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Korea Rural Economic Institute

ABSTRACT

A Study on the Application of Artificial Intelligence (Al)
to Improve Onion Price Forecasting

Purpose of Research

O Inrecent years, the importance of accurate onion price forecasting has
increased as price volatility has intensified due to climate change,
changes in production and distribution environments, and
increasingly diverse consumption patterns. Conventional agricultural
outlook systems have shown limitations in adequately reflecting the
complex impacts of weather variability and rapidly changing market
conditions. In particular, the current market environment is influenced
not only by supply and demand but also by storage, distribution,
consumption, and macroeconomic factors, highlighting the need for

more sophisticated forecasting methodologies.

O Accordingly, this study aimed to improve the accuracy of onion price
forecasting by applying artificial intelligence (Al)-based forecasting
techniques and to develop a prediction model that complements the
existing agricultural outlook system. In addition, the study examined
the applicability of diverse data sources and proposed a framework for
establishing an Al-based price forecasting system that can be
practically implemented in agricultural outlook services, together

with its policy implications.
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Research Method

O This study constructed a monthly dataset of wholesale onion prices
covering the period from January 2003 to April 2026 and collected a
wide range of explanatory variables affecting price movements. The
major explanatory variables included domestic market arrivals,
import volumes, the Consumer Price Index (CPI), weather data, and
storage-related variables. The data were preprocessed to reflect the
biological characteristics of onion production as well as the storage

and distribution structure of the onion market.

O To evaluate forecasting performance, both conventional time-series
models and Al-based models were developed and compared. The
models included Seasonal Naive, SARIMA, SARIMAX, XGBoost,
SARIMA-XGBoost, and STL-ARIMA-XGBoost. Forecasting
performance was assessed using multiple evaluation metrics,
including RMSE, RMSPE, MAE, MAPE, and MDA. Furthermore,
SHAP (SHapley Additive exPlanations) was employed to identify the
relative importance of explanatory variables and to improve the

interpretability of the Al-based forecasting models.
Research Results
O The existing agricultural outlook system generally demonstrated

satisfactory forecasting performance. However, relatively larger

viii



forecasting errors were observed during the early-season onion
harvest period and the transition from stored onions to newly
harvested onions. These forecasting difficulties appear to result from
the combined effects of weather conditions, storage inventories, and

shipment timing.

Exploratory data analysis revealed nonlinear relationships between
onion prices and the major explanatory variables. In particular, the
market response to changes in supply varied depending on storage
conditions and market circumstances, indicating that conventional
linear models alone were insufficient to fully explain price

fluctuations.

The comparison of forecasting model performance showed that the
XGBoost machine learning model and the hybrid model, which
combines time series and machine learning approaches, exhibited
superior predictive performance. In terms of point forecasting
accuracy, the XGBoost model outperformed the other models.
However, the hybrid model achieved higher forecasting accuracy
during the harvest season, particularly in March and May. Therefore,
for forecasting wholesale onion prices, it is necessary to consider the
predictions generated by both the XGBoost and hybrid models in a

complementary manner.
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O The SHAP analysis indicated that domestic market arrivals, storage-
related variables, the Consumer Price Index, and weather factors were
among the most influential determinants of onion price fluctuations.
In particular, several weather variables were found to exert significant
impacts under specific seasonal and market conditions, demonstrating
that the Al-based models effectively captured the complex

mechanisms underlying price formation.

Implications

O A hybrid agricultural outlook system that integrates Al-based
forecasting models with conventional statistical models and expert
judgment should be established. Rather than replacing expert
knowledge, Al should serve as a decision-support tool by providing

objective and data-driven forecasting information.

O Improving the performance of Al forecasting models requires
stronger quality management of training data and enhanced data
standardization. It is essential to improve the accuracy of survey data
and establish an integrated data management system that effectively
combines weather data, storage information, distribution data, and

macroeconomic indicators.

O Explainable AI techniques such as SHAP should be actively

incorporated into agricultural outlook services to enhance the



reliability and usability of forecasting results. Presenting not only
forecast values but also the major factors driving price changes will
improve policymakers' understanding and promote greater

transparency in decision-making.

O The Al-based forecasting model developed in this study should be
extended beyond onions to other major vegetable crops, including
garlic, Chinese cabbage, and radish, in order to improve the overall
accuracy of agricultural outlook services. Furthermore, next-
generation agricultural forecasting systems should progressively
integrate various digital data sources, including satellite imagery,

drone imagery, [oT sensor data, and online distribution information.

O Future research should continue to enhance forecasting performance
by adopting state-of-the-art Transformer-based time-series deep
learning models and real-time data integration technologies. Moreover,
Al-based price forecasting systems should be closely linked with
government supply-demand stabilization policies to establish a more
timely, scientific, and evidence-based framework for agricultural

market management.

