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EXECUTIVE SUMMARY

1. Purpose

= This study constructed a quantitative model for forecasting
unit yield reflecting the environment (weather and water
quality) of aquaculture farms by utilizing an artificial neural

network model.

- As an indicator representing the productivity and yield of
aquacultured seafood, unit yield is both directly and indirectly
affected by a change in weather and water quality of fishing

grounds.

- Forecasting a quantitative production volume is necessary when
policy decisions should be made due to changes in the
production of farmed seafood. However, studies for forecasting
the production of farmed seafood utilizing environmental
conditions (weather, water quality) of fishing grounds have been

insufficient.

- Therefore, this study utilized an artificial neural network model

for forecasting the unit yield of farmed seafood in an effort to

ix



apply environmental variables and improve the predictability.

= After comparing the results of the analysis carried out by
an artificial neural network model and a multiple regression
model with a variety of conditions, this study aims to present

a number of policy-wise application measures.

- This study estimated MLP, LSTM, bidirectional LSTM model as
well as a variety of models with different settings of input
variables and detailed parameters, and then compared the result

with that of a multiple regression model.
- Having concluded the result based on the comparison, this study

intends to extract future tasks for policy-wise application

measures as well as its practical utilization.

2. Methodology and Features

1) Methodology

= This study established a forecasting model for the unit yield
of farmed seaweed by region based on an artificial neural

network model, reflecting weather and water quality data.

- A total of 216 models were learned and then compared the result
for forecasting the unit yield of seaweed based on an artificial
neural network model depending on variables such as region,
forecast horizon, classification of dependent variables (weather/
water quality) and type of algorithms (MLP, LSTM and
bidirectional LSTM).
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- For an indicator of assessing the predictability of the model,
MSE, MAPE and Theil's U coefficients were used.

= A multiple regression model was selected as a comparison

model for evaluating the artificial neural network model.

- In addition to indicators for assessing the predictability of the
model, this study selected a multiple regression model as a
means to evaluate the established artificial neural network

model.

- For comparison purposes, this study extracted models
respectively by setting variables with equal conditions as
dependent variables as well as by selecting variables with a high

statistical significance.

{Summary table 1) Analysis Methods

* Weather variables (precipitation, wind speed,

Establishing an analysis amount of sunshine)
DB * Water quality variables (water temperature, DO,
DIN, DIP etc.)
Building an artificial * MLP, LSTM, Bidirectional LSTM
neural network model * Diversifying variables and parameter setting

Constructing a multiple * Analyzing models with equal conditions as well as
regression model models with optimal conditions for assessing the
(comparison model) artificial neural network model

* Comparing the results of forecasts based on an
Comparing and artificial neural network model and a multiple
assessing models regression model
* Comparing indicators for assessing the predictability

Presenting conclusion * Extracting conclusion based on analysis results

xi



2) Features

Xii

= This study differentiates itself from preceding studies for the

two following reasons. First, variables such as weather and
water quality were utilized for forecasting the unit yield of

farmed seafood.

Existing studies for forecasting the production in the fishery
sector have used either artificial input factors such as fishing
effort and the number of facilities or economic factors including

cost and price as variables.

This study, however, concentrates on the unit yield (production
per unit) which represents harvest among the factors that
determine the production volume of fishery products. Following
this, the study utilized dependent variables such as weather and
water quality-related data which pose direct and indirect effects

on unit yield.

The second distinctive feature of this study was to develop
a forecasting model for the unit yield of farmed seafood by
utilizing an artificial neural network model with a variety of

conditions.

Most of the existing studies in the fishery sector have included
a forecasting study based on regression analysis based on an
economic model grounded on econometric theories and a

bio-economic model.

However, this study compared the results of forecasts carried

out with three artificial neural network algorithms (MLP, LSTM,
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bidirectional LSTM) as well as with a variety of conditions,

verifying the effectiveness of the artificial neural network model.

3. Results

1) Summary

= Based on the result of training an artificial neural network
model, this study selected 6 models that exhibit excellent
predictability by region and by forecast horizon. Following
this process, this study compared the 6 selected models with
a multiple regression model, resulting in 3 models presenting
more superb predictability than the multiple regression

models.

- Forecast horizon was established as short-term (1 month) and

long-term (5 months).

- This study conducted training for 108 models with different
settings of variables and parameters. While estimating the unit
yield of seaweed produced in 2021 by region and forecast
horizon, this study selected the model possessing the lowest
MSE.

