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EXECUTIVE SUMMARY

A Study on the Development of
a Seafood Trade Outlook Model

Ki uk Han - Myung su Kim - Eun song Won

1. Background and Purpose

1) Background

= Due to the high volatility in the global trade environment,
establishing effective supply and demand strategies for the
domestic seafood market has become increasingly important.
* Compared to other major food groups, seafood has a high dependency
on trade, meaning even small changes in the global trade environment
can have a significant impact on the domestic market (Natale et al.,
2015).
= Trade forecasts that consider the effects of various factors
such as economic conditions, exchange rates, and
production on the seafood market are expected to serve as
critical data for policymakers and the industry in developing

export and import strategies.

XV



- Considering the significance of timely responses in shaping

industrial competitiveness, building a model that allows for
short-term responses is anticipated to be highly beneficial for

practical applications.

2) Relevance to National Projects

XVi

= Developing a short-term trade forecasting model for seafood

is aligned with the government’s national goals of “dynamic
economic growth driven by the private sector and supported
by the government” and ‘realizing a harmonious society

where everyone is happy.”

(Exports) The government can play a key role in supporting
specific policies to expand exports by setting export targets and
formulating strategies for market diversification. This can
practically help private companies seize opportunities in new
markets and strengthen export competitiveness, promoting
overall economic growth and contributing to a better trade

balance.

(Imports) Stable price management can ensure food security for
citizens, helping to stabilize domestic seafood supply and
demand and minimizing price volatility, thereby reducing the

burden on consumers.

(Competitiveness) Implementing timely adaptive strategies to
address the evolving trade landscape can empower domestic
seafood companies to secure a competitive edge in the global

market. Such measures are expected to have positive long-term
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impacts on sustainable growth and job creation, contributing

to national economic stability and competitiveness.

* This initiative is directly related to the KMI (Korea Maritime Institute)
Smart Research Roadmap, strengthening the evaluation and delivery

of seafood supply and demand data.

3) Purpose

= This study aims to build an effective short-term forecasting
model for seafood trade, considering the uncertainties of the

global trade landscape.

- By conducting an in-depth analysis of specific macroeconomic
indicators for short-term forecasting and using a multifaceted
approach that includes economic analysis and deep learning,

this study seeks to support trade-related decision-making.

* In addition to providing trade forecasts for overall seafood, the study
examines the forecasts by major categories (seaweed, tuna, shrimp,

salmon) to explore the model’s scalability.

2. Methodology

1) Academic methodology

= Trade Structure Analysis: Review seafood trade trends and

examine the theoretical background of trade determinants.

* Trade determinants: Theoretical background review on factors such

as price, economy, exchange rates, oil prices, and production factors.
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* Trade Data Analysis: Conduct exploratory data analysis on
key trade determinants, followed by a process of time-series
stabilization.

* Bxploratory Data Analysis (EDA): Detect outliers using EDA and
Z-scores.

** Time-Series Stabilization: Perform ADF test, STL decomposition, ACF

test, etc.

= Extraction of Trade Impact Variables: Identify variables
among the key trade determinants that are likely to be
suitable for forecasting Korea's seafood trade using the Best
Subset Selection method.
* Forward Selection: Gradually add variables to improve model
performance.

** Backward Elimination: Remove variables one by one to eliminate

model inefficiencies.

** Random Forest Regressor: Train the Forward Selection and Backward
Elimination models with a Random Forest regression model to identify
variables that are repeatedly significant across models, assessing their

influence.

= Trade Forecasting and Predictive Accuracy Testing: Perform
analysis and forecasting using key models, followed by
post-validation (economic model) and predictive accuracy
testing (deep learning model) to ensure the model's
reliability.

* Economic Model (Dynamic Regression): Measure the impact of major

issues on the seafood trade market.
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** Deep Learning Model (LSTM, GRU): Generate forecast figures for

seafood trade.

2) Policy-making methods

= Expert Consultation: Review the suitability and reliability of
the model through consultations with trade forecasting
experts from universities and research institutions.

* Bconomic Model (Dynamic Regression): Review the suitability and

reliability of the model with experts from institutions such as Seoul
National University, Ulsan National Institute of Science and
Technology (UNIST), Pusan National University, and the Korea Rural
Economic Institute (KREI).

* Deep Learning Model (LSTM, GRU): Review the suitability and
reliability of the model with deep learning experts from institutions

such as UNIST, Sogang University, and Hanbat National University.

= Policy Consultation Meetings: Plan to hold consultations with
relevant government departments (Export and Processing
Promotion Division, Trade Cooperation Division of the
Ministry of Oceans and Fisheries) regarding the operation

of the seafood trade forecasting model.

= Journal Submission: Submit the seafood trade forecasting
model to an SCI journal and is currently under validation

process.

= Performance Reporting Conference: Present the model at the

KMI Fisheries Policy Project Division's performance reporting
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conference, with feedback from both the designated and

open discussions incorporated.

3. Result

1) Summary

XX

(Trade Structure Analysis) South Korea's seafood trade has
steadily increased since the market opened in 2000 but has
experienced fluctuations due to the financial crisis, natural

disasters, policy efforts, and diseases (such as COVID-19).

(Exports): The primary export destinations for South Korea
include China, Japan, and the United States, with key export
products including seaweed and tuna.

(Imports): The major sources of import for South Korea's
seafood include China, Russia, and Vietnam, with primary
imports consisting of salmon and shrimp, including shrimp

meat.

(Examination of Trade Market Factors) Amid global issues
affecting seafood trade, the theoretical background and
correlations of trade determinants were reviewed for market
analysis based on these factors.

(Price Factor): Price factors can be explained through

comparative advantage. South Korea's seafood exports show a

negative correlation with export prices, while imports exhibit
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a positive correlation with import prices.

- (Bconomic Factor): Economic growth theoretically drives trade,
with empirical evidence demonstrating positive correlations
between seafood exports and global economic growth or rising
incomes, as well as between imports and increases in domestic

disposable income and the seafood price index.

- (Exchange Rate Factor): Exchange rate fluctuations are known
to affect product price competitiveness. South Korean seafood
exports are influenced by the KRW/JPY and KRW/USD exchange
rates, while imports are affected by the KRW/USD exchange
rate.

- (Oil Price Factor): Oil prices are generally known to reduce trade
demand, but there is a positive correlation with both seafood
exports and imports in South Korea. However, further empirical
analysis may be required to validate this relationship.

- (Production Factor): Production factors can have varying
impacts depending on the degree of substitution between items.
In South Korea, there is a positive correlation between seafood
exports and imports, but the low competition between imported
and domestically produced items suggests the need for

additional analysis.

= (Trade Data Analysis) Prior to conducting empirical analysis,
the data structure of key variables such as trade (exports,
imports), price, economy, exchange rates, oil prices, and

production factors was examined.

- (Exploratory Data Analysis): The data structure for each major
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variable was analyzed, and outliers were identified using the

Z-score.

* It was found that the export figures for frozen bigeye tuna in 2010
were incorrectly recorded, so the data was corrected using

interpolation before further analysis.
(Time Series Stabilization Process): To prevent issues like
spurious regression, the stationarity of major time series data
was examined using unit root tests. Unit roots were found in
most variables, so a data stabilization process involving log

differencing was applied.

(Derivation of Trade Impact Variables) To select appropriate
variables among various factors, Best Subset Selection was
used. For seafood exports, export price, exchange rate
(KRW/JPY), oil price (Brent crude), economic indicator
(global per capita real GDP), and production volume were
identified as key variables. For seafood imports, import
price, exchange rate (KRW/USD), economic indicators
(domestic per capita disposable income, seafood price

index) were determined as relevant variables.

(Seafood Exports) In both the Forward Selection and Backward
Elimination models, the key variables identified were export
price, economic indicator (per capita GDP), exchange rate
(KRW/USD), and production factors. Seafood production volume
and export price, in particular, were found to have a significant
impact on exports. After comprehensive consideration of the

analysis process, the exchange rate was ultimately determined
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to be KRW/JPY, selected through Backward Elimination.!)

* (Seaweed) Export price, economic indicator (per capita GDP),
exchange rate (KRW/USD), and production factors were identified
as key variables. Production was a particularly significant variable,

driven by the high global demand for seaweed.

** (Tuna) Export price, economic indicator (per capita GDP), exchange
rate (KRW/USD), and production factors were identified as major
variables. Given that tuna is produced globally, price and production
were found to be the most influential factors.

- (Seafood Imports) In both the Forward Selection and Backward
Elimination models, import price, exchange rate (KRW/USD),
and economic indicators (domestic per capita disposable
income, seafood price index) were selected as major variables,
with import price demonstrating the greatest influence.

* (Salmon) Import price, exchange rate (KRW/USD), economic
indicators (per capita disposable income, seafood price index) were

identified as key variables.

sk

(Shrimp) Import price, exchange rate (KRW/USD), economic
indicators (per capita disposable income, seafood price index) were

identified as key variables.

= (Derivation of Trade Forecasting Model and Predictive Accuracy
Testing) A combined approach using economic and deep

learning models was proposed.

- (Seafood Exports) Analysis of variables selected through Best
Subset Selection using Dynamic Regression (SARIMAX) showed

1) In the case of the exchange rate (KRW/USD), it was ultimately decided to use the KRW/JPY
exchange rate based on a comprehensive review of the analysis process.
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that all variables aligned with theoretical expectations and were
statistically significant. Both post-validation and predictive
accuracy tests demonstrated high performance, with slight
variations observed by product. Cross-validation with deep
learning models (LSTM, GRU) showed strong model
performance, indicating that both models (economic and deep
learning) are suitable as representative models for analysis.
* (Seaweed) A rapidly growing export item due to increased global
awareness, seaweed exports were most influenced by economic
indicators representing global demand (per capita GDP), as well as

exchange rates, export price, and production volume. However, oil

price was found to have an insignificant impact.

** (Tuna) As a globally produced item, tuna exports were most impacted
by price, with other factors such as oil prices also contributing to
its trade dynamics.

- (Seafood Imports) Analysis using Dynamic Regression of
variables selected through Best Subset Selection confirmed that
all variables aligned with theoretical expectations and were
statistically significant. Both post-validation and predictive
accuracy tests showed high performance, with some variations
by product. Cross-validation using deep learning models (LSTM,
GRU) demonstrated strong model performance, affirming the
suitability of both economic and deep learning models for
operational use in this analysis.