Researchers: KIM Wontae, MUN Hongsung, LEE Misook
Research period: 2026. 2. - 2026. 6.
E-mail address: wtkim@krei.re.kr
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WAE A8 0 grez dAe

o

(i

O decay ¥ g3t A4 & F25 Uetdls M52 Aol APd+5 T
ARG &o] ASdhe 22 HHYs7] A 22 o FHE TL vIE T
ot F, A £AE 792 1, 892 2, T2 o 392 95 g& FL

of AABL FHTAE. THE B e 09,
- IR 4~6Y 43 0| F THE 3 397 AHE Y Avlshe Fefo]
7R5E thg o) 397 Ft Angel W2 Fhzo] FYH.
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Mg Bo) A 27lols 4o ulE Fo] AN T2 24% E
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p U 074+ kg | MEEHASPUNETAL -
q ORALRS 4k QI Bl E SUUSSAAAY -
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cpi EN=IDN=YIONES - SR8 ZAK|EH A|AE _
cold ot 2 71 T TN MRS EY | T EKT|R DY
precip MS 2 2 71 mm TIAE 7IAKIE RS | S S| 2 THA
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O HlolB = F5 &olda mHg s Aol w2t 2003 1€5H 20264 44
7HA 2] 280719 A AL o183t i=. F793 shEoll 224702 &9 dlolH

2 BEHAT, 5670 HAE HolHg =L BIsHEL.

O oI5 BFo] BEH W5 VZFAFS (& 3-0% L. =oHE, T4
oFsh I, 5 Pt A Sol MtfH A, TS We] B 52 ek
of Y B =Y BRAS H.
- o =i7FAE et 923.90]3 BFEHANE 359.7% WEAol &
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import_q 1

cpi 1
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I 0.75
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r—0.25

precip {
r—0.50
rot
-0.75
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-1.00
Az A2k 2.
I 3-4) Z5HP0| HtAIs
Ha 171 t-17]
q -0.41 -0.44
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T 3-5) EAEAHI(VIF)

e o= o2t e 2t
q 38.08 2.22
import_q 2.83 2.07
cpi 62.15 1.78
cold 4.72 1.0
precip 7.61 1.45
rot 4.79 1.69
decay 2.31 1.56
B4 &80 94 q, import_q, cpi= t-17], 71 &&= 7|2 &85
A AR A,
O HAA dlol8 Z4(Exploratory Data Analysis) A¥+& Sotd th&3
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- g AL G RIS, import = Y A, cpie DA ¥R
7HAS, colde AZE W8 B 714, precip2 2 A7 &, rot=
87| i 81 ulet. decay= ARHE F2 FAE Dslotd] T
o= 2HH o7 AAtEE gkl

X, =(q,_ 1, tmport,  cpiy_ cold, _, precip,_, ,rot, _,decay,) (1)
O HAl2ld 2P XGBoosti= YRHH 0.2 AIZF $5/44E J1efshe AAE 23

o] ofy7] WiZo AR ejof 271714 1, 2,
O % 3,06, 127149 ol sHt ol FEEHAE A
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1.1. Seasonal Naive
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1.2. SARIMA

O SARIMAL: U2 o] #17] 7}7&@ A o504, e
st A9 AAY 2FY. PPESE BEAA LI, o)

£ ol-&ohd 2(3)3 ol 2HH.

ﬂl
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>
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q

1.3. SARIMAX

O SARIMAX: SARIMAC] AHZE 2715l B o7 714S Hsz A
B35l Zko] BEO] A|AFS SARIMAZ EA5I= L2 Y

- e A WE | AAS0)T, v, = EYHSE APty G A3}
2 0]Z SARIMA 722 w24 3}

Yy = ﬁ’Xt + uy é}(@

¢, (B)p(B*) (1= B)' (1= B*)u, = 0,(B)O o (B°)e, 2(5)

I} 714 oz mg 721 37



1.4. XGBoost

O XGBoost(eXtreme Gradient Boosting)2 th9] 24 EZ|E &x}& o0&
]:‘]OH 7:]/\]— /\EJ 7]1:]]—]:]]/\']0:] D—]A E—]H 7]1%01 A—]o:] EOE‘_L}‘Q‘EH] ]—
H| A Y 4 52 5ot JE Y.

- A4)% 22 dlole WS o] 83} A(5)2 Lol k7 Ee] S T

2y = (Xtvytflvytfwyt737ytflzvmgw)vsiw)v wE3, 6,12 /‘K—K4)
~ A’
Yy = ka(zt) 21(5)
k=1
- 1
L=3y =y + 200, Q)= T+5xlwl® ()
t K

2. Spo|HEE o5 By

O Sol o= By MY 4 AAG Ly AxRe ulHY #aley
2 A 29A BFY. T DFOIHY AALL AP A £,9 v4F A
£ V9 o AWk A(7)7 2 Zhang(2003)0] B TEE HE

38



2.1. SARIMA-XGBoost

O 94 SARIMA IgolA AF dl&3 & W FAE 4HE5}1al, XGBoostoll
A o] WAE APUAET A4 IA ARLEER 431, HF 52

5 4ol o 4%

- G XGBoost®] BRI, me A ARE O[3, o] T4
A5t WA 2HE,

e =y + 1L é}(8)
M:G(Xtaet—la "'aet—m) /‘\4(9)
9, =L, + N, 21(10)

2.2. STL-ARIMA-XGBoost

O o] g2 kA SARIMAL}F tt2 4 STL(Seasonal-Trend decomposition
using Loess) B8] 2 A 2]sla, A& mjelo] 71 Al AL 383t
- kA EDAOJA STL £3)] 23} A&/Jo] 7hHAQl #o] o] o] 38
7

u9

I A4 oz g 731 39



- 97 d,0) AHA0] Y= ARIMAE ol &) A oI =3} 2L Auts)
11, o] ZAHE XGBoostS 0|83 Auoh Ax} ABESS o3}

AL S dlSg

- olF HE 2oz A13HY AL G 8, BN 4 TALH
42 I AW

gy =L+8+R, d=y,—5 Q(ll)
j\\ft = G<Xt’et*1’ ”"et*m) /3:]'(12)
:&t :3m(t)+glt+ At }'\‘](13)

3.1. 2% X4 | ol0|HIf20[E Z[X st

O SARIMA AL 2= (p, d, g)(P, D, Q, s)i= A AAE A% vIAE A& d
£ KPSS, AE AHE D= OCSB AFE &3l 2453w o] & A& A7t
AR A YA 4= e 7o E(Hyndman-Khandakar) @414
EAS 0] &3] AlCc to] HAs =+ 23S FEE 3

O XGBoostY] &8-S =0]7] f1gt sto|Hutetn| g 2| & SKHHyperparameter
Optimization, HPO)+= Optuna 7] A& ©]&-3] TPE(Tree-structured

40



Parzen Estimator)E FEFE7|2 &-835) 303 Aoz A X342 &
A5k .

