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ABSTRACT

Since it first broke out in 1996 in Korea, avian influenza continues to cause do-
mestic egg market distortion. Especially supply-demand imbalance and massive
killing due to quarantine measures are leading to social-economic problems.
For this reason, it is needed to study the way of predicting egg price which can
reflect effects of avian influenza immediately. This study suggests the model for
predicting egg price using unstructured data to reflect latest information. Retail
price of eggs between January, 2012 and April, 2021 was analyzed with media
articles searched for bird flu or avian influenza as an exogenous variable. In ad-
dition, avian influenza quarantine history and fresh egg import and export his-
tory were used together to enhance the learning power of the model. For pre-
diction, we used statistics models and deep learning model such as ARIMAX,
VECM and LSTM. Also, predictive accuracy for each model is presented and
compared. LSTM showed best performance between models which recorded
lowest MAPE and RMSE. Furthermore the model was able to predict rapid price
rising caused by avian influenza.
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H2 FEHOH 7= SA
= H27H S A 71AF =8 2A == 24
== 490 490 490 490 490
s 5447 0.51 44.06 15816 4261
HEWEXL 894.90 2.88 360.87 64759.92 14267.26
U 3634 0 0 0 0
Z|oH3 9799 41 7461 446393 97932
1. AZ7HE0 ABHEE AAE 22D
5. WW W3 gmnu Ww 0 3
. I‘M W l\.. il a“ . . N m..LJL, LR N A S
2012-01 201401 2D1'5'D1ﬁme 201801 2020-01 201201 2014-01 2D1'5'Djrlme 2018-01 202001
Ezetﬂi 5000 % EZ: 50000 5000 %
0e+00 ul o 0 1 h o
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3, o= o] f2lo] fAH AL 7Hg et o] R By Aol HE|shA|T, M 7F
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2I5h7] Asf E2 A2 AT & dTolM e dRtd ez @] ARSSEAL Q= ADF

(4) Ay, =a+dy, |+ E,?:ﬂjAytajJret

9 AoNA g, = ARD AAL W, 5= ARAS, p= AL o2 BASR] 231
Ebdct. ADF A3 9] AR Hy2 Ay, ~ 1(0)°]t}. §7}00] HH AR7HAL 7]2}s)
ol @elZol AN Fe= AU AALDL ittt AFIHEE 71451 Q= 1
ol -, AA L] Bergete omdtt.

N8 AALe] Bl EPE)st HEo] A EtE o5 Ateloll F7]H o= ARl A

(cointegration) ™A

U= HE AT HHEZ o835 = 8T 5 Uth A& 242 ot PHS =&
Q1A 52&E HA(Engle and Granger Cointegration test)d 33 F-2E HA
(Johansen tes)o] Sltt. & AFoJAE FZ&IH A FHE AH 9] AR S FE1

chass Alxpe] 722 Ashlo] A% aske TR A4S Syt

3.2.2. YRS T3 A7 3] 973 0] FH F 2P (ARIMAX)

ARG ARt 253 BARle] AigHe] JFHol Lgsite dAE 7HAH, ol
£ Eat o] AAIE Yot A9 ALF(AR)Z A2 "ol tis] t—pAl

glol A1 TEgko] AT MATHS 714 BRI, oS HZLIMAIS ¢ oA WA

o,
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A

= HAZARA AALG ARE B4t 7ML E A7| A4 FANES 1ot Y A
718 goltt. wehA -7 A1 A&5HE =o17] HsiA AIxte] S50l TE ofF 7HA]
QQEHHE ¥t " 9 7} Qlth. ARIMAX(Auto Regressive Integrated Moving Average
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with Exogenous)= ARIMA®| SH3HFE F716t0] WS E= YWAAHSS 93k 1L
Zote ohTF A7) 8] A 2 Folth ARIMAX(p,d,q,r) 23 9] 4 th33} &t

p q
(5) Yyp=ctet Z¢iyt—i+ Zeiet—i+ﬂX
i=1 i=1

A7IA = &5, €% €= FAR T 7] Uit L7, p= AV ARG Y A, d

L AR, ok 05T P A, 1L BYRS] A A4F sttt

3.2.3. 9E| A, A R (VECM)

HE @ XA 2 (Vector Error Correction Model, VECM)2 QAR ES VAR 2
Fog At Aol AR AEE B3l ¥ 1 SA R A7 ERIEH A7 A1 A5

of %A LAY P A5t FHL 2271 . VECMZ —'—ETXJ Aol 715 Q1 o
3o =7t st #B 9 AT AlRHe] S50 whek 2P H = g SRR /‘474]
Holtt. F2&ILHJAA(1987)= F Wp7h HIAAA QL A|A Dol HA 347 FA O A
= ", A (602 F4s5H7] Al A ()T 22 ARG LR HHY £ 5 Lo, o7 A
EC, = QA Fo] Hh
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3.2.4. FA7|H 2 2 (LSTM)

LAY Y (Recurrent Neural Network, RNN)2 &S 7HAAA A1Y 7H] A
#/go] Q= TlolHE #Ask=t &3ttt AT Wi AAA E40= HA A9 b
o[ele} A A5 9] HlolE o] BAE 7|Ysto] oAl Z2 AlZto] whE H|olE| Q] WIS #4
skt 985ttt (O™ 2)= RNN 22 2L JHE dHd= FA|0 2 Ao A -3 A
2 AR AGEHY 2, 2y, - 2,2 ZE AR iR AELR J=—GECIAL by, by, oo, b= 1O
gk &< gtolnt.