- This study compared 6 artificial neural network models by
region as well as by forecast horizon with multiple regression
models which use the same variables. The result showed that
half of the 6 models presented superior predictability to that

of multiple regression models.

xiii



{Summary table 2) Comparison of models for estimating the unit yield of

seaweed produced in 2021 by region (1month estimation model)

Region Category Model MSE Theil's U

Short—term Artificigl neural netlwork 11.44 0.09
Jaolla- Multiple regression 14.21 0.10
namdo Long-term Artificial neural network 11.15 0.09
Multiple regression 10.73 0.08
Artificial neural network 33.82 0.10

Short-term ; :
Wando I\I/I.ul.t|ple regression 97.11 0.16
Long-term Artificial neural network 49.82 0.12
Multiple regression 76.24 0.15
Short—term Artificial neural network 37.81 0.09
Goheung Multiple regression 7.57 0.04
Long—term Artificial neural network 16.26 0.06
Multiple regression 8.12 0.04

Footnote: Artificial neural networks colored green present models that showed superior

Xiv

predictability than that of multiple regression models.

This study also includes learning of a fishing season
estimation model which forecasts the production of the
whole fishing season based on a certain period of data. The
result showed that some of the artificial neural network

models showed superb predictability.

In order to forecast the unit yield of the whole fishing season,
this study classifies fishing seasons models into two; Fishing
Season Forecasting Model 1 which utilizes August and
September data and Fishing Season Forecasting Model 2 which

uses the first half of the year data (January ~ June).

The data used in this testing contained more disadvantageous
conditions than those previously used in 1-month forecasts.

However, some models produced rather a better predictability.

The forecasting model that predicted the unit yield of seaweed
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in Jeonnam province with August and September data showed
lower MSE and Theil's U coefficients than a short-term multiple
regression model for Jeonnam province as illustrated in

(Summary table 2).

- Moreover, The forecasting model for Wando showed an
excellent predictability than 1-month predicting multiple

regression models regardless of input data.

{Summary table 3) Comparison of estimation models for the unit yield of
seaweed produced in 2021 by region (Fishing Season Estimation Model)

Category Model MSE Theil's U
Jaolla- Fishing season forecasting model1 13.44 0.09
namdo Fishing season forecasting model2 17.94 0.11

Fishing season forecasting model1 15.95 0.08
Wando o :

Fishing season forecasting model2 41.85 0.1

Fishing season forecasting model1 12.15 0.05
Goheung o i

Fishing season forecasting model2 14.27 0.06

2) Conclusion

= Among 6 artificial neural network models that use the
variables with the same conditions as the multiple regression
models, 3 artificial neural network models showed better
predictability. Even with variables containing more
disadvantageous conditions, some models indicated

excellent predictability.

= Since degrees of freedom in artificial neural network models

are relatively high in terms of using variables as well as the
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models are capable of demonstrating a more complex
correlation than multiple regression models, these results

can be extracted.

Due to these advantages, the applicability of artificial neural
network models is expected to increase in further fisheries-

related studies.

This study, however, possesses limitations as follows;

Weather and water quality data used in this study came from
representative values of a region classified as a unit of broad
local government such as Do/Gun. However, that doesn't mean

that these data can represent individual aquaculture farms.

While concentrating on environmental factors in selecting
variables, this study did not utilize variables that affect the
production of seaweed in reality such as seedling and use of

managerial labor.

Since the statistical significance of individual variables cannot
be identified in an artificial neural network model, it is difficult
to evaluate the suitability of variables or find factors that

deteriorate the predictability.

The fact that mathematical interpretation for parameters and
weighted values is difficult can be another weakness of an

artificial neural network model.

Therefore, a number of in-depth follow-up studies should be
carried out to overcome the shortcomings mentioned earlier,
as well as practically utilize the model for forecasting the yield

of farmed seafood.
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3) Suggestions

= The academic contribution of this study can be found in utilization

of methodologies and data that have not been used so far.

= Follow-up studies should overcome the limitations presented
earlier in the overall stages from the establishment of a

database, model design to assessment.

{Summary table 4) Measures to implement in—depth follow-up studies by sector

DB Establishment
¢ Searching weather and water quality-related data which can represent the
environment of fishing grounds depending on the location of aquaculture farms

* Building a database for artificial input factors that can affect the yield (type of
facilities, density of cultivation and seedling)

* Utilizing non—numeric data such as satellite images etc.

Model design
* Combining a variety of artificial neural network algorithms befitting to data type
(ex: time series data, LSTM, Image data — CNN)

* Searching optimal parameter setting such as hidden layer, perceptron and optimizer
* Design an artificial neural network model befitting to the purpose of the study

> When forecasting a fixed quantity is required — regression models

> When forecasting an increase and(or) decrease is required - classification models

Model evaluation
* Extracting the significance of individual variables by diversifying the combination of
variables

* Estimating the impact of variables through scenario analysis

* Assessing the predictability with testing indicators such as MSE, MAPE, Theil's U
and RMSPE
4

Establishment of practical operation measures
* Building a DB as well as a management system

* Establishing a manual for model management and operation
* Setting up a policy response system
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= If in-depth studies contribute to the establishment of an
artificial neural network model for forecasting the supply
and demand, it can be utilized as an effective tool for the

decision making process of fisheries policies.