* (Salmon) Price-related variables, specifically salmon import price and

exchange rate, were found to have the greatest impact on salmon

imports.

** (Shrimp) Rising domestic per capita disposable income was identified
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as a key driver of increased shrimp imports, alongside the influencing

factors of import price and exchange rate.

2) Policy recommendations

(Model Operation Plan) To continuously operate and manage
this study's model, it will be named “Sea Weather (Domestic
Trade Forecasting Model)” and a systematic management

process will be established.

(Management) A four-step procedure—data collection and
preprocessing, model training and evaluation, prediction and
result interpretation, and operation and maintenance—will be
reviewed quarterly each year, and maintenance will be

conducted to incorporate any changes into the model as needed.

(Expansion) To enable trade forecasting for various products,
the model will be expanded to include additional variables.
Given the significance of production as a key trade determinant,
leading indicators such as climate change will be incorporated

as potential influencing factors.

(Integration) Although this model already utilizes variables
related to trade trends, further integration will be explored to
enhance analysis. For example, the sentiment analysis results
from the Sea Watch model could be used as variables in the
Sea Weather model to improve inter-model connectivity.

* (Sea Watch) A model that extracts articles from News API, which

covers over 80,000 global news sources, to derive major global issues

through Keyword Analysis, Sentiment Analysis, Word2vec Model,
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Dynamic Time Wrapping, and Growth Model (Han et al., 2022a, Han
et al., 2024).2

** (Sea Weather) A model utilized for analyzing the impact of global
issues on Korea's seafood trade (Dynamic Regression) and deriving

forecasts (Deep Learning).

= (Model Utilization Plan) This model can be regularly used to
provide foundational data for formulating seafood export
strategies and to produce monthly forecast data. It can be
applied on an ad-hoc basis to assess the impact and forecast

consequences of emerging issues.

- (Regular) (Annually) Provide data for establishing seafood export
strategies, (Semi-annually) provide data for responding to
second-half seafood exports, (Monthly) produce seafood export

forecasts.

- (Irregular) Analyze the impact on the seafood trade market in

response to global issues.

* Example: Analysis of trade market impact due to exchange rate
fluctuations, COVID-19, and U.S.-China trade tensions.

2) Han et al. (2022a); Han et al.(2024)
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Model Operation Plan(SEA Watch, SEA Weather)
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Model Utilization Plan
Category Content Utilization

1. (Annually) Global seafood consumption trends
(KMI Overseas Market Analysis Center)

2. (Monthly) Global report creation (KMI)

Global Issue | * Global issue analysis (Ministry of Oceans and
Analysis Fisheries)

3. (Weekly) Nuclear power plant issue monitoring
(KMI)

4. (Irregular) Report writing and other uses

SEA Watch

1. (Semi-annually) Development of a second-half
seafood export strategy (supported by Ministry
of Oceans and Fisheries)

SEA Weather | Trade Forecast | 2. (Monthly) Seafood export forecast calculation
(supported by Ministry of Oceans and Fisheries)

3. (Irregular) Impact analysis based on issues
(supported by Ministry of Oceans and Fisheries)

4. Expected Outcomes

1) Academic effects

= (Theoretical Contribution) This study contributes to academic
research on the seafood trade market by presenting a new
trade forecasting model that combines economic variables
with deep learning models. This lays a foundation for
developing models that can be applied not only to seafood

trade but also to other food categories or industrial sectors.

= (Promotion of Multidisciplinary Research) By integrating fields
such as economics, data science, and artificial intelligence

to perform trade forecasting, this study underscores the
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importance of multidisciplinary approaches and fosters
collaboration and research advancement in related fields.
In particular, the combination of deep learning models with
economic analysis can introduce new research directions in

academia.

= (Advancement of Data Utilization and Analysis Techniques)
This study leverages time series analysis, machine learning,
and deep learning to advance the academic development of
data analysis methodologies. By conducting empirical analysis
in a specific industry like seafood trade, it demonstrates the
practical applicability of data analysis techniques, providing
a reference for future researchers adopting similar analytical

methods.

2) Policy effects

= (Support for Policy Decision-Making) By providing accurate
forecast data for seafood export strategy development and
import management, this study can improve the validity and

effectiveness of policies.

= (Enhanced Crisis Response Capability) Supporting rapid
response to sudden changes in the global trade environment
helps maintain stability in the seafood market, providing a
basis for appropriate response strategies during crises,

thereby contributing to national food security and public
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dietary stability.

(Strengthened Policy Linkage) The study is directly linked to
government goals such as “dynamic economic growth led by
the private sector and supported by the government” and
“realizing a harmonious society where everyone is happy,”
contributing to the achievement of the government’s long-term

objectives.

3) Social and economic effects

XXX

(Enhanced Export Competitiveness) By providing accurate
forecasts for the seafood export market, this study helps
private companies respond quickly, strengthening their
competitiveness in the global market. This capability is
instrumental in identifying new market opportunities and
formulating export diversification strategies, ultimately

contributing to domestic economic growth.

(Alleviation of Consumer Burden) Stabilizing the prices of
imported seafood can enhance food security and reduce
economic burdens on consumers by minimizing price
volatility, most notably with highly import-dependent

products, thus improving the standard of living.

(Sustainable Growth) The operation of the seafood trade
model will support the sustainable growth of the fisheries

industry in the long term. This is expected to have positive
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impacts on job creation and regional economic revitalization,
playing an essential role in enhancing the competitiveness

of the domestic fisheries industry.
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H2E EAX fioje E4

B e 41 o B0 fat 712 8-S A=k, HojEo] 4
SR} HeA el WA=, 7H B4sl Axjoltt. AxRoA
A7k wayshe o] AaHOR o]fojx|7] ojgi7] uhFelc

TibE B A HEste] § 25719 MeE AESHITH

E T T4 F90 9= vA AR aidEE F8 18
7N MEe] 25 AwESITh ZF W] gt 7|2 $AEE oFl 5
Fg 4= Qlok. gl ANE & (export_w) ¢F 57 11 EolH, &
AHE EH(export_v)Z & 19 o4 B8 U2 & 4 o €4
TAhE Y (import w2 9F 409 84

=
T T
(import_v)< F 39] 34T &8 2942 & + Utk

*it=E A= PESTE: = FE FAE

T =&Y TEN Ly At U TN
(export_w) = (export_v) (export_p) (export_rp) | (import_w) | (import_v)

o 51.17 160.22 3.13 8.92 408.52 332.62
BHEEX| 15.06 56.07 0.66 3.60 108.84 139.79
ESEN 23.46 68.10 1.64 4.57 135.16 102.74
25% 39.67 110.63 2.70 5.97 327.09 218.55
50% 49.50 157.86 3.08 8.29 395.59 327.19
75% 60.00 203.96 3.50 11.72 481.58 438.59
Z|CHat 126.98 325.34 4.90 30.44 774.30 690.50
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st FS umoop mwsas 0S8 108

T (mportp) P  Trgqp) (n) | SE6DP | =ESLS
(import_rp) (rgdp_per)  (pgdi)

BTy 0.80 53.64 | 68,068.95 66,887.40  6.38 1554.50
BEHX | 0.24 84.34 1321717 20,854.48  3.09 467.56
A|A 0.30 247 4651499 32,949.19  2.05 821.25
25% 0.63 483  56,797.10 4814473 3.42 1157.33
50% 0.79 16.71 | 67,202.21 73,899.54  6.17 1529.65
75% 0.96 59.55 | 80,063.75 81,695.86  9.07 1914.84
Z|CH3 1.49 447.24  92,694.50 10391979  11.91 2624.60
TS we | of s HEEAA  an2

ap | AR EREE AEs SO oo LS
E(;tﬂ;_ (ex_usa) = (ex_jpn) | (oil_dubai) (oilwt) | (production)

i 74.48 1143.58 113.43 63.83 63.40 267.0
WXt 20.10 106.82 22.02 28.88 25.77 94.58
E|agh 44.68 915.86 71.39 17.88 18.84 114.30
25% 5413 1087.22 97.03 39.58 44.4 193.91
50% 78.41 1136.60 108.01 62.89 61.46 253.22
75% 92.47 1196.67 132.09 83.56 82.14 331.85

gt | 11213 | 146198 16467 | 13665 = 140.00 | 630.50
X2 M R

2. 0|¢x] HE

3, & EF(Export_w), =7 (Export_p, Export_RP), &Y &
(Import_w), AJ4HProduction) HOJEJ|A] o|AFZ]7} ERI=|Q]Lt.

PAE & B9 42 20109 129 EFQ219 24 E)o] 4= =2
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g, ol 9% wtgol & =0l $8 oM x4

A7) o] A7 FAZ mebsiglct. wetbd 20109 129 3% ot

Fo] & EF2 20109 19~1199] "t 27148 &89 AAkE
sttt 1 23 20109 128 SEue} 4 5 B2 7)€ 21T 2

A 2ol 128 73 2o £AENeH, ol mE E7H, G4 7|E
3.48%/kgoA 3.058/kg= E = Ut

U =PI IR oAZE AT 94 B)E9leY, dF A=
o #A= AAl Y AHog glFo] YAt IAHEE E83lV|= 31
o ok, ibe AR B¢ YRSl w2 7S st ol
A7 U 4 AL wEstlen], Z-Score’d OFA7E BAEHEE A

g IRS B4 B3| Sl

H3E AlAIE Fgst T2MA

282 AAY doleg g v 8 A5 A WAl 5
3] AALG dolele] ehgAe] TR e JRoA EALS 49T o
YT S+ Ak BAS Zol] S8, o] B BaAol

AAE ElolE o] A oS wEshr] s F8 Hof His) ADF
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9= sttt ADF A9 B p-valueZt 0.05E 2™, A+
7HA(So] Ath= 71Ztstal sfid AlAIE T8 7t A< 7RIt

2= AA "oy 24 27, She(ex_usa) WE A9ty B Wyt

T4 T = Oo =2
TS = peEeh == F=ME F=AME
T == +=H N | AT = QU
(export_w) | (export_v) (export_p) (export_rp) | (import_w) | (import_v)
ADF Test| -1.78 -0.48 -0.94 -2.00 -1.31 -0.99
P-value 0.39 0.90 0.77 0.29 0.62 0.76
sopiy 8 wmepp Fmzas (NS 1S
T2 s ;) SH7HA (radp) (g<r31i) 7 HEGDP IUSAS
=" (import_rp) (rgdp_per) | (pgdi)
ADF Test -1.16 -2.16 0.72 -0.45 0.21 2.21
P-value 0.69 0.22 0.99 0.90 0.97 0.99
+ME

MEEA  2ar2
SHQIL | MM

(oil_wti) | (production)

e AHX | HEletg | dlEE | SFHIO0IR7E
= 27IKI%=  (ex_usa) | (ex_jpn) | (oil_dubai)

(scpi)
ADF Test  0.37 -2.92 -2.39 -2.63 -2.75 -1.48
P-value = 0.98 0.04 0.15 0.09 0.07 0.54

7Y BAAE AHel AESo] 4P FA(rend)E Holw
S Rl 4 Sk olsk B 4P A W BEI] IR
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2) STL =3l

STL 3= AAD dHlolgE AEAl(Seasonal), FAl(trend), ZA}
(residual) /g0 2 Eofgtct. o]2f3t EiE Balf vlolE 9] A7t wE
el w4 e oefd 4= vk £4] ik dEHAoE Al 714
FQ I x=2 HAEHtrend, seasonal, residual). E4 A= o<}
2t

O FAhE $=(export_w, export_v): FAALS 714 F7F ¢S
UeRar glom, AEd dE2 et F714 'S HoEt, o]
o

Oll

.