J% 2. RNN #£&

ho hy h, hy
Cell —_— Cell — Cell — e — Cell
X9 X1 Xz Xt

RNNOJA 714 303 4e A28 2L shashan dee st Fegel o=

2 o] o] A3 ol x 3
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2,5 b2 HEA]
£ 7FSA0IAL W= ol GAIY E=-AQL b, = Th BAR Agsted M7= 7k
A2 3148 §9) Leo|E7} ol Solalek. b BlololAS ekl o} AT o7
HetE o] SE42 A, 7 A E . 124 RNNE 4 E Ho|87} Zdojd 45 7HA 2] Hlol¥

44l(vanishing gradient)°] ¥Asto] 715X 7§4lo] oji}A]
%

3 5459 BAZE A7) 71984 BAZE LreRde LSTM olefah BAlo] et eer
o= tpehgrt

>,
(=
2
o,

o

g,
e
=2

LSTMZ RNN¥} Zo] =24 0= YR 7F AdEo] A4 E4S ZHA 3
H| ;2] Aolgt= 7ol b= et Wiz A2 7 A9 cell stateE &5l 7 HIEE
Z195HAY H7|to = TA S AR E Auit HEEA] Ao 4= QU o] 5 535 RNN2
B719E4 BAIE sidste] | AR 1He] BAE shEolAY I AH=E 24T
2] Al YF o= forget gate, input gate, output gateZh= Q471 o] A AR} U2 H B

SYUARE FA] U -3} of7] A forget gatew cell stateo| A FEQ] Wzt A&, in-
put gatex= JHO] ¥t FZ, output gatex= S-S ZATNT} ZF AO|E= sigmoid FA

53l 00114 1 Ato]9] gh5 &Rt

17 3. LSTM Cell 1=

xlt ht—ll J‘Ift htTl
! ! | |
memory cell
s ‘ ‘ i
candidate input gate
values \/'K\/ cell state
St—1 (o) ‘ .§ | St
forget gate output gate ‘
AN
\ fe @ he
xt h-t 1 Xt ht 1
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ofZo] 241 (9)9] forget gateollAl= AL FEE duprt Bt AQIAE 245t 4
(10)9] input gateollXl= @S] FEE dupt WFT ARIZME AT 4 2
TE &9 cell stateof] ¥1FE 2 YEHH L 4 (12)= 9] g0l BtgE A AlH
cell stateo]t}. 4] (13)9] output gatex= &3 %< HEWH 4] (14)+= output} cell state
o] Zeto = thE Aoj| AL gholt.

O) fe=o(Wplhy1,x,]+by)
(10) i, = o (W [hy 1,2, ]+ b;)
(11) s, = tanh (W, [h,_y,2,] +b,)
(12) s, = fys, 1 +ips,

(13) 0, = o(Wo- [h, _ 1. 2,] + bo)

(14) h, = o, tanh (s;)

3.2.5. 4sA R

A& K 7+9] 45 Bl E FIRt 7|2 o & I]FwAolA HEA 0= Kol F 7HA] A&
91 MAPE(Mean Absolute Percentage Error)2} RMSE(Root Mean Square Error)& At
3. MAPE: 23] thet AA|gke] vl &2 ojmjste] wjEga et Aol |
Hoh ZAY 021 4ol ARE-5H7] of HARE 2 ALY HlolB = gho] Hlw 4 A1 0& 244
27| wizoll 285710 Fth. RMSE= ZhAke] Al g4k B et MSE] Ala= Fg A
02 A SHet T2 A= AT 4= vk ZAE AlFstr] wzoll oA o W3et Ho|
Th T AR FAZ ST

AN

l

(15) MAPE =
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ot} 245 AA o= 7152 AlC(Akaike), SC(Schwarz) 52 7| %5t0] ZA5t=1]|, AIC+=
AZ7F 3A A== 737kl Slof
| AR AIE AT 5= AL, FoE 5%00 A 471 o]4F2] 388 TA 7L e
_]

2 VECMOo. g2 BAo] 7l53)tt.

EEEE

o 11

[ =
H, Eigenvalue Trace Statistic 5% Critical Value
r=0 0.4618 417.60 70.60"
r>1 0.3187 190.85 48.28™
r>2 0.0585 50.36 31527
r>3 0.0467 28.29 17.95"
r>4 0.0289 10.75 8.18"
Zow, e o0 Zk7k @ 02 10%, 5%, 1%14 RIS oJulg.