- Especially when changes of water quality and weather including
typhoons and high water temperature are expected to damage
the fishery industry, such a system will be able to immediately
calculate the scale of estimated damage utilizing an artificial
neural network model, further contributing to a specific

policy-making process.

{Summary table 1) Measures for policy-wise utilization

Forecasting the
demand and supply ina
short-term and
long—term
(ex: harvest,
production)

Issues occurring
such as abnormal
oceanic conditions

(ex: high water

temperature,
typhoons)

4

Building a system
for production
forecasts by
artificial neural
network by items

= =

Establishing policy

Taking a
preemptive
response

response measures
(Damage recovery,
measures for the
supply and demand
etc.)

Estimating the size
of damage in the
short-term and
long-term
fisheries industry

= In order to establish a more precise forecasting model and
improve the utilization of DB regarding the environment of
fishing grounds, it is necessary to conduct long-term

monitoring in a narrower scope.
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EXECUTIVE SUMMARY

- The data surrounding the environment of fishing grounds
offered by the National Institute of Fisheries Science and others
only provide observatory data after monitoring specific sites,

while falling short of consistency.

- If a more segmented database on the environment of fishing
grounds is established and regularly maintained, a more precise
level of forecasting will be available and enhance the utilization

in relevant studies.
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multiple linear regressions
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and Benzer, 2015)
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odisha using seasonal ARIMA
model(Raman et a/,, 2015)

Crop Yield Forecasting Using
Artificial Neural Networks: A
Comparison between Spatial
and Temporal Models(Guo and
Xue, 2014)

Wheat yield prediction using
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* Weather Based Forecasting
Model for Crops Yield Using
Neural Network Approach.
Statistics and Application

e (Laxmi and Kumear, 2011)

* A Review of Methods for
Prediction of Potential Fish
Production with Application to
the Great Lakes and Lake
Winnipeg(Leach et a/,, 2011)

¢ Statistical modelling of inland
fish production in India(Paul
and Das, 2010)

* Application of Vegetation
Indices for Agricultural Crop
Yield Prediction Using Neural
Network Techniques(Panda et
al., 2010)
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* Neuralnet: Training of Neural | QIZAAULS

Networks(Fritsch, 2010) =

* Integrated dynamic
aquaculture and wastewater | =201} H~X2]
tretment modelling for AAR DEY 3
recirculating aquaculture AlZ2d0M

system(Wik et a/, 2009)

* Bioeconomic modelling and
salmon aquaculture: An
overview of the
literature(Pomeroy et a/., 2008)
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* Short-term forecasting of
halibut CPUE: Linear and
non-linear univariate o
approaches(Czerwinski,

Estrada, and Hernando, 2007)
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* Neural network and its
application in
aquaculture(Balakrishnan et
al., 2007)

* Artificial neural networks for
rice yield prediction in
mountainous regions(Ji et al,
2007)

* Climate variability and its
effects on major fisheries in
Korea(Kim et al., 2007)

* The effects of water
temperature in aquaculture
management(Leon,
Hernandez, and
Leon-Santana, 2006)

¢ Effect of rainfall as a component
of climate change on estuarine
fish production in Queensland,
Australia(Meynecke et al.,
2006)

¢ Fish production and climate:
Sprat in the Baltic
sea(Mackenzie and Koster,
2004)

* Aguaculture Production Trends
Analysis(Tacon, 2003)

* Predicting fish distribution in a
mesotrophic lake by
hydroacoustic survey and
artificial neural
networks(Brosse, Lek, and
Dauba, 1999)
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1) B3 L o7t

A AdASACIAE =l A G4 ] H o7t = B HloH

£ 20199 AE7HA] Z#5H Qo) 20199 71&E A=l 7 A HE 4
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(5) 7IEt
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Rtz =gMast2(2018), p. 67
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20214¥ Aot & $22 HEg A4 & X 9 o .
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H 2-7) Mol 2 YA OfF BE 2202021, 3, 71%)

X9 = =R Ll
QI A 7.10~8.95(8.08+0.75)T 0.46C |
37 7.31~7.72(7.52£0.29)C 0.256TC |
Eff ©F 5.76~8.59(6.84+1.14)C 0.23TC|
22 MH 8.89~9.40(9.21£0.28)C 0.08C t
o A 8.32~11.78(9.50£1.24)C 0.59C |
1393 10.27~11.21(10.59+0.54)C 0.39TC |
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S G AolA QA F3f w7t TS| = sh, o] 2 AF
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88 =, 720 DIP &
oF yERtt

H 2-8) MoliH Z Y4 0jF E227|21(DIP) (2021. 3. 7|&)
X< 2=27|21(DIP) HA CHH|
ol A 0.003~0.012(0.009+0.003)mg/L 0.011mg/L }
77 0.007~0.008(0.007 +0.000)mg/L 0.004mg/L }
Ef Of 0.007~0.023(0.016+0.006)mg/L 0.002mg/L }