L 5E%0] Aol vz W5 4 U uidh W Tane
W8 Py RelAat gl 4% oAt waEr

W

@ FAME 27 (export_p, export_rp): A71Z 072 Al5oh= A
Holw, gt A4 sfjdo] At [} oA Hol= ¥
T2 5 a9 9sf AT 4= Uk

ftlo

® 44 $A(Import_w, Import_v): SAIA2 A7 J7F A3
Uehfa glow, AdZA sjgo] WEHT

@ FARE U7 (import_p, import_rp): A% FAE Hol= 7k
4, =2 HedS Heloh

® A A HE(rgdp, gni, rgdp_per, gdi, scpi): ¥4l =X+
UA FES] A5 FAIE Holal 101 AA o] dE=EA
;ﬂﬁog_ﬂ gl%g quzq_ 7;“;@;(4 [AE CE{X] o 2'4_7
A W0l A5 sft A= H| W H ?_}xé’ﬁlfli et

_ =

® TH(ex_usa, ex_jpn): FA= E4F2 5}“% H5/go] It AEA T
B2 T35 AT Axpe EF5 E-S el o) 3
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3) ACF &M

8 AAE HPEY AATAAS AE| Y3l AT e g
8519}, AL HlolEle] o] o] o]% o] vk} Jake o
AeRe 2Asl= ZoF ACF EANAME  AFF7Hconfidence
interval)@ Ag3te] A0l BAH §O4E ARSI, AFTRES Ho
U ACF #12 SAH R fofaittal 1Heit). ol 3id ARl A <]
A7)/ <o) ofyzt AA| HlolE 9] WS vhgtti= ofulo]t.

O FARE F=E%H export_w, export_v): 27| Ao 435] =2 F9
A7 R3S EO]“%, ol &% HlolE7} AlZto] whet HgAQl
HE-E& Heltks AL Yepdth I8y AR 7ol whet A3t

G7E A} a5t] o} WE H71Mel FA] JFL W 5

o -

@ $AME &7 (export_p, export_rp): 7| A|AfoA Atz o7
=2 9 AEEE HolX|uh £ HgHtE 9 FERR.
o= 714 ZAAo Tt 8Rlo] AL = 9SS Qu|ditt

® F4ke A= (Import_w, Import_v): 27| A4 AFs] =2
¥ A7V FES HolH, o= U= HlolE7t Azl et oFY
2l eS ERltke AL Uepdch AxpE 718l uhet A3
S7F AAF FAste] Z714Q0 A0 G TS & U2 AXRITH

@ AR $A7H (import_p, import_rp): 7] A4 =2 49
ARG Bolol, olF et

® AAA A HE(rgdp, gni, rgdp_per, gdi, scpi): AAAE T #H
T2 27| AARAN 22 ABAFE Hold, ol= AHA dlo|gr}
AT FAE 2T S-S UERAT AR mE A A=
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AT 2 APolAE Fa Wl el 21 e, X, 2R A
1A wpEe st AAY 7o 5 olRe AdEsi

T Ay, 2aHER0] 7 anpAo|glon, 2R Al HE W40 T
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(8 3-13) £ H£0| He|Z Y Zi(Zih)

M2 EY A= 2EY  FEH  AEEVHE lE2YE sllE Uy

= (export_w) | (export_v) | (export_p) ' (export_rp) = (import_.w) | (import_v)
ADF Test| -5.60 -4.04 -9.31 -7.10 -10.72 -4.63
P-value 0.00 0.00 0.00 0.00 0.00 0.00
20174 | AOWTWIIZY | AIXIGDP | ZDIEAE 1218 1 ?:I%r

=1 N R ToU | MEGDP | =UEAE
(import_p)  (import_rp)  (rgdp) (gni) Grons) | )
ADF Test| -8.07 -5.58 -3.30 -3.08 -3.20 -2.30
P-value 0.00 0.00 0.01 0.03 0.02 0.00

A2 A HEIAA
T mse amg  mwogr PR suswe

= =2 A Z2XIO oL-o

T E(Z E:) !;" (ex_usa) (ex_jpn) | (oil_dubai) (SOITEK,;; (production)
ADF Test| -3.39 -11.67 -5.74 -10.21 -12.17 -6.05
P-value 0.01 0.00 0.00 0.00 0.00 0.00

Atz KA AR
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@ A EDH: BE TH53H 0% B42 B3t DHOR ARfBIC,

@ 4 57} E0Y: DO 71 S 7[0fots B4, B0 M50 7K He
W12 FRICE D30 H50| O O =X Q7ILE S 40 bidof T2 x|
2~3CHAZ BE2BICY

=2 LT

© &= U((stopping criteria): Ba= M £ HZHO 2 HEHE H-S T Holohs RES A

(24 2 E]
SA2 S8l LT} 20 ZHES| S 4 It HHE7 20| QICHE T2} 20| B3E
ACt.

V=0, + 51X, + B, X, + "’5;Xp+€
07N Y B4 MAGEY 5), X = ST HAGNES 712, 318, M 4B ), B
A==, ez QAL JOICH 2X HAY E2 OEn 22 7|[&22 W8 M.

AAEAF = argmax y e o p— value (X;)
2t A0 A 20l ZLaE H S0IM p-value?t 71 &2 B, SAX2Z 71d S5t
X O A} ML} B47t BN MATHE, e HASE 280| AT A50]
CHAl H7HEItt

INE=RPAIN RS
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3) 4 ZQ(Random Forest Regressor)

2 d7olde 2l Hg Addge fs) 4 23R A9H, 34 A
AH)S WY ZHAE 3|9 BFPog T, 7 59 FRTE A
Z3tshs S AR o3 HH L 24 ZPolA F835H thEoiRd
A7t FARJA, 283 g M7t 239 dlE Adsoll ojHdt dFe

A=A gofshs b ke Fh

(H 4-3) HE ZHAE 317EM HQ
=& Hxt gl dH=

(A =z}

@ A& HA: Y ZHAE 3| 2HS 45t

@ B Il 2 TE MEHI SX HAHO 2 MEE M-S0 5 27| SHELL Ol
sl H|—'E 3o ot7| |&0lCt,

B3 28 S [RI MEfHO|A MEiE E—’r—;(selected features_forward)2 A5 2
2 2gA7|1, 2 HO SR EE ARSI R KIAZ0IA MEiE Ha-E
(selected_features_backvvard)% A20o10 SYUSHESHS TIA| E2IA|7|10, O] 59
QT E HARSICE

@ At & A ME EHOIA P2 B0 SQEES Ot 2T = A[ZESloHK Hlw St O
£ Solf O H~-50] 24 20| e 20| o 2 FaS 0X[=X| MREC = 2f0lgt =
Cf.

2 Hi 2]

e T AEO| ZF ERji= HIO|E2 REAEH MIE(HHOR MEHE ME)S AIZ5I0] &5
Ct. 2t E2J0M 2% L.E(decision node)= S8 4 X;% f 5P05| HIOIHE 25t O
20| 0|E RLFE AAA7 = HEO| k2t QEIHA

=
=
He X0 525 [2w 20| BHE 4

H0l S
O|
— AN

Ct.

Importance ( ) 2 error(t, X )

teT

07| T e HAE D80 DE ER|S LEHYT, t= §E E2|, Aerror(t, X,)=
i%Ar%a——Er%EOMEa to] Q2 ZtAN 7|05t HES 2JOj3iCt Aerror(t,X;)
0| 22 X}0|Z oJ0[5}H, Ol YHIKOR GiniZAE(22) F= MSE(3(H)2 2t
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= 8T B4 F8 5 A ne 4 e 29 9
UeRdth. o] F 383 F8 HeE A

o8 AR A 2 V1A, BARE, B, §7F T HeEe] I2A A
A AL oI 4 9k a7y 87Hoil _brent, oil wti), AAAIE
(rgdp_per, ngdp_per, gni), &(ex_usa, ex_jpn) TFENA= o8] H
S7F AdgE A7 JoeER QRIE HEo B4 A4 52 didsh]
Qs AF BAS 712 At FA| o2 xS HESISIH
o|Z24 FF WH4E $ARE 4K production) ¥ &7 (export_p), 4
A X HE(rgdp_per), T&(ex_jpn), F7Hoil_brent)= A5t Tt.?

(28 4-3) Hs 2= (M= +5)

Featurs Importance of Selpcted Features

mmm Forward Selection
Backward Elimination

4

kel
w

Py —

Featurs Wngarance
@ I
e hi
.
&
!

