A71E QAT FFo aA s St sF0] BFF7E 2ot ke HlolHE Fo SlojA o]F i
3,7497) = S}giTh.
2010~2011 FAY A8tz Al B uMoAx AAEE 167] Aol FAE A 669A0 3 =

A&, AR, SR G2E F9] dolErE AEE ] Jlerng ) FHSAEGAAER ] fJAto|Eof AR H
1470 Al-22] 647 EE3) %57 (index farm) d o]EiE o] 83}o] 669719 7T olElE A4 B
th. ojuf, A&F7 (index farm)o] gl FETH JAHTANAME FAHo] DI ORRE o]F F A
o] A& F7kste] Zddlole S AT 7 Al-wollA BAAE HREFY T ARTTY vE

3 FAG o] A 3,7497) 5 vlolE el stol = Al
];m 2AAE FAOR WAF 20km, 7+ 3605 o]e] Ao
ABATE WAFE 0~20, 2L 0~360 Aols] W4 WAgste] Ageteith. olu) 2L FEHS
0° Sho] B, A, BB A v Yoz AU wekd WAE 53 XA
e A28 Aol S WAL 2 G5k Figure 3.1 o190 ol w212 50l
Aetest AFEE 49 A7k 9 A2 BAG 3% A9un 37159 FHE A9e] o 98
Wy ARIE e 982 B 5 gl

> ﬂ°“
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(e
a
Figure 3.1 3,749 farms placed on a map of Korea

e e 37407 5ol thtel AAW w40l W 7 el AR 3748708 T F 5B
el Aele A= AEE =22 ABE 5 78 A4 HaA eItk Figure 4190 53 7+ Aol
e SlAEIRS AN BT

oA E Kol g2 2010 124 149 F7|1= AHAA ] 7A el A3 oz, Ad2 A4
79 A AFEE FFoIA 150kmol 4 "ol A ek, o] 7ele] fAelel] el kst H4o] ol
SolAth &8 A7) ALAA) A2 G, Ba0) o5, 9] FESFOE TAY wlolelz Wi
o] The 715l wal S e Hol AAY T/ A, A4 45 A9 5= thE Prjolnz,
g Fol ) Aeslo] ox 499} Ze Ao BB Aol BYsicin BekEh 5, F7)% AW 3
£o) AEFFoE AFU,

201149 PN AFZANAL £28 A7 539 FE 45143887010, 0]F LAFE A5t

[e}
2 S 0TI, & Aol oI5 LA 5300 i dlol9E Aastc. AR
% EFF K9, A4 A7, WA, Db, A4S F 6Foln, SAR e 5

W ko] @ 7}Eo] £2E Table 3.19] UrEMJ‘ziE}

Table 3.1 Number of artiodacty farms by the type of livestock

Type of livestock Number of farms (Ratio %)  Number of livestocks (Ratio %)
Korean native cattle 157,044 (79.83) 2,681,125 (22.94)
Beef cattle 6119 (3.11) 188153 (1.61)
Dairy cattle 6,460 (3.28) 409,257 (3.50)
Swine 7,929 (4.03) 8,094,302 (69.24)
Goat 14,726 (7.49) 257,879 (2.21)
Deer 4,437 (2.26) 58,806 (0.50)

Total 196,715 (100.0) 11,689,522 (100.0)
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A e w8 #7F o S5l visl A 10w o) H AR 558 75 ol

TAG Azle] #ASE A 737 BE SIR B4 ZAEES AT o&=eitt. A= @
AdlolE e 7t A E o|g3te] 4T , 971ME A 5 3,749709 HlolHE AR
3}od Keehng 5 (2001)9] Ao HAS 7§A41EF Chis Sterd Ferguson (2007)2] AEd< (2.3)S
/‘FQ‘Z‘H:P 21 (2.3)9 A+ F AN WARSE 7HAH, SANAA RAAA HaAFHOE v)A
79.@*-}*‘6 3 NLSE ARgete] =48ttt 49 et 2 6 = 1.433, 4 = 2.2700] 7,

