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I.AE

gk Al Al
T A 7h5l| EAYshE A2 WAl Fo] oid A (stamping out) & &

te] st ok wiAlE F e R &83 7 WAoo = Qg AT
o] Wlo] 7b5Add, =Al TGl Aol A9 AR gk AAA Eol2) F
o] WA  l7] wiZolth A AAHES F Wgrdo R s =W 4
oilE JHAIE HARIRC wel st AAA] Fejrb RSt (¢HE 9,

2008), wiFE ARA RSt AEFE 1S 231 290 R e T T3
7F g 4 0k (Munro, 20015 3Fsol&FAl, 2011). HESE At Fofsl=
TEL 2 oAl o 75%7F 9 F AEH A Fo
Disorder, PTSD) & #1, oIl HA 9 23%= +&57H A= 59 a7t
sl Aoz HudtH(F71d943, 2017>. whd AN ES Bl <ay

< gogatu, Selauel 4aE 7ol Wolx 7] whio] A% AR o v &
o] RS Brk. olo] e} FlelE AH o cla) AT e AYs
7] §1g waEele] Bagol A7 glek.

A
R
=
v
fd
o,
e
oX,
BN
Hu
rO
(S
—1m

A2} (Highly Pathogenic Avian Influenza, HPAI) &
2014 o] % mid 23] o} FEd] BAYstaL vk g, HPAIS] o= <le
A EEE 7heRY & 9A ZHEEA S8k dth 4 o]l whet AR STkl

(World Oragnisation for Animal Health, ZAFAANED) 7 250 A
3 Qg% Z71E ofn)giel. AAwol g RSt =W, Fro] ¢
Aol ANE G AEE 715 FEo] Y A ko Rz Wil
Wshs A5, ATE NAL FAAARE AAIE] wiel AR RS &8st Wwdst 4
SHT FAae] 29 G4 7I3te] o At
3) H FulellA M E HPAL 941782 x| A= HPAL WAlT} 1A 7
EAEA @71 wiel wid STk e AR HE A 5 o7 suld=
HPAI #41E& Zialjof gtk o] Al7|= At
4) 2003\ 102 <t oF 5284t nia]7} AAHE @ A vl 20163l 41 "kl <F 2, 7007
ulg]7k AR HAT

1) B =RolAe] e dPAo]l ¥ pandemic diseaseE 2|w|gttt.
N
&

OIE
ks

_8.. OEL r_r,
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F9%e] Eolef, WAl Fol Al A = gl AR 2 B HPAIS| E
3} 7Fsd o I8 HPAIS] Wrehozm] wials of7ix] A=52ow &
, =3 52 HPAIQ] Wt
E3] S22 2004358 20124
7FA] HPAI ¥4l A0 2 Abgold K} oF 849 delE dish Aoz eyt
(Sun et al., 2017).
=% SugAd HPAIZ 18] B2 9jals o2 Akt sich 20149 12€
HE 2015 69704 HAe HPAIZ AWz <F 7505 vle] 2kgAl <F 4, 2109 v}
2] Fo] AAEE AR Yeith(d$4, 2017). old tig SEWAR n5F2]
E-79 4 (Animal and Plant Health Inspection Service, APHIS) 9|41 HPAI #W4l&
oo B oz A8 AL AESH L, dAl N2 A (vaccine bank) o
a9 19 S8 dske HPAI WAS B3l e Asto|th
olefd el Wzt wile] #Agk At HAPATFES HH, A Meltzer et
. (1999) & wjEfel] LAY 7Fsek JIEF<Re] AAA Fal & =HIFEE Al o]

dZain AFEET 99 2 g HolEE Beale u el

¥

EAA FAS F71 2ol 174

Aol Bt Ao®
E}SATE Jeuland et al. (2009) & A¥etet o'd A1) Zd|e} o ol gk 2 A
S AL3lA v]g Q] B (cost-benefit analysis) & &-8&3F] 3ttt
Mauskopf et al. (2018) & H]-8- &7} 4 (cost-effectiveness analysis), #1<F2] 3f
of /9] %43} (constrained optimization), % 7% 2@ & (fiscal health modeling)

59| RS FE3ol AW AP AT A2 WaIRe] 2o FAIH

)

2ol wkgskx] RXith= A
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BET t}d ZA)3t). Laxminarayan and Brown (2001) 2 33A)
= A BV AL O R 3Hstal 27FA] FBAE HA o R AgSte wAl
£ SIS 2@YE& Z8ste] Atk Biswas et al (2014) & SEIR R&6)
(Susceptible - Exposed - Infectious - Recovered) & &-8-3le] HAAH o] tal 2=
oAt HE AlEZ &3t Gao et al. (2007) 2 AAH ] 27|48 Yl Hx