Zefecied Features

INE=RPAIN RS

7) TEEMN 2A(VIF) 21t 87Hoil_wti: 7.8, oil_brent: 7.9), AHX|E(rgdp per: 3.5, ngdp_per:
55.4, gni: 63.6), 22(ex_usa: 1.7, ex_jpn: 1.8)2 LIEIL}, 2t SI=H ZAX Q01 & (HM Q= H4E
24 Yoz 1243H0l5t 25 24 59)
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7 5% A% 99 A AU 33 AAEE
£ Aot Y WEe Fo A Wk 4

27} (export_p),

ARE5lo] AAst HE
] AJAFH production),
AARX #(rgdp_per, rgdp, ngdp_per, gni), TH&

(ex_usa, ex_jpn, rex_jpn), +7Hoil_brent, oil Wti)o]lﬂr. A TG A

EZ P83 54 A% Texo] Jskel 7 Aol 520 ulX: o
e B o2 ebi, 8 324 3 S22 Yol Fa 4
€ 9T ¥R AHHL flee AET 5 T
(B 4-4) 4 Me] ZTHE 23)
T e ST HAY
P o . \\\
e 50 \\\
o ~
H o~ 3
“ \
L .
A= KA EH
(33 4-4) B 52 ZiH +2)
Feature importance of Selected Features
% LER
o céé'? & < B g/@ éﬁf‘ &{Vg écg;&‘ = &{&?i - = &3&'&
|-§_: X-IN- pNPS|
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2) Hx|

A 75 AL St Mg AY Ao o2 2o A Ak
(production)®} ~&7F4(export_p), AAIAH(rgdp_per, gni, ngdp_per),
3H8(ex_usa, ex_jpn, rex_jpn), S7Hoil_brent, oil wti)7} A=A}
A9 B #E7H0] 200 7MY =2 FFES MA= AR UER
=4, ol= 2 A4 o8E = A 7H BAYY 8482
252 0 L= o

[ an
H H 3 s i 7

i H 3 B
Hurber o Faatures Rumber o Faatures

A= KAt 24

(13 4-5) W= 2 ZHHR| +8)

Feature importance of Selected Features

ik mmm Forward Selection
e Backward Elimination
[
hd
E ez
2
2
e
B
H e
&
7 5 = s = = < s i
? il < + s * 5 < +
& &7 =7 e &F W F Y o7 & F
=5 <<4“ ch!
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(3 4-7) 7 WY HAGHE 42)

Backward Elimination Scores
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1 2 3 4 5 6 7
Number of Features
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At 52 AAY BFollA FEHoE FasH 1H BEE =Y
7FA(import_p), ¥r&{ex_usa), AAXHE(pgdi, scpioltt. ol<jo] X3P
HE PR E(rgdp, rgdp_per), TE(ex_jpn), F7Hoil_brent, oil_wti)
7b F8 WLE 1EEQoY, S £E AT BYoA HeE AgId
A FLH, TFHQ AEE B = AT S5 v 9714
(import_p), ¥&(ex_usa), AR HE(pgdi, scpi)s A=oATt.

(28 4-8) ¥4 QT (RME £9)

Feature Importance of Selected Features

W Forward Selection
W Backward Elimination

Feature Importance

b3 R \5“’0 R z.s' & 49\ 2 & %\70
& © & & &?‘ & @bq?w &+>

Selected Features
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o] Y AGZ IR ¥ A" Aake v A Ao £47HE
(import_p), AAAHE(rgdp, redp_per, pgdi, scpi), T&(ex_usa,
ex_jpn, rex_jpn), +7Hoil_brent, oil wti)7} A=At EFujct =
BHoE ARH ARE FAHo Fi & A= Aol Y7H(import_p),
Sra(ex_usa), AAAH(pgdi, scp)E F8 HeE 2A6IH
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ckward Elimination Scores

5
03
H
. /
1 2

Az MAHEA
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(33 4-9) 4 S=(AN 8
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Feature Importance

s s

%
o

b S & = & & & S
o «F &7 &5 s B &
o <
Selected Features

A= MAF S

96



g
e

0
40
12
02
od
r'E
T
H
h
o
D

2) M

S Y A= ARt Mg Ad Ayt o2 2 S 297H
(import_p), AAIAE(rgdp, rgdp_per, pgdi, scpi), &-&(ex_usa,
ex_jpn, rex_jpn), +7Hoil_brent, oil_wti)7} A=A}t ZPujct
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HaE 2Z3

E &7 (export_p), AR E(rgdp_per, gni), T&(ex_usa, ex_jpn),
47Hoil_brent), A4S AAHproduction)©] $83F W& YERET HE
H, 2 AAHLE BE ¥4 2R BPoj|A AlZeto] Fa5HA] g
HEE AT EHN BP9 EHEE o, dF H50] thd Tas
= A%S Both 8 WsEs #AE $£E7H(export_p), AR
(rgdp_per, ngdp_per), $H&(ex_usa, ex_jpn), F7Hoil_wti), A=
A Hproduction)o] A=A}, WY ZHAE J)|9 LPES Fofl HF 5
Qx5 Frist A7, $£AME AAKproduction) @ &7 (export_p),
AR R (rgdp_per), E&{ex_jpn), f+7Hoil_brent)7} F8& <& g ¥
T2 24U o] My ¥ 38 5 F59U A FHA: 5

s HE=

FANE 99 A, AR AgHE B9 =U7HE(@mport_p), BAA
H(rgdp, pgdi, scpi), TE(ex_usa, ex_jpn), 47Hoil_brent)7} 523t
HeE Ueidth 34 AAES AR 2, $497H (import_p), A
A H(rgdp_per, pgdi, scpi), TE(rex_jpn, ex_usa), +7Hoil_wti)7} F
Q W ZAEL dY IYAE J)9 BP0 B4 AAE Fdoto
=4 A% WS $U7H(mport_p), BE(ex_usa), BAIA|E(pgdi,
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ulee] B o] 2 I vk 5 87 BFL B dolgg
AAe] oE Wz AHgle] A7Y E5] WE WekE e ofsfel
= Fioh AAXEY 87 Hel 22 9% 2SS EPFORA, B
3 ARE A3 ol Exk WA mERY 4 ok

=M Hx]

O OIO|E Z=H|: A|HL HO|EE £Eloty, TR AR AR(differencing)2 Sofl HadS
5l

@ B4 MEH: ARIE T2ol0] S8 HLeE . O] 2FH0lM ACF2t PACF(Partial
Autocorrelatlon Function) AIEE 241510 I_*}XE*SJ ANEIZ AR A 0|q
o

fon

fe

J

@2 FxE il* JHIé..—.‘?:.*(Ordmary Least

Eshma‘uon)E 23510 28 OI2}0|EE EHSHT

@ 2 M ’iﬁf BAE Soll 2YO| MedS HIIBICH TR} A TZ(white noise)2
E42 A=Al RIS

©® 0 31 5hAY: DHS AIBSI0] DJ2H0) S 551D, H4-0) 42 Sof 45| Yzl
7|5}
o — .

(24 yre=]
$AIO2 C121} 20| S 4 QI
=Byt 0 X Xyt o +ﬁp‘X;*p e
Y, S A0 B4 HMGEZ S0, X, _ | = ARt k01|A1°| HMGME 712, 88,
H AR S)0ICE 0] B ARHE 71RICHL S #i4 [, = =2 X _ AR €2 QR

S0|H, YEPo=z Hd0| 02! 2t Ha= 7ottt
NSNS
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o, & AFolxe 54 g4 g 94 B Yol SARIMAX(Seasonal
AutoRegressive Integrated Moving Average with Exogenous
variables)E& &85t} SARIMA ¥ 52 3|2 o| th=3s] AR}
£ 13t 3)9) E4olghd, SARIMAXE AlZAT A7|3]1H(AR), °1'5H
#HMA) 84F Tl o E57 AAIE dde A9 o s 20l
ch. °1§~ 3 & Wit ofu e}t Al A 213 AIAE Y A7t

A grgste] &9 =g =Y 5 Utk

(E 5-2) SARIMAX

Hm
<
fo

[y B — = O
[EAM HXH
SH 2|2 2t RAfRHEXIS Solf 245 DAoLt SARIMAX 22 A ZH IEHS B
oqouu £ QIOM QA AT} =T1E SEHZ X17|5|H(AR)Q} O|SHA(MA) QAZ Tal5H= X}
250 2t
[24 YEe]

Y A0 B2 BAAEZ S)0IH, X, = A t-KOA] S Bi(AAE 71,
HAYE S)0ICt D, Py = X7 I1S1HAR) A1, 0,0, = 015HHMA) Al S8 ¢ 6.e 5
B X, 9 A%, €, = H0| 021 @} Sl0|Ct.
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H 5-3) ©2J(LSTM, GRU) 7L
=4 B AYE

24 H5
@ BIOJE| ZH|: A BIOJES 27451, ZER| X2, 01| S8 HHBiLt,
(614 At SO S 01~ ol 55 wiam Mot O Hsl 8 BESiE A
© 28 32 SO/UILRH0IE SUS St S, 8| 2|, fET 5 S8 st
® 28 F1 APIE HOIES| =82 T2fE0] Azt 7j5t wxt 452 S

o X|E=

O = |.
® 23 B7k MSE, RMSE, MAE & Aot 29| d55 E/IRIT

OII

Pl
—-—

|J_L

(2 o]
DLSTM: &5 AIZBHRNN)S| HSIO2. AZio] [2 BJ0JE|0| 57| OFEAS aTHO2 sty
S Bl AR et 2t mate A b0l S 22 Mol Lao] dif H='s 0]

ESl= 2&0|5.
=) UZH H|0|E(forget gate): O A AEY ] _ | 2 HEBE HOKt RA[SHX| ZH5I= H0|E0]Ct
07 |M o= A|120|= 245} Sk %'—HEH-HD# W—‘Ef = 212 7 KSR IRHHES LIEHHCE
ft—O'( [f,71$f]+bf)
=) 21 H0|E(input gate): A 71|0|EE MER ZEE A SE0]| YoMt F71ER| 28 st
C}. ojtf G & M2 S ZHo|ct
N iy = O(I/Vf- (h,_yz,]+b;)
C, = tanh[ W [,y 2] + be)
=) 4 YE YO|0IE: O] & et M=R2 FEE ZElold o”(Hol M MEHE AH|0|ESIL,
G=f" 071"_%*0
=) £ 70| E: I A MEfO| OfH BES E25tX| ZH5H, h, = X2 24 AE{0|Ct
Ot:U(VVO'[ht_px,‘]_" )
h, = o,* tanh(C,)
@ GRU: LSTMEL} th==5t LR Z 92t H0|EE &K YO|0|E H0|EE ARSI
=) YH|0|E H0|E(update gate)
z = O'(I/VZ' [ht—l,xt] + bz)
=) M&H HO|E(reset gate)
Y, = o(Wy-[hy 2] + by)
= M= Y=
h; = tanh[W-[Y,*h, | 2,] +b,)
=) T 24 AE YH0|E
hy=0—2)*h,_,+ 2z,*h,