=3 0] 83} 5-Fold= Aol EA3He

- ojnff, Z+ 52 AAIE IAHES
= RMSEE H A5 E 5192
9" —argmme ZSEk K=5 A1(14)
- 23S slo| W ol Bl = E 2] |4 (n_estimators), E2] ] Zo](max

depth), er5E(earning rate), EZ|G AME EE H]-&(subsample), E
2 A8 W4 H]E(colsample bytree), £7] A 71X|(min child
weight), A 4= (reg_alpha, reg_lambda)o|il &4 & L4351

1 A GRS T,

O P} 744 o2 5y 752 98] 8 W47t B, dlold Lol ¥
o B Wo] S50 BT FsAel 2A. oIF 95 AAG RAES
2 AYSGL. £ Stol Wit GAFLLE HAGL AA}] 95t
92 AAska 1 QoA HA 23S RES T,

l

- EZ|G ARE HE H|8(subsample), EZT AR W4 H]E(colsample
bytree), 7] |4 7F5X|(min child weight), 74| %= (reg_alpha,
reg_lambda) 52 AT A gEtulE o], o] HLE HFIAA
A AAAIA.

- 1d BT AREE Ed X Z1o](max depth)E 2-8& A|gtst L, ot
%S (learning rate) 0.01-0.3 2AAAILE L5t = 3

O ARIMALE <= AICE 7|50 2 gA5k= Zlo] ofYet AR E HA-S A3t

P71z =g 751 41



AICc= sl Aof 2= A& & AAstaL, Ab= A3t BIAE A= 6, A

A A= 22 AR

O & A7 5L Brhsh] 919 B B3 whalo] opd g A= 7|8t

I(rolling-origin) W02 285 7373 &8-S FH st}

fup
ol
to
iC)
R}

it

2 10 ot
oN

2@ A
%

15F A

- =

Z(Rolling Origin Validation) ¥4oA 2§ 7t 9=
Z<2:A4(Linear dependence)o|ut & F=0 = Q3] &
382 594t £3l(SVD)7F kA @ EQHE/d(Numerical
Instability)o] #A1E A%, 12 FAsH7] s @< B FIE
(Simple Average Ensemble)Z A5 AT E == 7FATE Ao &g
= T8

e

M
Ol

O Y7+ HHFAIEFTLAHRMSE), HoAlH2H]& 2 AHRMSPE), B4
R AHMAE), B A8 E-8 0 RHMAPE), B+ 943 (MDA) 52 o]

235to] 23107 o=8S Wy} v wslAf &t

- RMSE= Z

Ny =1

42



1YW
- RMSPE= =, x 100
ny=1 Yt
1 n N
- MAE=— 3|y, — ]
t=1
1| vy
- MAPE= =Y |Z—"1|x100
ny=1 Yt
- MDA = — Zz{ —y - )=y, 1) > 0] x 100
ny=1
T 4-1) L7HX|E H|Z
XE SH Tl £% i
RMSE QA | 71 el 2 2Rt 4= 712 et Gt
RMSPE AT @R} % = QR} ZAX+H|25} Z2 ZbHD
MAE Hif @ | 71 el X B3 I 015 24 IV}
MAPE Ao @t % S 22 0% Fat= HAl
MDA Ik % HIs 5o} 7124 A4 met

A AR 2.

k744 o2

2y 75

43






0} 7ty ollE 2 ot

1. 29 &

]

e

1.1. ARIMA Xt 478

O ARIMA 29 2| & A= A= (I 5-1)0f AASHAS.

- AEAE X OCSB AE @9 A4, v AE A& &= d= KPSS, A
715178t o]l 5HHd &< (p, q, P, Q)+ Id=vr-ItH72(Hyndman-

- B 9= po qe 6 ISt P Qe 2 ofsh A F71= 128 AASHA
i, Ay 2o o= AF o2 AYetEE 5193,

- SARIMAE (3, 1, 0)(1, 0, 2, 12)7} A g o7 Yepton, o] 232
SARIMA-XGBoosto| & &-835}9S.

- SARIMAX: (2, 0, 0)(1, 0, 1, 12)2 ARSI, STL-ARIMAE AEAZS
Baglomg AAZ glo] (2, 1, 1), 0, 0, 0)2.2 =AHYS.