R = (1+ % ) (11)
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Figure 4.1 The histogram on the distances between farms and the fitted kernel function
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A g ol doA A= A H T $AFE ARSI e AA HE U 5
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AAstqint. =3, 2010/20119d %Lxﬂ%f‘ > A=} A= A G SR B
ZEEA 9= Ao Aete] BF 144,321709] A4S tiye® st agn A
4aE 5 34 o =4 & 59 H“ﬁOE 3EHE ASZ gl ol od s A
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% F2 Al A BAEA o, thE SES THATIAR °}—E}ﬂ 7Hgstdch 7 71z
0042 Aatdetl, o]+ 2010/2011d¢] FPH FAH] 712 18t Aeolrh. AAE FA| 2
2010»3 119 280 Hz2=2 WhgEglom, A Wil FFo] AFA o AsHJrtn Rud &
7k 20119 29 2690l WAHF o] AFH o R ASH IR BEH UL Tev; A8 =i 3¢
zo= WMAHEZY 7A) Qlon, MRS & FA7 A7) dE 108 =9 7]7o] Fasith
#AgE] B4l MY A4 A2 A e At &, #EEE o
7HA] B4] g HHEo] ZhEA 10097 BES AlEE oA, & #AEE w3 2 el
o] a5l 9 3,7498 ¥l gho] Yos B4 e AEIth. AlEH oA 95
739 HFLATT L 2010004 2A4ds C Ao ZRIAE o] 8§33t 4 (4.2)9] ZAEE thatd]
20051“‘ A EEAE & & 2498 ol Ui £ E st o)ZA Al e S AA
= 1.19} T = 2.67 x 10787} 2010/2011d A AgtollA HF Zd53do] £ 3,7499} LAE Ao
st webd N AEARS 24z S = 119 T = 2.67 x 10782 T3 2% 5002 A
Eéﬂ o]Ag st o, Z+ AlgHE o)A B AdE s 5o FE 2EH P~ Z+z} 3751.03%
194.82 FoJA| Y, Figure 4.2= Z9d 5729 4o gt Az -EEF o}
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Figure 4.2 Histogram of the number of farms in 500 simulations

F=olA 2001 LT FAIGl Hetole v FERY O] AF | AEEYS FEHoE A
gotele Al=7 o] $kal, A% o] Agol tigh Kok AldE RYPoro o] o]FolA Y=



278 Jihyun Hwang - Changhyuck Oh

2oz ddkdnt. I3y fevetelA 2010/2011d0] AR FAHS W2 F d
= 4% =7H4 Aol Addwe oI Eols e ek, BEA ARl tid d4+= Yoon T
= _

<
e
-
S
to
2
rlr
R
<
il
+

Q,
o
=
e
re
-
{0
fd
oflt

o
;‘F
i)
ru
I
[l
fru
[>

|

H o JLoj| A= Chis Ster2} Ferguson (2007)2] A 3g+

£ SIR Ry AlEHo|HE T3 U7 AF4

2010/2011'd FASG FAof| tjte] BlE-Z2AE Y
Ll

il

oL
flo

o
a0
A
o
oo
e
oL
hini
lo
5
o)
=)
ofrt
™
S
=
=
o

o =Y SYNE 52 ned RYos $AY Bart ety Bk w3, 7AS FguolHe 2
Zasol olste] M ME S A9 MHE 2o goz Telou) Holge HRE 5T WA W
AN AGAMEE 288 240 Basith. B, AR oldelN ks A AL A9l s,
ol AA of Acle] FASe] WAFA k&S WHIF eItk Yoon 5 (2011)l 4% olef T

Fol viehtglA st

B ATel N A83 FERY 0|99 rhye BP9 A5 B TAY AY By I B B
st FAde] Aol B W} FE A A9 Furt BRSThD Brk o]t thgo] FAGe] WA
A Be A5 ool ot EBAL thA o AT 5 7] whEelth

References

Animal and Plant Quarantine Agency (2011). 2010~2011 epidemiological report of the 2010-2011 foot-
and-mouth disease epidemic, Animal and Plant Quarantine Agency, Anyang.

Bae, S. H., Shin, Y. K, Kim, B. and Pak, S. I. (2013). Temporospatial clustering analysis of foot-and-mouth
disease transmission in South Korea, 2010-2011. Korean Journal of Veterinary Research, 53, 49-54.

Carpenter, T. E., Thurmond, M. C. and Bates, T. W. (2004). A simulation model of intraherd transmission
of foot and mouth disease with reference to disease spread before and after climical diagnosis. Journal
of Veterinary Diagnostic Investigation, 16, 11-16.

Chis Ster, I. and Ferguson, N. M. (2007). Transmission parameters of the 2001 foot and mouth epidemic
in Great Britain. Public Library of Science PLos ONE, 2, €502.

Choi, S. K., Song, H. H. and Park, K. S. (2012). Analysis of foot-and-mouth disease diffusion velocity using
network tool. Journal of the Korean Society for Geo-Spatial Information System, 20, 101-107.