B2 H 0.003~0.010(0.005+0.004)mg/L, 0.001mg/L t
A 0.001~0.015(0.005+0.005)mg/L, 0.000mg/L-
b 0.008~0.014(0.011+0.003)mg/L, 0.003mg/L t
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Ct. 82F7|Z2(DIN)

&EF7144(DIN)E 94 DIPF vRZIAE 4 o] a3t JF
ol A FAlo AHEYEY t 84 5 sthtelth. B2
DIN sk W& f9o] @2 7 skt 77k oA =4 vehd
t}. DIN &% %2 0.07mg/L olifold g5t Aoz & & gt

202149 3¥ 7I= M3fiE A <S489 DIN 218 AwE 23, 5%
AURA A, 7] & it s FaHET B2 5= EAoH, A
Aoz g&Eof AXRE B -AH, A, I G AN s HUE
O 52 58 23

259 39 £ DIN 5% 32 671 AR a5 Axo
Tha gopglovt A A= 7P w2 ZoR ey, B -Ad A
Qo] 7P BA yehyltt. ey Metd o g ot =191
SE7F WolRA Fof thafzt Aol WAsHA Hr

ol
'
=
)

_Q
of
o
of
1o

(H 2-9) Mol 2 4 0jE 8ZF7IZA(DIN) (2021. 3. 71F)
N 8Z27|1HADIN) T iy
QI 0.132~0.378(0.221+0.082)mg/L 0.030mg/L |
a7 0.109~0.157(0.133+0.034)mg/L 0.003mg/L |
Eff Of 0.036~0.189(0.121+0.059)mg/L, 0.023mg/L |
HH M 0.008~0.058(0.025+0.029)mg/L, 0.001mg/Lt
o 0.007~0.981(0.175+0.395)mg/L, 0.148mg/L
oE-gE 0.046~O.104(0.075i0.029)mg/L 0.035mg/L t

NaE: AEaMst, OEEER LB SAZM(ZAY: 2021. 9. 23)
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{1.205) -
1.200
(mg/L)

1,000

0800

0.200 -
aas i.i ﬂ H_ﬁ_j L_m ﬂ

Az SELEMEERI2021¢), p. 13
(2) EMeiEEE)

HAsHd 011 <> A FAA Aol sfigetet. =gttt |

Apeash Sl25 F4) ol 24 AW F 4 FAFo] Uk Age Ba,
A, e, TN, S 1F Adtelt
7t 42

U—A{z‘sﬁ-‘r&] 7] OFA] ojRRS. Ffof|A] 7 AYAH o] 714 wo] o
o tFet B9 2ol A=, Tt 4
A=A 78 WA EXo] AL 7MY % 1 R = A Ho]
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o
21‘
Kl

(F 2-10)2 20214 2€ 7|&, 7} gj9lo] 4L B2 eld
20219 Azole AdET AV WAL, 2 A BE
A o] =4 AU 20] 7P WA 4= 2900

A7 B4 AW A A A Y 529 5~150F 44
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(B 2-10) Mo Z YA 0% BE $2(2021. 2. 71F)

e s eI
2z 5.7~7.2(6.3+0.8)C 0.2TCt
ME 6.5~9.4(8.0+1.2)C 1.6Ct
ete 7.9~10.1(9.2+0.7)C 0.7Ct

Lot 5.4~7.0(6.0+0.9)C 0.4tct

S0t 5.0~9.4(6.2+1.7)C 1.0Ct
s 6.3~7.8(7.2+0.6)C 11Tt

Na: =gedaety, OEedR L SAZM(ZEAMY: 2021. 9. 23)

(38 2-15) Mol 2 22

]

BES WIS
1]
5
o
2 o & ¥ & £ & 3 9 A A
¥ 4 T E £ o9 ¥ ¥ K =
@ oz o o @ @ P W e g F
o 8% o g ¢ o i
- =
A=: FEAnetl(2021a), p. 3
GE o2 BEE ATEE FAS HA 28 20 TP w2 X
2 ¢ AQto® Wt 7.9~10.1CHTE 1L thalo® 20 £ X2
T sigoldL, Hol FAEE Y Sole FE Ate] M w2 =+
iﬂie HAot. —.~9°1 7P 92 9 ALE 5T oldle®, JAsd
AMe 3 =7t A glof HHskd A FAA=AL & 5 U
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= YAsld 7 kARl DIP _/;;2]‘3— AR

éﬂ”

L %— el ﬁE"

59 LJOM% ji%—4 DIP %F-_ %IO] =AUt

E 2-11) gMold 4 P4 01Z 8Z=7(2U(DIP) (2021. 2. 71F)
X o 8Z2712(DIP) B ohH|
X 0.018~0.027(0.018~0.027)mg/L 0.004mg/L t
FE 0.015~0.040(0.025+0.011)mg/L 0.009mg/L t
g 0.014~0.034(0.022+0.005)mg/L 0.007mg/L t
Cot 0.006~0.019(0.012+0.007)mg/L 0.005mg/L t
st 0.004~0.022(0.012+0.006)mg/L 0.008mg/L t
s 0.010~0.017(0.014+0.003)mg/L 0.008mg/L t