I A2 o g BH 45



(E 5-1) ARIMA R}~ ALt

oy order seasonal order AIC AlCc BIC
SARIMA (3,1,0 (1,0,2,12) -142.40 -141.72 -115.14
SARIMAX (2,0,0 (1,0,1,12) -65.16 -63.67 -24.27
SARIMA-XGBoost (3,1,0 (1,0,2,12) -142.40 -141.72 -115.14
STL-ARIMA-XGBoost | (2,1, 1) (0,0,0,0 -151.14 -150.86 -134.10

A AR A,

1.2. A+ 8 &1
O SARIMAS} STL-ARIMA &% A= (I 5-2)9} (3 5-3)°] A5t

- SARIMA 74 235 29 v|A A A718 A (ar.L1)2 A2 (ar.S.L12)
o] 1% Q9404 AL SH T A0 2 UENES. o]l 735 A4 9

I 5-2) SARIMA 3 Z1t

mj2HlE A= BEZQx} p-value Cl lower Cl upper
intercept 0.0000 0.0005 0.9524 -0.0010 0.0011
ar.L1 0.2441%** 0.0532 0.0000 0.1398 0.3484
ar.l.2 -0.1456** 0.0641 0.0231 -0.2711 -0.0200
ar.L.3 -0.1393 0.0712 0.0505 -0.2788 0.0003
ar.S.L12 0.9862*** 0.0112 0.0000 0.9633 1.0070
ma.S.L12 =1.1404%** 0.0659 0.0000 -1.2696 -1.0111
ma.S.[.24 0.2481*** 0.0667 0.0002 0.1173 0.3789
sigma?2 0.0270 0.0021 0.0000 0.0228 0.0312

=% p{0.01, ** p<0.01, * p<0.01.
Abe: AR 24

- STL-ARIMA Ao A= A713] A% E(ar. L1, ar.L2)Z o5 FwFHma.Ll)
o] 1% frofsEolA #ol Aoz Ueided], AEEs) ol ARt

A A&7t o B E BAo] MIH T YSS T & AL,

46



(E 5-3) STL-ARIMA =3 Z1t

Ii2to|Ef A= HEQX} p-value Cl lower Cl upper
intercept 0.0001 0.0003 0.6729 -0.0004 0.0007
ar.L1 1.0905%** 0.0462 0.0000 0.9999 1.1811
ar.L.2 -0.2174%** 0.0441 0.0000 -0.3038 -0.1311
ma.L1 -0.9813*** 0.0561 0.0000 -1.0912 -0.8714
sigma2 0.0271 0.0017 0.0000 0.0239 0.0304
F 5<0.01, ** p<0.01, * p<0.01.
g A7 24
1.3. XXt M
O ZA} BAE (It 5-4)9} Zou], oA Ho R A7 4TE 2 AA et i
%7} 7837} obd A0 2 Ueh} XGBoost?} 22 Mg weol Wag
= gl
- Ljung-Box 23 SARIMAXE AQ|5tal 2% 5% FelolA AF7H
2 717 4 glol A7) WAz e e T o] £ AL Bl
- AT ol A ATE B BE BAolA 5% folzolAl

E 5-4) it A

_;

Bl v gAY 2dd AR L o -5 &

oy Ljung—Box p Jarque—Bera p ARCH-LM p
statistic | p—value statistic p—value | statistic | p—value
SARIMA 2.734 0.997 269,304.664 | 0.000 20.5634 0.025
SARIMAX 23.607 0.023 5,125.074 0.000 23.655 0.009
SARIMA-XGB 2.734 0.997 269,304.664 | 0.000 20.5634 0.025
STL-ARIMA-XGB 0.209 1.000 272,348.951 0.000 31.118 0.001
A AR A4,
it 44 o)z vy B 47



1.4. 2 8N

O F4% ARIMAZF 5A4F 02 oJu|7} Qo & HA A (stationarity)Z 71
A(invertibility)< W=55f|oF gt
- A2 A9 AL 54 a7t Aol Adof| whe HARSHA] kAl A
St= A< 9u|gh

I
_\‘l_‘

R,
ox,

lo
0,
offl
o,
EN
0,
>
i
M,
[
Ay
i’;
L
n&%
—?L
rir
of
fu)
Ll
==
gl
il
=)s

O
H
w
S
rr
N
A
H
of
1o
M
o

21 L FH A (Root Stability) 23t& 25 & AHigho] 1
= 2 AT 798 E B 355k A2 E UEd. o]= ZF ARIMA

7t BAXCE BFotY, dS2 AT 5 e RYS v EsdEe

23 54 AR 2 HHRY 214 MA 2 ozt
SARIMA 1.001 1.014
SARIMAX 1.131 1.188

SARIMA-XGB 1.001 1.014

STL-ARIMA-XGB 1.208 1.019

A AR A,
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mr
KIr

sl
160

P = il w29, 7 Aol wE o

1

1

]_

[

7} |
12} B2

AIE
[}

AA %

ol

3

e

Q.

(rolling-origin)
A

Jo

wmo

A ol

agoz 24 A

=

=
F1, XGBoost9] 4% g5 Hlo|H 2 74

O]

5= dlofE

=
=

]_
J-

2 ASAE

1:6]—0

16}

A,

mmo
~
o
|m
Tor
No
N

&

)

Faa

O]

7F

]

hix
o

=

o, HlX|0t=3 2§l Seasonal Naive Et} RMSE7}

RMSE, RMSPE, MAE, MAPE, MDAE £3%t&d o2
B U9l XGBoost7F &

o

T

g

=

Ko (I 5-6), (L™ 5-1I 2.

O 9
O 9

mal
od
o
0|

o5
W

gl

A

66.4% 7N



- XGBoost 2 SARIMA-XGB®} SARIMAZ} &8 A50] S5 Ao
= UEtE

- o, olE 9 FE =g YERE MDAE XGBoostTr 60%HE A3 gt
64.3%% Ho] 95FS HPAT, SARIMA-XGBE} SARIMAE #lX]u}
3 B R BA Yeg g dlSoA = sl BA UEhds.