U

T

WAL 2 (pulse vaccination) V) 2} X9 E SEIRSEE (delayed Susceptible - Exposed
- Infectious - Recovered - Susceptible) 2 &-8-3fo] A 9] %——1 ZAS 5‘53{3}95\
ol 538 He and Nie (2015) & AFFE<] 2ol dig 5‘1 2-o] u|tjoo] o]
“/P:— A& &8st mHo] 4 (media impact) & L2 ?ﬂ@‘d A o 7ﬁ
= SIREYS &8ste] =ZEsISith R e. 2 Park (2016) & AW gte] 2
Eﬁ (stochastic) Q1 249} ZA]-9gt RY-S L8] AFZF(HIND o HA
2 HlSEEe EAEI T 53], 99 gkl B wkdehr] el AEaA
WS- 0]8-31%1 21 Impulsive vaccinationd) & 7d-S 2]-g-slo] 22 WAl vk

o

B AFA Agste dEFAS 39 Eo7t i oJHa, 53] 29 sl

(closed solution) 7} &34 &= A-$- S FL8l7] Y B3l =8to] & a3t

=gl AR S AREH PAS Ao Al nleel
=

= 1 —
F0Y3 2] FAE G A5 §S o Bu1 g BN HFH o

5) SIS 23 (Susceptible - Infectious - Susceptible) : F82¢l &t »
AATe} o] Ax|7} Erlaet A g AHes e 23
ol el Joky) s g Ao zg vy e gt 7Hiﬂ—t—
T 4 vt 7gsi

23 (Susceptible - Exposed - Infectious - Recovered
23 F shioln] X7} 7lee AW AMEEE BEo
| ZradER] 2= Ao 7o) w29 Ak 7held %
2 ZF 7 Feo s v SIS‘:'GWP* gz 3 A= Alo] &
& o= glom Susceptibleo] A RecoveredZ:e 22] Wigko 24t o] %8t 4= Qitta 7pg 3t &

B3 F sftoln 7)<}
3 HellA AA MAe 2
& ALol & A4 ©]

=

D SIS 233} o] 4

1os A 0 S @ Weln] Welite] Sate] AR wplA] 919e] wEH 15
o wEHom M% Aok WS Slrlach, 2 3ot olohils] Wy A o] AL

8) Impulsive vaccination : F 4 WA Folg Bl WiAlS Bl 9lo] A At = A
B ARk wf$- g A7t FEHog wiAS ZZtH o g Folsgles PYPS A=
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pV= - EdV) (5)

21 (5) 9 E(dV)E T3] Ysie WA dvE Féloksl, dV+ Bellmane
FAALHT [too] HelE &8st AL 4= ok 4 (4) 9] die tdste] &

Jeka 4 (6)¢ =5 5 ok

dV=V'[(a— BI) It + odw]

n % V[ — BD?12(dt)? + 20 (o — BI) Htdw + 02 (dw)?] 6)
2 (6) oA FEWSEE 92 qwit ADalr] vEd] epdd] PFS Hdl £dV)
= Aatapd A <7>f+ 2t

E@V)=V'[(a— BDIEdt+ o E(dw)]

+ % V" [(a—BD*PE(dt) +20 (o — D Iodt E(dw) + o” E(dw)’] (7)

we JUuIH o2 (dt): =0, Eldw)=0, E[(dw)*]=dto]BZ o]E 2] (7)
of gidstd EdV)= & (8) 3 Zth

2

EdV)=[(a—BDI V' dt+ "7 V" dt (8)

2 89 E@V)E 4 (6o ddskd 4 (95 24 Aok

pV="(a—pDIV' + %(72]21/” 9

=

A gplste v 12) g5ol7] mEe] p) 00 FEsh
A 94 00 FEsler Bk w4 ©F lim V()=0 (v0<

I—0+
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21 (11) & 2 4217 Kummer2] v 210 31 fARRE ]S & 4= 9Tt
SAIRE 2] (1) 9l A o Al 5 22 AS7E -10] ofy 7] wjio] o Lrkz<l e

~—
2,
2

ummer?] v]EHEY A (Modified Kummer's Differential Equation

u(t) = Au, (t)+ Bu,(t) (12)
o 7] ol A
w ()= F(aseibt) = Y ¥o(a), = T (a8, o)y =1

k=0

ala+ > ala+1)
2!(+1)(bt) 3le(e+1

(a+2)
We+2)

uy(t)=t'""° Fla—c+1;2—c;bt) (14)

= (bt) (bt) +--- (13)

2 (1278 4 (145 28sto] 2 (1)< ais Axtsha ot 2.