(K]
= & ®™ g &£ & [
"" = E E o ¥ ¥
= U o o] ] ol ot o
TR S TR =
=
A=: 2ESAEH(2021a), p. 7
671 714 ool % A 2igto] 71 T, L
. YFgol 7 FHE AL qtofAE of7] 2
HAIE U 73 REUES] = tlokst X0] 7]o]
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L. 8ZF7I1Z22(DIN)
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02
1=
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o

20214 29 71& AEE A A9 DIN A& AR 23 15
DIN 5% &2 67] AR a9 & ZE AUollA B4 div] =2 Ao=2
UERSIT

(B 2-12) SASHE 2! Al OJ& Z37|RIA(DIN) (2021, 2. 7|)
X < e SEN(D]|\)) HA ChH|
2n 0.063~0.132(0.100%0.035)mg/L 0.063mg/L t
= 0.115~0.157(0.135%0.020)mg/L 0.017mg/L t
o 0.099~0.148(0.127%0.018)mg/L 0.009mg/L 1

corot 0.026~0.096(0.053+0.038)mg/L 0.008mg/L t

Sayot 0.007~0.137(0.0420.050)mg/L 0.011mg/L t
s 0.046~0.101(0.079+0.026)mg/L 0.029mg/L 1

Rtz 2RaADEY, OREAD LER SAZA

(23 2-17) MaiH 8EF7IZADIN) 22

nES BAE
200
1.50
1.040
=0
I ﬁ._
s | FUTON T A ﬁ...;..h-_
E = L= e | = = = o |
2 4 = £ £ = = B m o
o =t = = = L %5 s o [ -"_5]‘
e 5 g& @ g g3 =
E. =

X2 BYSATISLR(20218), p. 13

A Fadol gol B2 e 72, Ak, g 59 ddoMe 25

DIP B%9F 72 DIN 2% =4 vehgtt
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(3) SoHA(FL

=

oA A FA oF B¢ AT Aol Al ot B3 o
S 4ol A=l X2 FACR, 7|2 FPFA 2= FAFe} AL
s Seld FAold FHRYET AH & A FAol olFoA=
2 AL 9Ed s F el
7t a2

otfio] #= 20214 24 71, S 3G =2 —3%“% Lerd Aol
o} At HF 422 FAMO] H9 12.23~12.96C 01T Bt 12.51T ALk

(B 2-13) S 2 YN oY BS $2(2021. 2. 7|1F)
Xl o 2 Lz +2
4 12.23~12.96 12.51C
L2 5l 10.88~12.36C 11.68°C

A2 ZYSAEH, (AEEELEE SAZAM@EMY: 2021. 9. 23)
(O 2-18) SallHl 2 B2
16 _*I*-_ E (ﬂc ) -z 2

12 -

2 4 e LR 483 nhaE @M AHE
3% 3 0

A= IEeMAeE2021b), p. 3
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A M, BASA et vEHe ) ALY
2 A2 BT 5 Ytk U5 5H79 29 SO HAt Agturke o

]
o
0ok

2o -2 w9

A %2 10.88~12.36C0I, B+ 11.68CE FHF

20219 2¢ 7|+

FolA|t R4t

5514 9 FAF DIP 51 Aviz
R BT 3 F4 A2
A2 BSANA 7 FAo] of

A<t

23, A=

JASEY DIP HE7t =2 A} upzt
€57 sk DIP

&t B3t 0.013, 0.015mg/LE H|WA &3th
(E 2-14) S 2 LA o™ 8Z27121(DIP) (2021. 2. 7|1F)
x| o 8Z2712IP) Yot 5=
5 A 0.012~0.01mg/L 0.015mg/L 1
H5Y ot 0.010~0.01mg/L 0.013mg/L t
Ri: eI, OEEER R SAM@MY: 2021.9. 23)
(I3 2-19) S3iE SZF712(DIP) 22
=0 === ¥
0.020 & £ F 71 o (mgn) =1
0.015 I
0.010
0.005
0.000
g A1 fi 4§ o & o gag AAE
3 £
R FESLSIR(2021b), p
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Ct. 8=27|1Z2ADIN)

S3d 4 PR 277 AADIN)E A DIPY tR7 IR 2 HhA]
ST A UEhgt 20219 2€ 71E SOl 4 Agke] DIN 5k
= 0.074~0.15mg/LE B+ 0.114mg/LY9, $54 39 Hx:=
0.078~0.16mg/Lel™ Ha 0.107mg/LE A= ALY

(H2-15) SoiH 4 $A oY 8EF7I2A(DIN) (2021. 2. 71F)

x| < SZ2IILADIN) B s
2 A 0.074~0.15mg/L 0.114mg/L t
=2t 5t 0.078~0.16mg/L 0.107mg/L {

oo
A FEeMuse, OYSER LB SHZA-MY: 2021. 9. 23)