4.2. ARIMAX =3 &1}

ARIMAXE Zgot7] oA e A A& Agsfof gt o] & 98] R T2 1
forecast 7] A& o]- &3} AIC, BIC 52 o|-&3l &3t ALE A 4= &0, A
H7HAS FH517] e F-S LYo 2= ARIMAX(2,1,007F A= 449 &
ot} Zom (I 5)clA Zt Al HEHUAY RATES IRIT 5 Utk ZHAFE
St AR(1)3 ARQ)7F 595 1%011A4 §-2l5H Aol A Algt7HAofl 9] 3 3L
o 4 A QA {FRE Moy A3 AR = HEA 29 S 7= AL AT

= U} ol Z|AF A, A 9 FA|, AR 2 FAe s gt

H 5. ARIMAX 2 =73 21t

Estimate std.Error z-value Pr}1zl)
Y1 0.2194 0.0556 3.94 8.148e-05""
Yo 0.1573 0,0528 2.97 0.002896"
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Estimate std.Error z-value Pr(|z])
Count -96.6296 15.4355 -6.26 3.845e-10""
Articles 11.3210 6.9668 1.625 0.1041
Import 80.5537 66.3087 1.2148 0.2244
Export -110.8116 180.3068 -0.6146 0.5388

(2,1,00= F#Z9l 714 U &5t o M52 Aas] & 5HA] EAL). d&H A
7HAL 20209 49¥ %of A0 sttt o|F 10F7FF skt 7HE o2 {AE ot
20204 64¥9 %9

34
F3] 2FABTAA T /1AF RESAAT 20204 2958 FH3] HA7] A%

COVID-197} k818 0. & o]43kx|o] 2FAZT AR 3t FAlo] FolSo] 74} A%7}
B XA o

2
20219 SojA A ;
AR 2= 714 0] 3,000 & A50tR o A3 5009 F=oll 1A= RS Rl
opxe}o g 2% Wg-S o]-&3) AL MAPEQF RMSE= 242} 0.1213, 961.8527°] 31T

E\I
E

T 4. A AZ7141 ARIMAX OS2k

colour = ARIMAX = Real Value

7000

6000

Actual

5000

4000

2019-07 2020-01 2020-07 2021-01
date
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13| SAS 43 6IE20E ZEH3 Q+=gE geid

4.3. VECM =4 &1t
VECM o)|531314} 8He AR7HA T} thE WSS 9] Bgol A AMgshi e utet Ha)
U A3 ohA] 22 ¥ HolE & AFHESHIHH. VECM 4 A3t= ol (& 6)3 234474
2 ot 4] (17)7 2tk
H 6. VECM =% Z1}
A Price A Count A Articles A Import A Frport
ECT, -0.002(0.0043) 0.000(0.00) | -0.0022(0.0066) | 0.3967(0.185)" | 0.0574(0.016)"
Intercept 7.1079(19.29) | -0.069(0.136) | 9.283(29.529) | -1474.47(832.4) | -222.36(75.67)"
A Price, 0.26(0.054)" | -0.001(0.0004)" | 0.0998(0.082) | 10.617(2.335)" | -0.2576(0.2123)
A Count, | | 10.3573(8.279) | 0.4207(0.061)" | 124.45(13.35)" | -637.022(376.6) | -70.939(34.23)’
AArticles, | | 0.0682(0.0369) | -0.002(0.000)"" | -0.801(0.056)" | -3.867(1.5945) | -0.1756(0.1449)
A Export, | | 0.0149(0.0134) | -0.0002(0.00) | 0.0473(0.0205)° | 0.3048(0.577) | 0.0202(0.0525)
Amport, | | 0.0035(0.001)" | 0.000(0.000) | -0.0015(0.0019) | 0.0184(0.0525) | 0.0051(0.0048)
A Price,_, | 0.1812(0.055)" | -0.0009(0.000)" | 0.1966(0.0843)" | 5.0292(2.3772)" | -0.3543(0.2161)
A Count, , | 13.3292(10.90) | 0.0435(0.0769) | 135.44(16.69) " | -81.485(470.64) | 87.313(42.782)"
AArticles, _, | 0.0099(0.040) | 0.0005(0.0003) | —-0.312(0.061)" | 6.4895(1.724)"" | -0.379(0.1568)"
A Export,_, | -0.0032(0.013) | 0.000(0.000) | 0.0676(0.0206) | —0.0437(0.5805) | 0.0269(0.0528)
AImport, , | -0.0024(0.001)" | 0.000(0.000) | -0.018(0.0017) | -0.013(0.0471) | 0.000(0.0043)
(17) ECT,_, = Price — 155.86* Count — 0.70* Articles — 0.08* Import — 1.07* Export
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