v(I) = AL + BI, (15)
o] 7] ol A
_ By W fap )t (T
A—lFl(l,b,UQx)fék!(b)k O_Qﬁ whcre(l)k—(g(1+k),(1)()—1)
26

e el e R
o

:”%(i—%* D (—ﬁ *m(%%

10) Kummer®] n]&ExFg2le] duta e oy” +(b—2)y’ —ay =0 ¢+ 2tk
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el ENEE Vel Figure DS BE, MAFCR A% Aele 70 44
2 54 @edl et TGS B % ok

(Figure 1) Diagram of the benefits from HPAI vaccine

N
|
. I I
The poultry which was n 5 s
killed when it was not .
vaccinated AP The Poultry which was
not killed !Nhen it was killed when it was
vaccinated vaccinated

NAE] o] e AR HIE CpE THEH 2k @ AAE AAE sk
wHle Al oo A QA W) Fre AAR 042 2B,

%
e
MM E FErR g @496 TR ol B 1T Cpe v

2 (20) M pe E7F elA ARl whE HA 7 el fdads o
metaL, 2 g HAE AAE @ o 2SkE AR G, e AEFE AT

SRl g, INS FEE A FRA WS T e BT AhE= N

Aol Wl 1ol AA AA ¢ N= Fote] ARk S, pe AAHToE 7 s
o 713018, o2 AHAS ¥, 2= ﬂﬁ—?*ﬂA HAaE ofugit,

Ci=0Cy=(p+c,+2)0IN (21)

2 (21 ollA o= WAIFAR Q1% HPAI 499 9] A4adS Yehfn, ol & 4
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B= Cy—Cy,=(1—-0)p+c,+2)IN

(22)
WAF] WG (C,) & HIZAZNA () ol WiAlE Foid of 2st= Hgow
CQUQSN_.E 1/]']5]'2 ‘/l: ME]' 0217101]/‘1 CoT

£ WA o] gol 3 v
SN2 HPAI|| 7+

QA F2 VA FE njeit)y. = AYATE F
oJH]& pol i3t 221207 &

95t} (Barrett et al.,
al., 2014; Park, 2016). 3t

o vlgste] F7kst7] wE

2003; Biswas et
o
ol o]& g v

= o) el ()& e Foju]g

(v)
Wil dla) WAsHs 149 F

Hel(1T) & 53 Zth

MT=vB—C, = Cy—Cy—C,

Zv(l—e)(p—l-cl-i-z)[N—cQUQSN

=v(1—0)p+te, +2) IN—c*(1—1)N (23)
2 (23) oM EYHSE y2A, T2 Fugets HA NARAES () S T

shH 2] (24) & 2}

« (=0)pte +2)I
L VN ()

2 245 4 (23) ol thdsted Felskw 4 (25 9F 2k

7 = (1—2():‘(1(91+c11)+z)1} [(1—9)(p+c1+z)11v— (1—9)(p+021+z)(1—1)] 25)




110 BFEEmTE Al67 - A1 %

ooz A (19 9 SA8F A9 4 (25 9 ARG E IS FIEE
o}, AE&Me =7}EHA (value - matching condition) F 8HAZ 7 (smooth-pasting

condition) & &-g3le] FelehH olge} 2t

o

ALT*=11"(1) (26)

AL I+ aALI =11""(1) (27)

5
o @7|o] /=1 oM HsA "k wWAle] A7 drjHEY Avd
< Tk G Aol wigAsn, wWile] ©r]H ool Gl

ackd WA maA Fosopd Aotk 4] (26)¢] FHWz $He Aol
(An1*—11" (1) & 72159 71 (waiting value) 24, 7]t}
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(Figure 2) Estimation result of the logistic function
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(Table 1) Summary of the parameters

Variable Explanation value Variable Explanation value
p Discount rate 7. 78E-05 o Volatility rate 6. 7565e-04
Mortality rate after HPAI
m Mortality rate 0.92 0 ortalily rete afet 0.19
vaccination

Foregone profit per the
o Drift rate 0. 0799 » sone proft b 1,675
unit of poultry

Stamping-out cost per the
8 Transmission rate 1. 54369 (e P é’ P 126
unit of poultry

Vaccination cost per the
~ Recovery rate 0. 5369 Cy . P 190
unit of poultry

Basic reproduction Environmental cost per
R, ) 1. 0549 z . 2,196
index the unit of poultry
Herd immunity Total number of chicken
Hj 0. 0520 N 166, 444, 165
0 threshold and broiler
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(Table A1) Secondary pollution damage cost of stamping-out

(Secondary pollution damage cost per the unit of poultry)
= (Amount of leachate from the unit of chicken buried)
x (Environmental benefit from an elimination of contamination)

x (Amount of contamination per a liter of leachate)

dE 7hE ARlelA Al Aatel] wiEt @Aste AEee] 2 Munro
(2001) 9] &, < siAe] ARl LA st FEFe] Hghs A8kt
A - 600kgs 7IEC R 1793 TAYsh= &5 dol 8
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(Table A2) Amount of leachate from buried livestock for one week