(d3 2-20) 3aiH 8EF7I24DIN) 22

= o El A g 8
0.2 B8 EF 7 E A (mgl) el
0.15
0.10 T
0.05
0.00
2 4 2% B4 4E 2 of & g oMo HAE
&% 3 3 o

RiE: 2E4ASH(2021b), p. 13
A2 Ut A, g8, SsholA EF AR AR, HiFE
o] 7 okl Ax|Ql AL A QstuE 4220] 7] Ao Hslely o
o

o] R TolA F2 7 AAto] oloiA\T ek

oS rf
o2 o
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71% A utEg o 4 FZo] WupRA sk siEdE

doz AZAZS W 7
% Shjoltt. 25 WA B3 X7 AFo] LT 4 ulzo] ke a0
Bo] WAISHE S4o] itk oo} 2 HHAE B osly] AsHA
£ AT A7)0 ARE 53, WAS Aoksto] % ool et 7ol
87 2918 th2d] S 5 A4Hel FAg Pelrt "asit

T3 A7 2 | Aolofs 7 FAo] o] Fojx Ag~EHo] Fo]

A WAool SRS g elutet dAshE, 2 YA P
2 jElet 4] 55 TN BAo|RAE Yo seie] 2
2 0l2l2 GeAstud 89 ol 3 YTe AU, T8 ok

7 A A A1) st aRESol 71 A Al BaolwA A
7 AP ok Sz 7 A T il Seie JeES wAA He.

Ao AEES. T Fo] 28 Tk Sof whal vy 9 Wa) FE7F 2R
o, 7] oFa)A}o] W3t s oz 9-9E]7] Ao At Ad 52 o)L
3 AASH= Aol Fast
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A3 & AFolA AEist
oish l’%}o}%‘:‘r 117‘4011*1}— %’*‘%“%—‘i’%o ME)- R

%%ﬂ%“%(amﬁaal neural network}2 AZA52 1FS ) QI
o] HollA doju= ABHE(FR) HEHTANM Hetute 282 &
H 2ol #‘r?ﬂ% Alzdlo] e AFHZEA, HE NE=FH Aos
Holsol= £AE7], vE Al A28 dgshke 472 FAE

g

=
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SAEAEYO) QX FASA Bakbias, 44T 7 W] Hojgl 7
SR 0|83 2GS AN, ol FELL BTl et o]
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Qto] TP Zeghe 11 The 2430 ol MAEE] AgE, of
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11) 20| 2AR7|[-AF0] AILO| g, 2= £4(2019), p .24,
12) 0]¢F THZ-2401 HIX|Q-02 R X|Z, F& §2(2020), p. 3.
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HMEZ(Multi-layer Perceptron, MLP)
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f@)=0clw z+0b) [4] 3-1]

o714 weRY, b 22 HMEZ] 715|e BFOR o]Fojal Tt
HEE HPF4E FAG, ol WY BT ool Jo) HAERS)

2 7j9 edzoz FHEL wer A WA dBolA Yz x2 W

hy = o(w z+b), [4] 3-2]
hy = o(w;x+b2),

hk‘, - U(w;x‘l’bk),

oA7VA Wi, wis ZF et xo Sk WER, by bz 2 HA
E20) 49 Ao fjgalt HEZ 2 & gong ofel o] HY W
o} g B 7reks ek 4 9l

H=o(WX+B) [4] 3-3]

oje} &2 HHEE O R o]Foll 2HSFE o M2 AT Aol tF
HYERolth A ¥ 24939 Yol XY uj Augke HVolzky 5
o]AL2 F ¥ AZAE A WA X thil HVo] HYEZ9] Jglo
g9, ki & 7H] Rl o= ofet o] yehd - ot

—_
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(W' x+B"Y), [4] 3-4]

H(k> — O'(W(k>H(k71>+ B(k>)

o}714 ST EAE AFIR G HAFAS Folsh= 7MY F8.
St g.4o|c} HieF 3459 o WEE [4] 3-519} Zo] Aojetar 7+
AS A R9 $E Ky, Ko, Ks ol o1 2 ¥ 4 wol 34
2 WheRK N WReRk K WOeRK K2 o]t}

Y = whx [4} 3-0]
H(Q) — W(Q) W(I)X

Z HY = WX, W = WOxWOxWO o|m& o]8 &g QAZAAYL
oA 2YZ e ofte) ol dYteehe TRt ok 413
B4 yehd Su] Qe 2 & 4 o

webd] SR olE Fejelstel et Symset SEms 7k A

47414 et AREEE ol FHTSE Aesherrt ABAEYRY
o] o] WS- Fa3t giau o % 9tk (2¥ 32k oA 7Y
EAQ] Bgekeel, I TR Yehd mopolct.
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Sigmoid ‘ Leaky RelLU

o(z) = 1+£“-"~‘ max(0.1z, x)

tanh Maxout

tanh(z) i max(wlz + by, wiz + by)
ReLU | ELU |
max(0, z) {Lﬁw —1) , i g S

-10 10

XtZ: CS231n: Convolutional Neural Networks for Visual Recognition(ZAY: 2021, 9. 24)