H 5-6) 052 bl

2y RMSE RMSPE MAE MAPE MDA
Seasonal Naive 534.6 78.3 402.3 447 50.0
SARIMA 184.9 16.6 140.2 12.9 42.9
SARIMAX 277.0 27.6 2285 22.1 53.6
XGBoost 179.6 15.6 126.7 115 64.3
SARIMA-XGB 181.7 16.2 137.7 12.7 446
STL-ARIMA-XGB 280.1 30.9 196.4 19.7 55.4

A AR A,

(I8 5-1) ZE 0|5 X| & AlZst

= Seasonal Naive
Model Metric Comparison —— sarima
RMSPE —— Sarimax
Xgboost
Sarima-Xgb
=~ Stl-Arima-Xgb

MDA

A AR A,
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O & g0 g H7Ist dESA & A5kt (19 5-2)9 Z2HE K ¥l
0t 2 g2 AR 2|2} v ThE o] =& Ho]il 9] 0™, XGBoost, SARIMA,
SARIMA-XGB7} AA A& & u2lr= A2 skelst

(23 5-2) &HX|2t HIEX] AlZt2t

2500 —— Actual

—— Auto Sarima
—— Auto Sarimax
—— Xgboost
—— Sarima Xgb
—— Stl Arima Xgb

2000

1500

Price

1000

500

2022 2023 2024 2025 2026

s A A,

O 71 mgT o2 Bl GE 570 FotAS. AZ0] FAH3, 5
7120 ve Av HAHQ o2 L 2A Fobx A AT, A

2 7|& d&=o] BojZl AlHollM e dl5Eo] ¥ A" Aoz Eeld.

- 71& BP9 A58 (& 2-3)2 EH AR ScP]olM = Bl A b4

- FEU SN BY A5 7)€ d5Ee B A B dled =Y

¥t 7+ o% mg Bh1 51



- thgh, 71 A|EA] A& o] 85t w Yt

vt gt th27] i 2

(E5-7) ¥ 052 H|w

37

ro

AP 7|1E SN sarima | sarimax xgb sa)r(lgga— stl—)z:gtr)n a
‘224 34 0.20 3.27 0.10 0.44 0.04 0.10 1.18
224 5 0.16 0.05 0.23 0.16 0.11 0.23 0.26
224 6 0.37 0.52 0.54 0.50 0.54 0.54 0.67
‘234 3¢ 0.13 0.74 0.10 0.07 0.08 0.11 0.24
‘234 5 0.35 0.47 0.25 0.11 0.22 0.25 0.07
234 6 0.05 0.11 0.24 0.17 0.31 0.24 0.21
244 34 0.21 0.06 0.17 0.02 0.25 0.17 0.10
244 5 0.05 0.07 0.13 0.10 0.07 0.12 0.19
244 6 0.03 0.19 0.25 0.79 0.05 0.26 0.02
254 3¢ 0.12 0.17 0.17 0.01 0.23 0.17 0.01
254 5 0.23 0.52 0.22 0.54 0.45 0.22 0.33
254 6 0.24 0.32 0.13 0.23 0.13 0.13 0.03

Z: dl&8-2 MAPE 71& #4.

e AR A

2.2. 0152 2%

O B3 7t A& ztolg W7st7] Y3l Diebold-Mariano A4S X351

1, ARE RS Y9 Harvey-Leybourne-Newbold $£4& #-891% 3

52



O #lA|vta g tfv] 1% FoleEollA FolotA BE o] 953t Ao2
el on XGBoost, SARIMA, SARIMA-XGB 7t d|&8 zjol:= &
A| ot BAFCR &Y 2oV} gl ACE UET S

- STL-ARIMA-XGB+ XGBoost, SARIMA, SARIMA-XGB ©jj#] $-<=5}
A e 07 YEretS

O 943 A BH =L BAZ 0 Fo|7k gAY, XGBoost7t A 57
o]

(¥ 5-8) Diebold-Mariano Z2™ A1}

o8 Seasonal Naive | SARIMA | SARIMAX | XGBoost | SARIMA-XGB
SARIMA Eg’ ggg;

SN | o | o)

oBoost | ooon | (ossen | 00001

SARMAXGB | oo | (oomsn | 0000 | 056
STLARMAXGB | (oo | aco0e) | 09979 | 006 | 00250

Z21 99 540,01, ** p<0.01, * p<0.01.
g AR} A4,

3. 744 o= 7]o] &7}

O 714 o= 71of T3S 7] 98] A8 EIH= SARIMAXS] 34 A2 3l
o}1, XGBoost= SHAPS fA=Q T2 mjolel LXE F+Hot A &

P 714 olE wg BH 53



O SARIMAX &% Ait= (H 5-9)9}F Zo] AFelotS.

- 7HAE oA Ache W WY, LHAETHAE, d8 E- 7

4 2.9 37142 veh 2.

- WA 4 gk BRI 1% FeEolM AR [FofsHA LUEr

gom, FAjol2 RS A% £57} ()2 UG Tt £
A 271 019 AA ek,

- %9 Pt WMFHimport_q) E& A% $57F ()R ebAw, FAA
o2 §o)4e shas 2at

- 2HRE7IAS(cpi) ] A= 0.078E 1% F-94ZoA {932 Y
S AHAETIR|7) 5 SRJ(1 291 E) AF55HH oFnt 714 0] oF 7.8% AF
&3k A0 2 YR,