Th t of leachat
Weight (kg) Leachate (L) ¢ amon e
kilogram(Z)

Cattle 600 80 0.13

Sheep 100 7 0.07

Pig 200 0.03

Average 31 0.08

Source: Munro (2001).
Sancho et al. (2009) & 27474 HIS w23t H4 Al AA 2 H71E AAs

A
At} Sancho et al. (2009) & ZA)7F

N), <l (Phosphorus, P), H#%2

(Biochemical Oxygen Demand, BOD),

Demand, COD) <= 27} A AR

O ¥ 2]

7 (Shadow price) =
(Suspended Solid, SS),
el

S ) wasks #7374

N o7

A2

a1 3ke] A4 (Nitrogen,
B b

27
(Chemical Oxygen

Alrksksiet.

(Table A3) Environmental benefit from an elimination of contamination

Envi tal benefit of
Amount of eliminated |Total environmental benefit I?\ 1Tonmen 4 en.el ¢
. . o . eliminated contaminants
Contaminants contaminants of eliminated contaminants .
(ton/year) (€ /year) per kilogram
(€ /kg)
N 4, 288 98, 133, 996 22.89
P 918 50, 034, 733 54.51
SS 60, 445 448, 098 0.01
BOD 59, 635 2,690, 421 0. 05
COD 113,510 13, 364, 429 0.12
Source: Sancho et al. (2009).
(Table A3)< Sancho et al. (2009) 2] =% A2l Ho|th AAH eg=4e

G e Ata e ol 1d B oF 117 ol AlAE ] 7 Bsken, 1 H
2 REFEA, AETH Ak 7Y, dh 9 o Yel AT AAE
FEA] T A 7R Aavt 7PE a3 ool Ql, SR Ata a7, A
B34 e a7, %'4%%2% TOo 2 Uehgth ol2lg 571x]] edEA FeA
Az}t 919 AAR WAsHs A4 7Ex7F A 0 AEA AAR Qg 844 7}
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Pratt (2009) T 7kl AA migA ol ko]
o] o7 Walal=A] AT HETF AT 5 a1
3= QoklH (Table A9t 2t} a2y ole] &4 (Ammonium Nitrogen) & 73
2

il
o
o
o met HEHe dol FAsH Skl Bee HolAw, Aa
iy
]_
o

il
e
B
ol
S
s
[\]

N

T
An)
12
Do
r\“
|
B9

(Nitrogen) 2} 21 (Phosphorus) & A] 7t E—E—Oﬂ U?}E} 2 H3le gl Ao® YEH
th. & AFoA e oleldt S| Bk gl &5 ©9 2E T A
© &34 /A& ALtetsith HAbE 7}26‘ & vhelo] ARAeA LAY T A
g ole 74zt 8, 753mg/L¥t 1, 934mg/LE et

(Table A2y, {(Table A3) 18] (Table Ad)S &-g3lo] A4 7127 3 nle)
£ AAE s o Bk 22k TlaH] 8- 2, 1969 e]th

(Table A4) Variation of the components of leachate over time

Unit: mg/L

Date Ammonium as Nitrogen Nitrogen Phosphorus
2005. 08. 17 4,500 19, 500 1,830
2005. 09. 21 4,542 16, 500 2,090
2005. 10. 20 9, 860 17, 800 1,870
2005.11. 23 11, 200 20, 200 1,970
2006. 5. 25 8,370 18,100 2,000
2006. 10. 26 12,700 17,700 1,890
2007.9. 11 10, 100 17,300 1,890
Average 8,753 18, 157 1,934
Total 26, 910 1,934

Source: Pratt (2009).
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A Real Options Study on Avian Influenza Vaccine

Stockpile Using a Stochastic Process*

Jinyoung Jeong™* - Hojeong Park™** - Heesun Jang™™***

Abstract

As the spread of pandemic disease could have a profound impact on the
related industry and the national economy, it is necessary to conduct the study
on the optimal vaccine stockpile from an economic perspective for preventing
epidemics in the world. However, since the traditional model in economics
could not sufficiently consider the uncertainty of disease spread, it is required
to make an integrated model combining epidemiology and economics. This
study is the first in Korea that calculates optimal vaccine stockpile of highly
pathogenic avian influenza (HPAI), using an economic-epidemiological model
with a real option approach. In addition, it derives the critical infectious rate
of vaccination, which is 32. 37 million vaccines that should be stockpiled, and
this value could not be estimated in the conventional epidemiological model.
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