Sigmoid = of9] [4] 3-7]3 Zo] Akt=E 1 Axglo] 03 1
At 2 MY EL), webs FEZ O R §j4o] Thssiths ARl ZHAAINE
059 AR shgol= B8 £ 7T

|

o) = — L+ [4] 3-7]

0202 tanh $e eI E(hyperbolic tangent, tanh)2tl &
g, 2 xg Yell 24 Sigmoid et SALS) HHgtE = &3k
-1914 1Atolofl A A E . [4] 3-8 Zo] ekl & 9lo™ sigmoid
ot TRRIVIAE OAS A% shgolle ERsitt

o]
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o) = ST e 4 58

¥ F e G 7 HEEHUAT ReLU(Rectified
Linear Unit) 39 3% [’—q 3-9]12F Zo] 0o A2 PHF2 HF 02
2 Agtsky, 0E & AL W3} glo] a2 &8sk JH Q] ot}
o= 1960dHol A= Zﬂ?lb ol A E8&EZA Yskoy 20114
Glorot, Bordes, and Bengio(2011)190]|4] o]zlo] t}& Al Sk
Frelotths ARAo] HHE AL ' & iRt A5 A8 B4 ARGE L
Act.

oll

o(z) = max (0, z) [4] 3-9]

RelU @4:2] mjEA%E eigte] Mslo] uet 0 Ei 12 98t
E4o] glow A|4347t Hitwlol % A) ghot A4 2 HH B

Haf 69wl sgo] Jhsstche gEe

Leaky ReLU &= < g 3-2)00|42} Zo] ReLU &-2F AR Tk
< HolA|9t dFgto] &= 78‘ = 00] obd ex= WA FHolth «
o= Autzoz 1HTE FL AFRS AR Hid), o]z Q) 29
Qe g BIEARE R ow} =2 00] ot

o(z) = max(az, z) [4] 3-10]

ELU(Exponential Linear Unit) < FA] ReLU, Leaky ReLU &<
o FARE FElE YEhA]et 229 J=gkel tigk £8lo] X4 FEH= [4]

14) Glorot, Bordes, and Bengio(2011), pp. 315-323.
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1o 5} 25 "ot
T z =0
7@ = expo-1) &30 4 3-11]

UAERo 2 Maxout BE 99 4RSI A T A9 frdl
= golt). o 49 e
Fohs Zlo] ZRsHAT ThE

o(z) =max(w, z,w, ) (4] 3-12]

StH B ZAF A2](Universal Approximation Theorem)!59] w=

1 274159 sigmoid BATTE ARSR HMEBLEYOIA 2t o &
A ARSI ojHelt A&etaro] disiM e o4 ojlj: FARD 4

Ot} THA Bl ol A4 mRL ojmst WASA W HEY 5
QUTHE 275 AZSA, ol ol mge] B0 te Aow
A B B9 US TS Poit 2o 4 92l geE 2
74491 Z9o] Wasitt

2) #8MMZA9HRNN: Recurrent neural network)

TEAFYEG S £2F &2 AAE HlolHE Aok o 3o HolE

15) Hornik, Stinchcombe, and White(1989), pp. 359-366.
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IBLFYDEH| 0|28 uE 03
o] A e AR sigtle JEE MY o =S A" AFER
Folot. A A3 o5 HHEERFIMA= th2A Aol He H

olHE WE7l ofd ¥E FHIE At &M% AREE Aot Ak
&

% HAEERYC] £Xjold sHE YIEAE ool (1 3-3)3
o] AL vlolel2 H Fefm MAIA0 . o] A NAL Hlo]
T Nx TR wsheA] 7129 9 Feold /A g Hlo]
B9 A, T AZlo] gt sl AAE Eat e HskE] Sol
o Holelo] dojekE A WA LuBolA Faok & wenlE o] MU
2ol Zojxitt. o Sof ofele] 1T o] 4x4 BA Yeigro] ol
A A9 3 WA ABC) 7 WAERS] Bhshe 15H wo 4k 477t
ohd 1677 Hm, 3 WA 5 ARl) HAEEo] ke o A4S shet
ue] ge] AR N-Txkot Het.