- Y3 T 714 (cold)= 5% S-olFol A J-2J5t

S}t
SHAH 7H2o] G5t G T O ek,

=z}
2 777} 42 Roje]Rris 94 a9l 20] izl

- log-linear® I3t ol-f= AgHo] 0 gholut &7F EAI8tAL, T5

TG 2 THAste] dSak 1A S b 5 B4 Al

54



(E 5-9) SARIMAX =4 Z1t

Ii2to|Ef A= HEQX} p-value Cl lower Cl upper
q_L1 -0.0000%** 0.0000 0.0002 0.0000 0.0000
import_g_L1 -0.0000 0.0000 0.7935 0.0000 0.0000
cpi_L1 0.0782*** 0.0028 0.0000 0.0727 0.0836
cold -0.0519%* 0.0260 0.0460 -0.1029 -0.0009
precip 0.0003 0.0002 0.2199 -0.0002 0.0007
rot 0.0002 0.0002 0.2959 -0.0002 0.0007
decay 0.0007 0.0006 0.2918 -0.0006 0.0019
ar.L1 0.9368*** 0.0577 0.0000 0.8237 1.0500
ar.L.2 -0.0463 0.0614 0.4505 -0.1666 0.0740
ar.S.L12 0.2059 0.2224 0.3545 -0.2300 0.6417
ma.S.L12 0.1261 0.1836 0.4920 -0.2336 0.4859
sigma2 0.0371 0.0036 0.0000 0.0300 0.0441

F: 0 p€0.01, ** p(0.01, * p¢0.01,
Rz AR A,

O "4 ©Y<I XGBoost, 22} af&0] 0]-8-3F SARIMA-XGB, STL-ARIMA-
XGB¥ & SHAP ¥ 38 %8 F7g5to] (19 5-3)0l AAIE.

2]
o] H& Mo|y 7 gro] & &, wehMo|d 1 Fro] e &2 2]
& 3 SHAP value 0 ¢ 71202 0850 9o 714 4%, #5
o] Qo 714 e o=k FE Y.

O WA, XGBoostd] 34 FLEES B t-17] /o] 74 o] Zo] 744 2 7]
od2 & Ao UEon] 7o) £ 848 o 1AL 45A7lE Aow

e

I 74 o5 vy B7h 55



56

1 7= 3704 ol 58t

a
TOoE YEE S, AlaLHE £ W 7é—°r %lf’] %&—741% FE A
9

o] 74 o]%E AEAIAY B HAY

Aol 71733 F, AHlE 5 BlAE anrt a4k AL <

XGBoost7} o|& &) o= HOst 98-S A|AFSH

- A ZYIA A9 A2 At

‘I_
Sol w02 71l ool S Fi A0 Ve,



(d% 5-3) ZYE SHAP 5%

SHAP Feature Importance Xgboost High
gl
p_lag_1 0o cosr sfrer @ o Worvie = 0. L7 T IS AR ) T T .
precip_lagl ce sems comemailhe
p_rolimean_3 o o
cpi_lagl -
p_lag_12
decay -
p_lag_2 b o
lag_3 3
p_lag_ g
cold_lagl e v
XGBoost ol H
il
p_rollstd_3 -
p_rollmean_12
p_rolistd_6
p_rollstd_12
p_rolimean_6
rot_lagl
import_qg_lagl
Low
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
SHAP value (impact on model output)
SHAP Feature Importance Sarima Xgb High
g
resid_lag_4 R L T e 0 tessntpiaYe d Mets Whor @
precip_lagl E T TR AT T T Ty W PN m
resid_lag_5 [ e e R
cold_lagl e enccmtmctetete o SRy mant s
resid_lag_2 B .
E}
SARIMA- qlagl Ry T ) g
I
XGB import_q_lagl e cb e sseme pegee -4" %
resid_lag_3 - e m«‘ =
decay [ 0-“
resid_lag_1 . —-"
cpi_lagl o =
rot_lagl
Low
—0.010 —0.005 0.000 0.005 0.010
SHAP value (impact on model output)
SHAP Feature Importance Stl Arima Xgb High
ig
resid_lag_1
q_lagl ¢ wwesssesd oo
precip_lagl
]
STI__ rot_lagl E
ARIMA- g
cold_lagl ®
XGB £
decay
cpi_lagl
import_q_lagl
- Low
—0.04 -0.02 0.00 0.02 0.04
SHAP value (impact on model output)

A A A,

gt 714 oz mg W1 57



YA BYesEol 02 Jez 71 d50) ZEHT Ut A

O 4% BROIAL 714 259 Aol A Yehtort, XGBoosto] 1A
FRE AL I WSE0] 714 o Fe] T Fa3 7]0S 33 Y Aoz

erg.

O s} 742 cZo] Yol AR AHRFRAASE F AT A B Fag
A %

2w UeRda, A4 B710] A%ke A8 4
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O o]&gt &4 ATE HIFCE & Ao 7€ P AL vrdsh=
Seasonal Naive 0.2 AA5t1, AEZ Q] A|AE 2F 2 SARIMAS} 9
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1. ARIMA 28 2} g