Deardon, R., Brooks, S. P., Grenfell, B. T., Keeling, M. J., Tildesley, M. J., Savill, N. J.; Shaw, D. J.
and Woolhouse, M. E. J. (2010). Inference for individual-level models of infectious diseases in large
populations. Statistica Sinica, 20, 239-261.

Diggle, P. J. (2006). Spatio-temporal point processes, partial likelihood, foot and mouth disease. Statistical
Methods in Medical Research, 15, 325-336.

Johnson, T. (2009). Mathematical modeling of diseases: Susceptible-infected-recovered (SIR) model, Senior
Seminar, University of Minnesota, Morris.

Keeling, M. J., Woolhouse, M. E. J., Shaw, D. J., Matthews, L. M., Chase-Topping, M., Haydon, D. T.,
Cornell, S. J., Kappey, J., Wilesmith, J. and Grenfell, B. T. (2001). Dynamics of the 2001 UK foot
and mouth epidemic: Stochastic dispersal in a heterogeneous landscape. Science, 294, 813-817.

Kim, H., Yoon, H., Moon, O. K., Yoon, S. S., Kim, Y. J., Wee, S. H. and Kim, B. (2012). The 2010/2011
foot-and-mouth disease epidemic in Republic of Korea: Daily risk of infection and a survival analysis.
The Journal of Preventive Veterinary Medicine, 36, 196—201.

Oh, C. (2014). Derivation of the likelihood function for the counting process. Journal of the Korean Data
& Information Science Society, 25, 169-176.

Park, S. L. and Bae, S. H. (2012). A space-time cluster of foot-and-mouth disease outbreaks in South
Korea, 2010-2011. Journal of the Korean Association of Regional Geographers, 18, 464-472.

Statistics Korea (2011). Micro data service system, retrieved from http://mdss.kostat.go.kr/mdssext/.



A study on the spread of the foot-and-mouth disease in Korea in 2010-2011 279

Yoon, H., Kim, H., Yoon, S. S., Kim, Y. J., Kim, B., Coleman, J. and Carpenter, T. (2011). Epidemiological
models on spread of foot-and-mouth disease and application of the Davis animal disease simulation
model in the Republic of Korea. Korean Journal of Veterinary Public Health, 35, 199-213.

Yoon, H., Yoon, S. S., Kim, H., Kim, Y. J., Kim, B. and Wee, S. H. (2013). Estimation of the infection
window for the 2010/2011 Korean foot-and-mouth disease outbreak. Osong Public Health and Research
Perspectives, 4, 127-132.



Journal of the Korean Data & http://dx.doi.org/10.7465/jkdi.2014.25.2.271
Information Science Society gt o] E] A B3} 313 7]
2014, 25(2), 271-280

A study on the spread of the foot-and-mouth disease in
Korea in 2010/2011'

Jihyun Hwang! - Changhyuck Oh?

2Department of Statistics, Yeungnam University

Received 15 February 2014, revised 3 March 2014, accepted 8 March 2014

Abstract

Foot-and-mouth Disease (FMD) is a highly infectious and fatal viral livestock dis-
ease that affects cloven-hoofed animals domestic and wild and the FMD outbreak in
Korea in 2010/2011 was a disastrous incident for the country and the economy. Thus,
efforts at the national level are put to prevent foot-and-mouth disease and to reduce
the damage in the case of outbreak. As one of these efforts, it is useful to study the
spread of the disease by using probabilistic model. In fact, after the FMD epidemic
in the UK occurred in 2001, many studies have been carried on the spread of the
disease using a variety of stochastic models as an effort to prepare future outbreak
of FMD. However, for the FMD outbreak in Korea occurred in 2010/2011, there are
few study by utilizing probabilistic model. This paper assumes a stochastic spatial-
temporal susceptible-infectious-removed (SIR) epidemic model for the 2010/2011 FMD
outbreak to understand spread of the disease. Since data on infections of FMD disease
during 2010/2011 outbreak of Aniaml and Plant Quarantine Agency and on the live-
stock farms from the nationwide census in 2011 of Statistics Korea do not have detail
informations on address or missing values, we generate detail information on address
by randomly allocating farms within corresponding Si/Gun area. The kernel function
is estimated using the infection data and by using simulations, the susceptibility and

transmission of the spatial-temporal stochastic SIR models are determined.

Keywords: Foot-and-mouth disease, simulation, spatial-temporal stochastic SIR epi-

demic model, susceptibility, transmission.
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