A= AR A
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7F(export_p), Y& 3IE(ex_jpn), -F7Hoil brent), BAAE
(rgdp_pen)= 2753t}.8) 40 &84 Hlo]e Q] A HolgE=
20001 2€5E 20239 12971419 At=7t ARGE A S5 H(y)el
3t T=A|= 287710]th P2 SARIMAX(2, 0, 2)2 AA =it} o=
AEA 8471 gl= ARIMA 2399 7] IHAR) & 271, 2=
(differencing) @& 07N(EILAE Atm &-&: Hlol& 9] A4 7H), ol
HHMA) F 2708 AHESHIT

B12(ex_usa)2 415 EAOIA SHK RO140] SR 010 U B (ex_jpn)2 DHU) Bk
5 X| 212 0] R 4412 FH2 BUS U= 08 et £50| 0|20{X|2 97| T2
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106



e
r=
Mo
Ho
19
r
~
A
o=}
H
og
f
He
=2
i
i}
oy
ox
o
Gl

O 29 498 H AP

- Log Likelihood: 239 271 9% o] 383.812& =01, o]t Hgo]
=4 HolgE & dystal S uldit

- AIC, BIC, HQIC: o] Al 7}#] 7]&2 23 9] Aol EALEE A
#H3E AJolt}, of7]A LE glo] Atz oz vol Hyo] tojEo
Z A=A, g olifoZ EXsHA] S-S YEhdt

@ AT ¥49 594

- AHE &7 (export_p): p-#t°l 0.0002.2, bz &0 vl
OJ3t L WA= AL HojEth AGE -1.10558, $&7140] 1%
A5 W AR $EL 9F 1.11% A4S uldit

- 8{ex_jpn): p-#t°ol 0.00002, FA] v foJatc}. A= 0.53702
2, Tgo] 1% AT o $4E 52 oF 0.54% 71t

- 7Hoil_brent): p-#t°] 0.001Z, §7F W% FA| S4HE 20 83
FFE "L A= -0.1604%, 77 1% BT W ke £E2
oF -0.17% F4astct.

- ZAAA E(rgdp_per): p-g°] 0.0602.2, 27t EA4t 0.10 0|5l &
ARoz fositt. AleE 1.5513°02, FA A4S0 1% Z7H o
FAE $2L2 9F 1.55% SVt

- PAME AAEHproduction): p-gte] 0.012%, BAF0g qolsitt. A
£ 0.0659%, JAkgo] 1% 3718 o) 24ks =52 <F 0.07% S7HiT.

® 239l W} Ak

- Ljung-Box Q: p-#f°] 0.902.2, Zxto]| 5-2Ju|st 714/ do] §la2

|

i
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Ueh,

- Jarque-Bera Test: p-#t°] 0.48Z%, A7} HAFEEE 2= o2
AT o Aot

- Goldfeld-Quandt Test: p-#k°] 0.99622, oA do] gl3= Uehdch

@ ARMA &
- arll, ar.L2: A713H &9 p-#kZ ZH2F 0.003, 0.00022 w9~ f-2fs}
th. o= A5 ol A AFY 2 Ashes o FouEt 9%

o)Xtk Ag oulsitt.

- ma.ll, ma.l2: o|5 B+ &9 p-gto] 0.0002= % Fejsitt. ol=
ol Bt ol R oA Fho] @A A9 3k Ack= Hl -Roulgt
FFE vHtE AS vt

- ma.l2: ol% B F p-grol 0.084F <7t &=At 0.10 oJ3}ofA]
BAH o Fositt.
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SME 29 Y| MY DY 1= U o5 7Y 05
(B 5-4) 38 3 HEM AuKME +5)
SAME MFN| +E
Dep. variable export_w No. Observations 287
Model SARIMAX(2, 0, 2) Log Likelihood 383.812
Sample 2000. 02 ~2023. 12 AIC -747.625
Covariance Type robust BIC ~/11.030
HQIC -732.958
2 Al
= coef std err P>z
export_p -1.1055 -15.824 0.000
ex_jpn 0.5370 4.351 0.000
oil_brent -0.1664 3.327 0.001
rgdp_per 1.5513 1.884 0.060
production 0.0659 2.504 0.012
ar.L1 0.5763 2.980 0.003
ar.L2 -0.3417 -4.830 0.000
ma.L1 -1.2017 -5.862 0.000
ma.L2 0.3280 1.726 0.084
sigma?2 0.0040 11.278 0.000
2 Fct
Ljung-Box( L1) (Q) 0.01 Jarque—Bera Test 1.48
Prob(Q) 0.90 Prob(JB) 0.48
Goldfeld-Quandt 163
Test
Prob(BP) 0.99

A= MAHES
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@ Time Series

- A WA 2 AAD dolE Lkt S48 SEwe] that 44
AZE Aol whE wiskE HelFid), Yolgi Akl ue} gigsel
Hole] gk 24U AdAgo] Holx] ek

@ Residuals

-5 zam e 2 05 435 G oI B e
44 ool 729l Sarsfor glek. ol
= ;W} el ek A% B4 AT, 2 o] g6l 0 5l

O
O
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3
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® Autocorrelation Function(ACF)

- Al A e A7 SEHACHE BolEt ol AlRKlag)ll W
A JHEAE HERdT. diR-29] A7 AF F7E ol fAlst
o, 7L 34 Yt} o= wEo] ZRA 0l A7HE LRE & &

S ek g AT

@ Partial Autocorrelation Function(PACF)

- Y WA gz BE XA $(Partial Autocorrelation Function,

PACF)E UeHdith. PACF= THE Be ARR] 32 A7 AHiolA <]
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@) H=" Ay

(12 56-2) X 3|7 TYQ WX HE(FMHE +F)

0.3 4

0.2 4

0.1 9

2 239 28 7hse AU & = 7h

ste Aol ol & A7olA= 20004 2 d

2EPE A1, 20229 19~202349 1299 AL AEA
o

FogIc 24 23 ASAek AYA el S B SAES

— Actual
—— Forecast

2‘%—0.17
INE= PNV ESES)

712 A% 24 M9tk MAE, MSE, RMSE &2 2% WA Uye
Uil Qlo], =& o8& Holn, R-square FA] 0.6437% =2 A
< HQIh

(B 5-5) 88 3| MYl o (FAE 2E)
45 Y NE 2t
MAE 0.0019
MSE 0.0376
RMSE 0.0434
R-squared 0.6437

N A2
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2) z9 2=Y

1«
A léo} 1 #18 A4 +&7H4(export_p), Y& Tre(ex_jpn),
+7Hoil_brent), A 221119 A& GDP, rgdp_per), $ARE AJAEF
(production)& 4* HeZ At 7] &0 9% v 4 =
AR e P57 Y, auto_arimalpython) s &85t ot
gholE gAS S35 SARIMAX(1, 0, Dx(1, 0, 1, 12) 2¥& BAsIATt
AdA 842 ARAPISH) T MAClEE4) =
] 5

AA stH, AFAY 8A4RE 12708 719 ART MA 32 2442 sh¥
rgkste] A7 HES aEsHA Skt

B4 Z3, F8 & 23 8R102A $£E7H(export_p), T
(ex_jpn), BAl 2%1(rgdp_per), A4t 2%1(production)°] FFE v|A|+=
Aoz yepgdth E3] ZA 89(rgdp_per)2 A &0 & FF 1]H]
= 39 99107 Yehgdsd, o= 8 QQl(FA 89l)o] &of ZAZ
A AT skl Z= AARITH

St o8 A AAS 33t 27, Liung-Box Test
£ B0 2F A} 7ol Fou|gt A7l = SISkt TS
Breusch-Pagan Test?} Goldfeld-Quandt TestE 53f 2%} 9] 5&
Aol FAIE a2 &I & ot I8y Jarque-Bera Teste] 2
J"Jr p-#°] 0.01% Weh x50l A4t 225 w24 9= 74l A

o2 YERALE ol= R0 A& T

o
i)
1
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(B 5-6) 38 | H2M AuKH +5)
4=
Dep. variable export_w No. Observations 287
Model SAFE;Mé‘Xi 1 12) x Log Likelihood 369.954
Sample 2000. 02 ~2023.12 AIC -719.909
Covariance Type robust BIC ~083.314
HQIC -705.242
2 A=
= coef std err P [zl
export_p -0.3091 0.115 0.007
ex_jpn 0.3562 0.144 0.013
oil_brent -0.0016 0.044 0.971
rgdp_per 3.2749 1.118 0.003
production 0.0284 0.016 0.075
ar.L 0.2762 0.074 0.000
ma.L1 -0.8980 0.035 0.000
ar. S.L 12 0.9348 0.030 0.000
ma. S. L 12 -0.6652 0.066 0.000
sigma2 0.0043 0.000 0.000
B2 Flc
Ljung—-Box( L1) (Q) 0.40 Jarque—Bera Test 25.28
Prob(Q) 0.53 Prob(JB) 0.01
GoldfeITd-Quandt 0.50
est
Prob(BP) 0.99

Atz MAHEY
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EE& A7 Aol wet & AP Hol

A g 9 e A0
% 9t ol mao] Holelel WEe F Eelw UL ekt
Residual DistributionoA= Zkx}o] B} okt Q& 07 X9z HoF
g wojut, Wwbdow & wokel 4 BE YUS Gt Aow wel
ot ol=et A¥7} 9HA Jarque-Bera Test A¥] IS mlH= o AUt
Autocorrelation®} Partial Autocorrelation 272 AR HH EWE3| &=
o B Aglo] gl AL B 4 9tk FUHOL B RPL W B
FE°| AAE HolEE & AYsta JoH, ArdEgol gl E27t
GAE 3F4L BET go] ket A2 @ 4 9L g,
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2) &x|

A FE2S A5 Ad HA F£E7H(export_p), Y& &
(ex_jpn), F7Hoil_brent), 1919 A4 GDP(rgdp_per), 4 ABARF
(production)& A5}t

4 A¥= auto_arima FFE €83 A mietrlE gAE Bof &
om, SARIMAX(, 0, 1) Z3o] &l Aes & =
HAEA olF BHMA) OM rgboto] 22| &3] A|AQ HolE
of At=glon, AdA gie ZIGHA] Sttt