(8 1-1) SARIMA R4 ERAH

SEE

order seasonal order AIC AlCc BIC
3,1,0 (1,0,2,12) -142.40 -141.72 -115.14
4,1,0) (1,0,2,12) -140.65 -139.80 -109.98
2,1,0 (1,0,2,12) -140.01 -139.48 -116.16
2,1,1) (1,0,2,12) -138.94 -138.26 -111.68
@,1,1) (1,0,2,12) -138.54 -137.51 -104.47
2,1,2 (1,0,2,12) -137.93 -137.08 -107.26
@1, (1,0,2,12) -137.47 -136.63 -106.81
2,1, (2,0,1,12) -136.57 -135.89 -109.31
(1,1,2 (1,0,2,12) -136.14 -135.47 -108.88
2,1,2 (1,0,1,12) -131.15 -130.48 -103.90
1,1,1) (1,0,2,12) -130.56 -130.04 -106.71
2,1,1) (2,0,2,12) -127.84 -126.99 -97.17
2,1,2) (1,0,0,12) -109.32 -108.80 -85.47
2,1,1) 0,0,2,12) -107.96 -107.44 -84.11
2,1,2) 0,0,2,12) -105.17 -104.50 -77.91
3,1,0 0,0,2,12) -102.43 -101.91 -78.58
3,1,0 0,0,1,12) -99.47 -99.08 -79.02
2,1,0 0,0,2,12) -97.12 -96.73 -76.68
2,1,0 0,0,1,12) -94.10 -93.82 -77.06
0,1,1) 0,0,1,12) -90.17 -89.99 -76.55
(1,1,0 (1,0,0,12) -88.46 -88.27 -74.83
0,1,0 0,0,0,12) -63.37 -63.35 -59.96
0,1,0 0,0,0,12) -61.37 -61.32 -54.56
A AR A,
r=1 73



(HE 1-2) SARIMAX Xt EHAH

order seasonal order AIC AlCc BIC

2,0,0) (1,0,1,12) -65.16 -63.67 -24.27
(2,0,0) (0,0,0,12) -61.69 -60.65 -27.62
(1,0, 0) (0,0,0,12) -61.27 -60.42 -30.60
(1,0,0 0,0,0,12) -59.37 -58.33 -25.29
(1,0, 1) 0,0,0,12 -56.71 -55.46 -19.23
(1,0,0) (1,0,1,12) -41.79 -40.30 -0.90
(1,0, 1) (1,0,1,12) -41.70 -40.21 -0.81
(1,0,0) 0,0,1,12) -41.09 -40.05 -7.01
(1,0,0) (1,0,0,12) -39.44 -38.41 -5.37
(2,0,0) (0,0,0,12) -34.38 -33.13 3.10
(2,0,0) (1,0,1,12) -34.58 -32.84 9.71
(2,0,0) (2,0,0,12) -24.07 -22.59 16.82
(1,0, 0) (1,0,1,12) -16.82 -15.57 20.66
(2,0,0) (2,0,1,12) -17.06 -15.32 27.23
(1,0,0) (1,0,0,12) -14.74 -13.49 22.74
(2,0,0) (1,0,0,12) -14.60 -13.34 22.88
2,0,2 (1,0,1,12) -9.11 -6.79 42.00
(2,0,0) (1,0,2,12) -6.95 -5.20 37.35
(1,0, 0) 0,0,1,12) -4.39 -3.14 33.09
(3,0,0) (1,0,1,12) -4.72 -2.98 39.57
(3,0, 1) (1,0,1,12) -1.83 0.19 45.87
(2,0,0) 0,0,1,12) -1.01 0.24 36.47
(2,0,0) 0,0,2,12) 26.90 28.38 67.78
(2,0,0) (2,0,2,12) 32.31 34.33 80.01
0,0, 1) 0,0,1,12) 267.84 269.09 305.32
0,01 (0,0,0,12) 275.36 276.40 309.43
(0,0,0) 0,0,0,12 448.00 448.85 478.67
(2,0, 1) (1,0,1,12) 1,085.78 1,087.52 1,130.07
(2,0,1) 0,0,0,12) 1,275.12 1,276.61 1,316.01
0,0,0) (0,0,0,12) 1,432.75 1,433.42 1,460.00

Az AR} 24,

74



(FHE 1-3) STL-ARIMA Xf= B

order seasonal order AIC AlCc BIC

@1, ©,0,0,0) -151.14 -150.86 -134.10
(2,1,2) (0,0,0,0 -149.32 -148.93 -128.87
0,1,0 (0,0,0,0) -141.62 -141.61 -138.22
(2,1,0 (0,0,0,0) -141.65 -141.46 -128.02
©,1,1) 0,0,0,0) -141.25 -141.14 -131.03
(1,1,0) (0,0,0,0) -140.51 -140.40 -130.29
(3,1,0 (0,0,0,0) -140.55 -140.27 -123.51
1,1,1) (0,0,0,0 -140.35 -140.17 -126.73
(0,1, 0) (0,0,0,0) -139.63 -139.57 -132.81

A A2 A4,

2. 238 72 A7) ag

(B 2-1) SARIMA Xtxt2| ACF, PACF

Residual ACF Auto Sarima

Residual PACF Auto Sarima

0.00 ',ll‘ o0 o0 o “l NP S 0.00 ?,l$' P “L-' PP

—-0.25 —0.25

-0.50 -0.50

-0.75 -0.75

-1.00 -1.00

0 5 10 15 20 25 5 10 15 20 25
A A2 A4,

=]
2] 75




(8 2-2) SARIMAX Z#Xt9| ACF, PACF

1.00

-0.25

-0.50

-0.75

-1.00

Residual ACF Auto Sarimax

Residual PACF Auto Sarimax

o1t

1.00

0.50

.'QTQQT!.T

[ t.erety
T3

-0.25

—-0.50

-0.75

T T ?rree
7o °

25

-1.00

s A A,

(8 2-3) STL-ARIMA Ztxte| ACF, PACF

1.00

-0.25

-0.50

-0.75

-1.00

Residual ACF Stl Arima Xgb

Residual PACF Stl Arima Xgb

1.00

0.50

-0.25
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3.