A 27 (export_p)2 7P =2 29 & I
(p-value 0.000), °l+= #A] 714 Ak5o] %+
Us= AARITE B, A& Sh&(ex_jpn)< &
ofw] 3t 05'3&*— nA|7] = AoR ‘%E}‘;kﬁ}(p-value 0.578). ©
T2 T8 HAo = Lo Ao, FToll= TRt =7
st= ]-n-i woEY §7Hoil brent)= 5-9u|gt o] AT vl3
(p-value 0.095), $AME AAFH production)2 FA| ~&of A4
= 1 7\]}; Ao 2 YERFtHp-value 0.000). BA 82(rgdp_per) &3

oA &2 p-value(0.811)F UEtHo] A &0 thigt 1 FFo] B4
Aoz Fou|stA| k2 ACE UERT

29 A A3t Ljung-Box Test A= 2y A} Alojo] §-9]u]
S Aol e UEiliEd, ol E3o] AAsH A==
ougteHProb(Q)  0.25). X3 A9 SRS FASH
Goldfeld-Quandt Test ZAIo|AE ZFx}o] FTEAMEE 2RRISIITH
(Prob(GQ) 0.99). ¥4, Jarque-Bera Test= p-valueZ} 0.002.2 Y&}
U 227 At E2E 2] 42 7ol AR 1o 5k,
2 232 8 dF Hesd it A2 =2 2AE At it

o
b
38
|o
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SME 29 Y| MY DY 1= U o5 7Y 05
(B 5-7) 38 3|HEM AR +5)
X ==
Dep. variable export_w No. Observations 287
Model SARIMAX(O, 0, 1) Log Likelihood 166.680
Sample 2000. 02 ~2023.12 AIC -319.360
Covariance Type robust BIC ~293.744
HQIC -309.094
2 A
= coef std err P>z
export_p -1.1589 -0.086 0.000
ex_jpn 0.1271 0.228 0.578
oil_brent -0.1416 0.085 0.095
rgdp_per 0.3529 1.479 0.811
production 0.3638 0.096 0.000
ma.L1 -0.8647 0.036 0.000
sigma2 0.0182 0.002 0.000
2y T
Ljung-Box( L1) (Q) 1.34 Jarque—Bera Test 21.26
Prob(Q) 0.25 Prob(JB) 0.00
Goldfeld-Quandt 025
Test
Prob(BP) 0.99

A= MAHEA
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4 39 2g9 2k Ao W=, Time Series Ex0IA AA| Tl
o[ele} K of|So] THSHA LA 2ol AAE Hole ] wEE &
EapelaL 9lk, 23 SRo|A A7} PO Uehta gow, 2 7
F/dolu AEA Hido] Qlo] 2ol A4S &I 4= Ut Residual
Distribution ZFo|AL A2} A2 AF E2E 27 9o} ok7ko]
et S-S HojEt} Autocorrelationd} Partial Autocorrelation
EX2 At Aol A7 A0l fld= HERlol o] HolE <] Azt

A o2 e Hus| BT 9SS etk AvHoR, BRe Es
T A 5 e oSS ATIL e AT Atk

(d8 5-4) X 3|H=A 2t T EXREX| +3)

e Series
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(1) 24 Zut

54 39 HF2 &8oto] pikE Y A oI of A
25 W= FA o|23 WS4 A= (Best Subset Selection) £4 A}
& Tt ke Y7 (import_p), Uls EE(ex_usa), BAAE
(pgdi, scph® ZAAsIATE. &4 ARHEE dHlolE= 2000 295
20239 12971A]9] AzmolH, F& Bg(y)ol tiet BEA|= 28770|th.
2P SARIMAX(, 0, 2)& A=A ol ALY 247 Qe
ARIMA 23o= 7] 3AAR) & 14, A& & IEIAR A= &
& dlolE ] A 7)), ols BHMA) T 271E ARESHATH

>

-

r Mo

1%

ORL LR L

- Log Likelihood: 289 271 9% k2 461.171%2 £°oH, o] #=4
tlolg g E3go] & A9Ystal &2 gt

- AIC, BIC, HQIC: AICE= -906.342, BICE= -877.066, HQICE=
-894.6092 L5 W2 glo|u, o]= 13| glolEo] & A= Q.
oo ESHA| gha= UEHdTh

- $4E Y7 (import_p): p-#t°] 0.0002.2, $4HE =d7H2o] oj
ot S mAth= AL HoEth A= -0.8762%, £Y47148
o] 1% A5 W $ANE £ 9F 0.88% HATHS oJulgict,

- Zh&(ex_usa): p-4k°] 0.0002.&, THgo] Az Q)0 v Fofet



FFE - A Yerdch A -0.58158, 380l 1% A5
] AR YL oF 0.58% @m}u},
- 7}AE 25(pgdi): p-7o] 0.001%, BAH R f2fslch A4 0.8400
oz, JHE £50] 1% 371 0 S48 U2 oF 0.84% ST
- 42 B7Ksepi): p-@tl 0.023%, AR st ASE 05893
o0 B BIPL 1% 45T W SR £ oF 0.59% 7Rl

® wgo] A Ak

|

- Liung-Box Qi p-o] 0,982, %20 ejulst A7lakako] e
Uehic.

- Jarque-Bera Test: p-#t°| 0.53%, A7} AFEEE =2
SHAE 4= o

m

y,
|o
it

(o]

- Goldfeld-Quandt Test: p-gto] 0.78=, o]&4Hdo] gleZ yehdtth

@ ARMA &

~ arl1: 7157 ) p-gto] 0.500%, EAH O oJ5HA) ek, of
A718A ol @A ABS e Wt B GAVIT L vlAx
ok Ag ok
a.12: o1 BF Y| p-ghol 247 0,000 oS- §2Jstck
2 q

m
ol ol B ol 9] ol gro] A A1e) 42 A o

D Fll‘

QOFHAE, B B SIE 50| FFL v

= 2}
. =
Argsia glem, %74124,& ol Aol Azl qu%n}_ Qolulet o=




(H5-8) 3H a#

24 ZilE 2Y)

2412 FH 29

Dep. variable import_w No. Observations 287
Model SARIMAX(1, 0, 2) Log Likelihood 461.171
Sample 2000. 02 ~2023.12 AIC -906.342
. BIC -877.066
Covariance Type robust HOIC ~894.600
2 A
= coef std err P>z
import_p -0.8762 0.030 0.000
ex_usa -0.58156 0.126 0.000
pgdi 0.8400 0.247 0.001
scpi 0.5893 0.290 0.023
ar.L1 -0.0907 0.137 0.509
ma.L1 -0.4234 0.115 0.000
ma.L2 -0.4923 0.101 0.000
sigma2 0.0023 0.000 0.000
2y T
Ljung-Box( L1) (Q) 0.00 Jarque—Bera Test 1.28
Prob(Q) 0.98 Prob(JB) 0.53
Goldfeld-Quandt 078
Test
Prob(BP) 0.93

A= MAHES
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o, o B S48 9 ol Ayse tﬂ AgE BP9 B

A, AT, R AV, D80 3] RES AZsktr,

@ Time Series

39 IR AA Hole S Liehint, 20004 2023971
AZE A3 W2 At %4 21 wefst qols 29
oJs} & AYEL 9o u1
2 5ol vid 44

o] it +UFA R %1—10 HH‘?J% = i-ii%}i A= AIARITEH

@ Residuals

® Autocorrelation Function(ACF)

- A A T A SACRE Bl tRie] AT}
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@ Partial Autocorrelation Function(PACF)

- Y A I8 ns R A 3 (PACHE Yt tiyE A o]
A= 2 el Slof, X3o] glojg el 8 A 2 E E2skal
U YERATH

® Residual Distribution

- ThL WA e o) BEE vkl SAETRE AY-UE
F4 0] HEE THI HTt Yehg HolH, ol WA A S

X5, FdE Wil S e ok &, &
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Q) W=y Ad

SAE Y AY 1y9] dEgS HASH] Yol 20008 2¥€HH
2021 12¥€7HA]9] HlolHZ 23S A1, 2022 195 20234 12
A Y] AGA|}F ASAE vl BA5H). B4 Ay}, ASA]9F AgA]

2] S e SAES Holt A AN

[\)

(2 5-6) % 57 &Yl Wit ABEME $2))

0.4 1
—— Actual

—— Forecast

0.2 4

0.0 1

import_w

—0.2 A

—0.a

2000 2004 2008 2012 2016 2020 2024
Date

NERPSINEPY

e, w2 &S Holdl S IRIg Itt. R-squared #f2
0.7962.% *J‘ﬂ' 5] =2 AYES Ho|i ot

HA

MAE 0.0023
MSE 0.0393
RMSE 0.0479
R-squared 0.7958

N2 A 2M
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2) &2 E54

(1) 20
Aol $9e d=3sl7] 93] Aol $Y7HE(import_p), ©FE TE

(ex_usa), BARA E(pgdi, scpi)s &-&olt. £4 ZI= auto_arima
A5 ARG Abs TheblE S 59l SARIMAX(, 0, Dx(1, 0, [1
2, 3], 12) B2go| Hlxoz MHEQtt 1y Ay 9 AL E Hif
Log Likelihood %to] 283.635% =0 2go] fo|H& & dstal 1o
o AIC+ -545.271, BICE= -505.016, HQICE= -529.137%2 &% W2
#olt}. ol= Hgo] goleo] & AFE UL oA E6HA] P2
LT

A 0] fo42 B, Ao U7 (import_p)<= p-#te] 0.000
o7 ujQ Fo5tH, AlFE -1.46042 $Y7HE0] 1% A5 o Aof 5=
A2 9F 1.46% AT oulsict. $he(ex_usa)> p-#°] 0.002Z -2
o, Ales -1.54192 3H8o] 1% A5 o do] U2 oF 1.54% &
Attt 7R A5(pgdi)2 p-#t°l 0.138=2 FoJstA] oo, 4k &
7Hsepi)E p-#ol 0.657=2 F9JskA] gt

2ol xAp Xt At 1 ung-Box Q HAESQ] p-7to] 0.872 Zx}o]
fou|st A1 #Aol 93-S YERATh Jarque-Bera Test®] p-3fol
0.68% ZA}7} ﬂ?f‘-"‘i— £ 21, Goldfeld-Quandt Teste] p-#tol
0.35% o]Atgo] {32 YEdth

ARMA 9] Fol4d& ™, ar. L1 p-#°] 0.9462 7-2Jok#] gkom,
ma.L1& p-F°] 0.00022 e Lottt AdA 27 I 3
(ar.S.L12)7 AE4 ol FHF FHma.S.L12)S HF p-go] 0.00022

¢ Folsitt.
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[0oFshd, 2 BP2 Ao] }do] FF= vAl= 8 Hass & AT
343 9lom, BAHCR FHQl ANE BojEt foulEt o2 WMsE
¥} oA ZRRe] A7 BA, A, oAt RAIE 53l o] BE3o]
NG 5 U =S AT oulateh

(B 5-10) 35 3|H2M ZuHEH0 =)
Ao =
Dep. variable import_w No. Observations 287
Model 1>SX(A1F?(')'\‘A“A’>§(,;’] ’?'2) Log Likelihood 283.635
Sample 2000. 02 ~2023.12 AIC -545.271
. BIC -505.016
Covariance Type robust
HQIC -529.137
2 A=
= coef std err P) [z
import_p -1.4604 0.072 0.000
ex_usa -1.5419 0.504 0.002
pgdi 2.8789 1.939 0.138
scpi -0.5098 1.147 0.657
ar.L1 0.0074 0.111 0.946
ma.L1 -0.6147 0.092 0.000
ar.S.L12 0.7769 0.146 0.000
ma.S.L12 -0.6369 0.156 0.000
ma.S.L24 0.0162 0.073 0.824
ma.S.L36 0.0447 0.071 0.527
sigma2 0.0080 0.001 0.000
2y T
Ljung-Box( L1) (Q) 0.02 Jarque—Bera Test 0.78
Prob(Q) 0.87 Prob(JB) 0.68
Goldfeﬁst@uandt 035
Prob(BP) 0.99

NP OV
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2) ML

A FAS ASs] s A% $A7H(Gmport_p), "l &
(ex_usa), AR E(pgdi, scpi)E 8ottt £4 ZI= auto_arima
e ARES Aps miEtrE gE B ¥%lem, SARIMAX(, O,
2x(2, 0, 2, 12) BE3go| A o= AQ=I. Y A5Y E AA=E
B Log Likelihood #}°] 425.856% o} Ego] I=H Hlo|gE &
Argsta glon, AICE -825.712, BICE -778.139, HQICE -806.645
& RF 22 gholt} o]z B3o] HojHo| & AYE UL TR oFeE
oA Ya= UERdH

A W] Fo42 B, A% U7 (import_p)<= p-%t°] 0.000

o9 Fofet FaF= vtk Al -0.77502=, U7l 1% 4
58 o A U2 F 0.78% HAATS Quistet, 3hE(ex_usa)S p-#t
°] 0.091% RoJ5tH, Ag== -0.4794% &0l 1% 5T o A% =
2 9F 0.48% AT} 7EAE A5(pgdi) p-#tol 0.053°02 f-ol5hH,
AdE 2.73892 7HHE A50] 1% Z71 g A9 $UL oF 2.74% &
7¥eitt, $ARE E7Hscpi)s p-dfe] 0.4252 F-oJstx] Yt

2yo| 2t} Ak A3, Ljung-Box Q HIAES] p-ho] 0.65% ZAjof
Fougt A7)1ddol 93-S UERAT} Jarque-Bera Test®] p-#tol
0.432 At ZEE2E =29, Goldfeld-Quandt Test®] p-#ko]
0.82% o]#AHgo] {32 YEhdth

ARMA 9] f94& HH, ar.L12 p-gtol 0.0052 TAZHCE {9
Sttt ar.L2+= p-4te] 0.0702% FJ5tA] &t ma.L12 p-gte] 0.785
2 fF95kA] ZoY, ma.L2+ p-gtel 0.000°.2 wi- F-oJsict. A&
271 319 Har.S.L12)2 p-#ol 0.0812 -5k, ar.S.124+= p-Fto]
0.0000.2 uj% fosir}. AEA ols B HHma.S.L12)> p-4to]
0.658% F9J51A] ko, ma.S.L24+= p-gfol 0.0002=Z - -o]5ic},
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M =
Dep. variable import_w No. Observations 287
Model SzA)E(lz,McA;é(%zg)' Log Likelihood 425,856
Sample 2000. 02 ~ 2023. 12 AIC -825.712
, BIC ~778.139
Covariance Type robust
HQIC -806.645
2 Al
T8 coef std err P>z
import_p -0.7750 0.071 0.000
ex_usa -047% 0.283 0.091
podi 2.7389 1.938 0.053
sopi -0.379% 0.476 0.425
ar.L1 -0.5043 0.181 0.005
ar.l2 0.2326 0.128 0.070
ma.L1 0.0437 0.160 0.785
ma..2 -0.7078 0.147 0.000
ar.S.L12 0.3124 0.179 0.081
ar.S.124 0.6124 0.161 0.000
ma.S.L12 0.0761 0.172 0.658
ma.S.1 24 -0.6145 0.098 0.000
sigma2 0.0029 0.000 0.000
2y T
Ljung-Box(L1) (Q 0.21 Jarque—Bera Test 1.70
Prob(Q) 0.65 Prob(JB) 043
Goldfeld-Quandt Test 0.82
Prob(BP) 0.88

A= MAHES
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M3 gad 71 R HY| MY EY A= L oS A

99d R4S BBt AR 22 AP SWSGLh WE ol
235 A 2P0 $YsH BEaEon, Yot werg 21
43 Gt obd A Hlolel rTatstol Agstrt. ol Peld Zgol
Walel B9 §42 Wgsle] Bt AU £5 AYNE AT A
2 BT 3| fRolt. B3, Yeld 2P AAY Hole] F4YS
DBk otz R 15A 2He B Bl BAS 2 5 At

giag A7 32 o 2ok 2ol AA| HolE AEE &9 ahsohe
num_epochs= 1,0008102 AHs}¥0oH, learning ratex= 0.0001,
hidden size= 52 A7AstAt. AA| |8 @)L} ol djo|E(F%
AE A7) S50 wet Yepdn, B HAL sy HlofEet o= b
ole19] FAE ouigttt. 200049 1€FE 20219 1287149 Hlojgl&
ShEoto], 2022 1€95H 20239 12€7kA9] HolHE dl&soitt. o
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100

INE=RPAIN RS

Zo2 9 7] &g A A HE Lol AY 239 & S
=
(O MAE(Mean Absolute Error): o Aol 2= AR} o=k 7t
2tolo] Azt B2 UERH, of7]4 MAEE= 0.0711E dj&o] ¥
#+HoZ AAGT 0.0711%F o7t oL oujgict.

-

@ MSE(Mean Squared Error): Bt AlF A= AAIg &3k 1+
Zol9] AlF B2 vEhdth MSEE 0.00972 W2 ke Helt,

3 RMSE(Root Mean Squared Error): B+t Al 2AH= MSEQ] A
o™, 0.0986= FA| W2 gHZ Helrh
THHoE HY AlgH Hs 54 ARS2 By W2 3E HolF

1 1o} LSTM E3o] o] A|AYE ©

©
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i
i)
1y
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o
filo
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45 2y XE 2y
MAE 0.0711
MSE 0.0097
RMSE 0.0986

Rk2: AR} 24

(2) GRU

GRU 2¥Z AR&sto] A2 sttt 20| A Holg AlEE
59 859= num_epochse 1,000 2.2 3} 0™, learning rate:
0.001, hidden size= 32& AA5IAT. A LSTM 2o} 5YsH
4] dolel(@Rrnst o2 HolHGRNE A7kl 58] wet e
o Aol Zol= YA, AREAR] fHS & Z26lY Q= A F 5

ATt

(13 5-10) =M= & Held Y ZHGRU)

Time-series Prediction

4 |‘
[l | II
o f LJl T ”-“ |
e AUl
40 ! lL l]l'II.' l” '.J-|1 1 | E
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A= KA A
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(O MAE(Mean Absolute Error): MAF= 0.0760%, 9o AA|gka}
FFHO0 R 0.07609HF A7t &2 e

@ MSE(Mean Squared Error): MSEX 0.01072 W2 #H2 Holth

3 RMSE(Root Mean Squared Error): RMSE= MSEQ] Alg<o]H,
0.103302 A B2 ZhZ HQlt}

¥5 58 NE Zzt
MAE 0.0760
MSE 0.0107
RMSE 0.1033

LSTM H3& AMgsto] A2 Sstqint. 23 sha2 917t stolw o}
28]+ num_epochs 1,0009, learning rate 0.0001, hidden size 5
2 AAstoith. AA dolE(uta)et ol & HlolE(F34) ] A7 A=
H|SHA| 2210l glo, 2 HAl A 0|99 al& dlojH = AA H

ojejel Z AAStAL Sltt. ol BFol AAE HoJEe 2 HEe F

134



e
r=
Mo
40
19
r
~
A
oo
H
og
I
,E
=2
It
i}
oy
ox
o
Gl

(2 5-11) 4 +& E2i'd TY ZIHLST™)

Time-Series Pradictian

Y
55 Nlr‘ \j\f\"‘.f‘w'ﬁf \ﬁf\ﬂw \ifﬂk/ﬂrfv "'L\‘ \""\‘lw\ Jw J\J ' ’ J

& 50 104 150

INE=RPAIN RS

4558 NE 2t
MAE 0.0422
MSE 0.0041
RMSE 0.0642

A= MAHES

Lt. GRU

GRU E@= AREsto] AYs sttt B3 ohs< I3k stolwa}
2t 8= num_epochs 1,0008, learning rate 0.001, hidden size 3
o= HAsiqict. AA "ol (weh)e} oS HlolE(F340)] FA17F A

2 vl 220l e, H2 Al Al o1%-9] = dlofE: A
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(28 5-12) 4 +& E2i'd Y Z1IHGRU)

THe-seres Prediction

cad T Actual Data
Predicted Data
35
iE
23
z8
%5
B b 05 38 a0a »a wa
b2 KA EHY

% 7%4~ Efﬂ MAE, MSE, RMSE %kEo] v w A WA Yl 13o]