O

TS BY &9 ZEAX

dut oS By HE2 dAE, Y 74, oS3 AHE S A H I AA|
T (FE - DI ES.

data_processor= YRS v O & TAH fo]E £4(EDA)< X
stal, g9 dEHolg & HRst= ATS T o] 84| HE flsf
< AAE7HA] F5E HlolHE P9 YHHo|E|R Ao & Wk £
= 2E9.

models2 &1t o & 2P O 2 =4 sarima, sarimax, xgboost, sar-
ima-xgboost, stl-arima-xgboosto] Wt F+X& HotR 1L, LF F
Z3LE Qs gA HY: 124 HoldeE T,

trainer+ config, data_processor, models®] ZE U-8& 9joje} 2 J
o] &g} 9 sh5Z AdPstal, EHH|olE B T} oS 3
LE 5 HolE

predictor= H|&f A& &G0l Slo1A dl&5l= ZEE, sh5o] EUal A
A 2y 1S 9lojet EE HlolHE v o2 u|Ff JESX &

= 2=9.

%
o
ol
N
N
ot

o
Y
~
~



- diagnostics= o] g=H Yo gt a4 52 AHot= HERE

siE 2ol 247} ghA selate 2.

(RE3-1) S 0= 2 28 1Y

2= I 24| L&
data xlsx GIOE M, OHE AL, 0= & 7t
config yam! HolE 2/, 54, 0N, 45 4%
data_processor py X2, AXIHE EDA AE
models 9% 2 Ho, gzt 4H
trainer 9% 2 &Y, o, Bt
predictor py o2 o= A=
diagnostics py REXE A4, SHAP 2Tt S
utils 9% 35 7L
future predictions xlsx 0|2 O|=X| i
F: 7 BEY o] F2 TEAT WY AT A, FF B oY 75 Sl wEt el gt

T A=

Az AR A,

O 94 v]Ff &2 @O config TFUOA] train_size=1 A%, @ data Lo 4
=2 dg 9 o= 4 3 F71, @ mo|meel A, @ dSA] AEE A E.

- confige= Hlolg A=, A, Fd 529 w4 4 7|& 52 4o}
o7 1y gt d AE 7R AFS YA (= 3-1)
A HA] BEY] train_sizeE 1 v|HtoE HAAsH €. HE5 824 9:1%2
Sl A 52 A

- AA ) d&E YA E (FE 3-1)9 config Y 4 Fol train_

sizeE 12 AAoMH H.

78



(R 3-1) config It 27181 HIZE)

Apzz: A A,

- data TLolA #S 7Hse b =Hi7HE, '—_HL/“_} S I, Y I
I, AHARE7HA (R 77
Y T (HE 3-1)7 Zo] 1§ l"i——""i—oﬂ A &stalA}t sk d2 71t

- 71 0|5 28t 743} o] A&t A}; St SHHR p= o R T4, 1}
A A&} W (lagged) = HIZEO 2 (-4
3T o] A &S ATt ol S =T

- 9Je} Zro] 3LA3}HAL “python data_processor.py’ & A3Y5HH oj&3}aL
Aok A9 ol A AxpAae} vl Fof 2 Wart 22 o HE
Hi pE St E Aso® FAE.

o
Y
~J
O



(R 3-2) 2xta 4

date p q import_g oil cold precip rot decay
2025-05-01| 812.4815 24301 1560 1502.15| -2.33333 75.5 0 0
2025-06-01 767.44 18784 747| 1505.43| -2.33333 1795 0 0
2025-07-01| 974.2222 14523 1459 1531.55| -2.33333 175.5 EZ 1
2025-08-01| 1085.64 12804 2440| 1535.74| -2.33333 175.5 341 4
2025-09-01| 1076.923 14514 2901 1530.67| -2.33333 175.5 34 9
2025-10-01|  1091.25 13193 2736| 1536.82| -2.33333 175.5 341 16
2025-11-01| 1051.042 13254 2364 1619.1| -2.33333 175.5 341 25
2025-12-01/ 1050.231 13663 2746 1650.49| -2.33333 175.5 341 36
2026-01-01 10484 12737 2580| 1600.08| -2.33333 175.5 34 49
2026-02-01 9921 11925 2283| 1587.26| -2.33333 175.5 341 64
2026-03-01 714.24 15637 2266 1828.92| -2.33333 175.5 341 81
2026-04-01 723.96 19277 2001 1979.31| -2.53333 97.5 0 0
2026-05-01/ 570.038| 25770.05 94.56| 2,005.71| -2.53333 97.5 0 0
2026-06-01 705| 19567.78 80.35| 1,998.65| -2.53333 97.5 0 0
2026-07-01_1,014.68| 25693.19| 70.03704] 187089 -2.53333 97.5 125 1
1| 2026-08-01 -2.53333 97.5r 125 4
@ @ ®

A AR A,

- ol 7IA] Gt&0] FHH I thx Yo 2= B oy I Q. FE Hlo]
E{7}A] Sh5E 2@ 7HA] o]-8o] H Q51 “python trainer.py —tune” =

AgPstal, 71& By FEE HF O & |55t H “python trainer.py —

T2 EELY
Z|M HI0|H7K| &l python trainer.py ——tune
71E 2 FEH 018 python trainer.py ——refit

Az AR A,

80 1



e

- 2y gh5o] &= 5 “python predictor.py’ & Yol vl =X
t+19] & AFET = UZ. oY, 2 B P SR} A TS A= A

2

28 A4S 93IAE config ZEONA TG olE ¥€9 train_sizeS

1 vRto g A3k, predictor BE2 A28t YA REES A5}

- modelsol X 289] £ WS FYAAY 4T 5 L.

- diagnosticsol A 9] Sk TPgTH A B4, A% g 5 AESte] B

A
oﬂ Hl—oc};_ /\;Hs ES 31—%.

o
Y
(0]
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