A dolEE # dzetn 9SS o % ek

(# 5-15) 4 =& H2{E 2% 85 Z8(GRU)
g5 E8 AE 2t
MAE 0.0337
MSE 0.0030
RMSE 0.0551

A= MAHES
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Held X3S &8st HA 2 Ade o Mee old 2

(&4 g 2P LA st

7t. LSTM

LSTM H@S AMGSH Zijoltt. BY Shgs 913t stolwujetn|E«=
num_epochs 1,000%, learning rate 0.0001, hidden size 52 %5}
itk 9] Slolel(sag: o Hlolel(GaA ] 24P A2 vlash
20|71 o8, ol mHo] AAY dojele] 20 meg & TS

(7% 5-13) &% E'E1 o MY ZIH(LSTM)

Time-Series Pradictio

3

¥
—_
-
—
=
=
.f;?-
=
_
-l g
—_—

ol AAgETE oA =A BIHEAS
U, A= 2 Hkdslar 9lom MAE, MSE, RMSE &5 9A] Hlwd WA
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g5 EZ XE R
MAE 0.0499
MSE 0.0063

RMSE 0.0794

Az MAHEA

Lt. GRU

GRU H¥Z AR Zdyfoltt. 2y 52 fIgt stolmuein|E=
num_epochs 1,000¥, learning rate 0.001, hidden size 322 A4
StoATh. AA lolE (whA)et ol & HlolB(F4) Y] FAI7F A= Hlo}
A FAolal glom, o= Bo| AAE HolH9 8 WS & 22
I U etk FH2 A A o]%9] oS HlojE = AA| Hlo]Et
Z Aok Ao= YET

(d3 5-14) &x| +2 Eai'd Y Z1GRU)

THte-38nes Prediction

= Actual Data
Predicted Data
an
R
an
0 4
f
4 4
: 1 T |
% 0 108 I
INESPS VS RSS!

138



Ae AI7F FE5E Y9 d&Zo] Hrhy ¥Wrteh 4= ok s =
A 43S 23 MAE, MSE, RMSE ZF=o°] H|ad @A Ueht 2go] A

Al HolEHE & ASstal e & 4 Sk

(B 5-17) FX +& E2id 2 45 S8(GRU)

Y5 =Y RE Zpy
MAE 0.0357
MSE 0.0031

RMSE 0.0558

(1) LST™

LSTM RS AMSE Z3b= oha3} 2o 29 o5 93t sto|mutet
t]E]+= num_epochs 1,5004, learning rate 0.01, hidden size 102
2 A5t dutdgoz AExet AgR] 7t Zol7)k 44 A F &

ATt
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(O3 5-15) At .°=! E!E1 g MY ZI(LSTM)

Time-Seri redictiol

500 o

|
| e ltlr
I“r- r'u\l ";‘l‘["\‘\ i ‘\ (\M

INEEHPSIN RSS!
e @ A oS 4 ARE BEle] A Zutol T A

243 Agjolry
(D MAE(Mean Absolute Error): MAE+= 0.0788%, dj|&o] HH4& 0
AAZT 0.07889HF Zo)7t Qo= UERdT

il

@ MSE(Mean Squared Error): MSE= 0.01100.2 W2 7+ HQIth

® RMSE(Root Mean Squared Error): MSE= 0.10502 22 gk Helth
&9:]-1-1 oi xﬂ_]_g éo é-zé X]—
o], LSTM Bdo] Q¥ S 2 3

(& 5-18) #it= +¢ Heid

ds 58 NE AL
MAE 0.0788
MSE 0.0110
RMSE 0.1050

A= MAHES
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(2) GRU

GRU By AREoto] 4HE = AHE St 1Y g2 9
3t sto|mutetu]El= num_epochs l,OOOﬂ, learning rate 0.05,
hidden size 5% A5t 445 i}O]E Hol: 17t Qloi} AHutkA
AT

(1% 5-16) =M= ¢ E2i'd T ZIKGRU)

Time-series Prediction
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(O MAE(Mean Absolute Error): MA 1—‘:— 0.0848=, oj&o] AA|Zt=}
B O 0.0848%F Aol7h &2 HEhdT.

@ MSE(Mean Squared Error): MSE+ 0.0119% Y2 ZHS HQlth

® RMSE(Root Mean Squared Error): RMSE= 0.1089% HA] W2
e Helnt,
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7t. LSTM

LSTM 23S AR&sto] 9lo] =4 A4S FHotort. 2y g2 gt
sto|Hu2tu|E+= num_epochs 1,0008, learning rate 0.0005,
hidden size 1022 A5}, AA| Ho]E(actual data)2t |5 Hlo]
H(predicted data)?] A7} A2 H]S5HA] F2lo]aL gloH, o= 1Y
o] AIAE dlolele] 8 HES & ZASHT S-S oulgit} Ho HAl

A7 o159 ol HlolHE A4 Holejet ¥ UNsHe Ao Ueheh

i
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(O3 5-17) 0] £ gaid MY AIKLSTM)

Tim s Predictio:

f\'\jﬂ.,« o J\Uﬁ I V»/}W J /

1[ j\/\/\h\jﬂ‘ﬁ Ty

P A‘Aw.)v v\/ﬁ AW WA ’\I

the-2 4% 27 Zxfolth. MAE, MSE, RMSE ghEo] wlas v 1t
eht 2go] 44 Holgg ¥ dEstn U & & Uk

95 2y NE EE
MAE 0.0348
MSE 0.0056

RMSE 0.0748

L}, GRU

GRU Hg2 AR d¥eltt. B9 skg2 93t stoljwuetn|E=
num_epochs 1,0009, learning rate 0.001, hidden size 5% %5}
Aot AA glolg(actual data)?} = dlo]E(predicted data)e] A7}
A= HISSH FA]0lAL 9loH, o] BEo] AAE TlolE 9 =8 diE
< & Z61 QUSE ulgtth. H2 HA BA o]F9 o HolHk:
AR Hlole et Z YRSk AR YT
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(d2 5-18) A0 2 Hai'd MY ZuHGRU)

Time-series Prediction

— Actual Data !
121 Predicted Data

101

4
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T T T T
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NP SRS

T
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e ARt Fes B9 di5do] woal JUrE 5 3ok 4% S
A 43S B9 MAE, MSE, RMSE gkEo] Hlwa WA veht mgo] 4
Al HolHE & dSshal SleE & 5 9

(E 5-21) 30| +¢ Held 28 g5 EE(GRU)
Y5 ZYNE Zat
MAE 0.0328
MSE 0.0035
RMSE 0.0590
N2 M2
2) M2
Hed LY st A = Age el Mes old 2

YA 99 2P T TRk
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7t. LSTM
LSTM 2&Z AMESto] A2 35t 29 sks2 913t stoluu}
E}U] + num_epochs 1,0009, learning rate 0.001, hidden size 10
o7 A5t AA dlolE(meta)et o2 ol E(FH4) 2] SA471 A
& HSHA 2ol glow, 0111 o] AIAY tlolE 9] =8 wES
2 2251 922 Augtth H2 FA BA o]%9 d|S tlojE = AA|
tlolBel & AX|ot= ALE YERT

(O3 5-19) M2 ‘?:IEIE1'5' MY ZI(LSTM)

Tim

s Predictiol

o2 *é% =74 Zjiﬂoll:}. MAE, MSE, RMSE #r=°] Hwa YA 1

g5 E3 XE Anzt
MAE 0.0923
MSE 0.0145
RMSE 0.1205

A= MAHES
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L. GRU

GRU Bg A18% Afolrt m3 shg 97t slojmmatolels
num_epochs 1,000‘?1_, learning rate 0.001, hidden size 5% 433}
et A7) dolel@RH)e} o HlolElERae] 247 AR ¥
$70]7 glos), of= wgo] AAY dolele] 2 MHg 2 E2ela
U= guigitt. B2 JA A o]F9] o tlolH Lk AA Hojget &
Qe Aoz vehdh

(O3 5-20) M2 2 29 MY ZIGRU)

Time-series Prediction

—— Actual Data
—— Predicted Data
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Ae A7t FE4E Y9 d&o| Hrhal ¥rte 4= ok s
A 232 53 MAE, MSE, RMSE %
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(B 5-23) Mi? +¢ E2id 2 45 SE(GRU)
IN

g5 E3 XE ZY
MAE 0.0985
MSE 0.0164
RMSE 0.1279

INEEPIN S

HaE AZ

2 GolHE S4bg Rolo] 9] At of&d A4 e 24 A
Fatoich. ol2 gl AAS Al B4 s Lyn gy Ao
LSTM % GRU 23 883l0] 5412 A9e S8t 5 4 w5
7 Aae] A We telA] st Lol AAES Bet ohe),

e JEuUQ HolFl AL Y & Ut

ThbE 7S AU st 54 99 BYe By APAHEI Pk,

BAAE, o] 442 5ol Fo3t GRS TN Ao Lrepteh
AAG, 27, A7V 9 BE A7 RS B AT SRS B
9¥o] Holgo] ARHY T2E & EASL S JIPow, A
B3 BEE 2T oEAo] gl AoR BHHYT 34 £5 EX
o A X0 AL L AZAL Hol, 5 A F2S ot
of SastolE go] 5T Ao ot

Held 2PoM= LSTMT GRU + 2@ BF 4be & dlsol &
HHoll o, 53] LSTM EFoJA= A5 dlolget AA| Holg7t A=
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SIE diSota AA|, 34, BF 59 R 990 TPHoE AT ¢
A= Fo] ek AlA, LSTM ¥ GRU 9lY ZFS AFEslo] & 9
49 &S FHsItt Hed 2P glojE 9] HAY JAE 5ot
AAE dlolee] A7) o&dE aH o= Hidste] w2 ASEE AT
gict,

A A IYolAE $E3 o] $83 FFE vX= H5eE &
EH. &9 3% £E7H(export_p), BAAE(rgdp_per, gni),

Ze(ex_usa, ex_jpn), ¥7Hoil brent), 4= AJ4AHproduction)o] F
8 ¥R UL, 49 B9 97 (import_p), A E(rgdp,
pedi, scpi), E&(ex_usa, ex_jpn), 7Hoil brent)7} 583+ H4=2 &+
AEIQILE. o] HpE2 7129 HYoA AR FH9| HEAdE St

P

4 3 P2 4R E € Y HolHE E45k= o o] =2
A gat dgES Bock BP9 21 $%(Log Likelihood) kol &%k
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