(2% 3-3) [+5 HUERRY stgs 2ot YZO|0[H Hat

At Bt Ct Dt

At-1 Bt-1 Ct-1 Dt-1

At-2 | Bt-2 | Ct-2 | Dt-2

Dt-z _

Bt Ct Dt t-1 { Bt-1 \ Ct-1 \ Dt-1 | At-2 | Bt-2 [ Ct-2

E

X 2 B9 M2 UMASR, 2021)5 IR 5t0] MX} 2

ol 49] F27} /AL BRI F St 9 Hlolel] ol upH
¥ ol Ashe ¥ BAZH AITh: Holth. Wik BlAE HlolHE
UZLoR W A9, 29 TA] ueh Bge T dole] 41 2
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g A Jot. J2dY o HAEERG A= 239 dol7t Wd A%
JEZe] A E Qo e IV 2 FFE A Audsts 52 HA
27} "ash, o2 Qlsf FH &4lo] dojubA Hrt. 919} Zo| bF
HMEETPoA &2 B AAE HolHE 5T o :

Zs7] 9o e o] &84T mgo|tt.

(O3 3-4) =gy 1=

Unfold e

K= 917 |HaH(AMY: 2021. 9. 24)

SAAYLS 5 T3Hparameter sharing) 7|H< ARl ohfst 4
HE AZslo] d& EAE sdsk= Zyolct. ¢AHolH
x7F FolFE W &SHAIATL (4] 3-13]7} Zo] Aot

h, = o, (Uz,+ Vh,_,+b,), [4] 3-13]
0, = ay(VVht—Fb )

[

of7]A] hti= YHAITHEAD) oAl @A) ol deiE Vrehi= AH
HE ol o= XF ZEgolth A WE htg 67| A= old Al
7k dloleE Jutol At ht-13 A9 Yt xt& ABJU, V) E
v A3 (o) HFol= S AKX of7]A ¥4 FEQA U, V, W= YA
tof]

2 o] BAgO] AT ol AFETE S4o] A, olg ¥ Fha
ek, Wik ¢ A9 lEEEE EESA ke A9 A WE hie] 4



F-HAE HEE B3 dS5HRl otE Y5k ©l ARSEH

A wlE) Ajelo] 271 W 9 U, v, Wol 19 3715 2A5H
s, AR e hot KA, £33k o7t OXFglolea 7hgstel 7t

4= PO JdL UeRM*P, verRM*K weRK*© b,eRX, b,eR° & F

one to one one to many many to one many to many many to many

IO i JOd dol

] 000 000 DODOO (R
] 0 OO0 OO0 oo

At=: Andrej Kapathy blog(2015. 5. 20)

|
L
L

3) HLCt7| 7|HMAY(LSTM: Long short-term memory)

A7) 71AAFFLSTM)Z 841380l 7= A siEdshl
el e Hgolot. LIAFYEFY BAFCRE AHE= A F o

o
= $AHEolE Y Lol Zold A4S WA 54 AW Hust e
Aol Hjs) BT TS AL, 1 ude] A9 9 4
BA9] $AAY FRAAME Azho] Aol ue} e o] ARo] W5
£2 gAslojgle] ARt 288 7F5Ao] Arks Aot

63



AE =01 ARt 19 &2 {8 h19] A&7} =
o] AL HHol1l A A|A L] o7} Hi&-
At 4 oA h19] FE7F Hast v HEE :
LSTMZ ol2|et ZAIE siast7] fsl 71241 <SS F20 A
(input), =% (output) ¥ AA(forget) L5 F7I3F 25 7IAH, 0]
Al 7] i 84 Fof 7 7HA 7Y A HE ¢, h(371/27] 719)
£ 7HIth

(3% 3-6) E| 7Io01ZYY| PX

) ® @

LSTM unit t Th,

tanh ’

‘ Fy le
0 % ;
~El-N e -
: ‘ (o] ag tanh g ’

© ® =

X2 Medium(2019. 7. 23)

LSTMEROIA A9 A71/e7] 7ot 2Hshe a% his [
3-141% o] veRd & gl

= fre gt o, (4] 3‘14]

hy = o0, ° oy (Ct)

4714 ohis tanh B FEAFE A3, 1, o, f £ 47 9, &

A =
@, A AclER oldel 2L AN S Ak U Aot [4]
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O|ZA|A
o

Y2EHo| 0|28 uH 03

31519 20w w17]e] Wmeleh et ol 71719 el of
§ Ree SHTA AU

Oy = Jg(W)xt + Uv{)htfl + bo) [/'gl 3_16]

AAACIEE [4] 3-1713 2ol YErd 4= loH @77 eje}
Hyos A7V WxQ ofd FE& AALA 2

fi=o0,(Wa,+ Uh, , +b) [4} 3-17]

] & d

. ojff &= tanh 7 AREET ol sigmoid o] A

kol 07 1Abo] & gy o] &717] e

QAT tanh B -1914 141019 2 HIsiE R hao] gt #
I

o] 7Ks7] uholtt,

B VA
19
A,
5!
=
.
B
n\l
B
i

|
gl

65



[4] 3-18]
Sl ahet
ofefo] it ol

ol A1

]_

AAIE HlolE]

7
Joz FolA7E

Al
r

)

[e]

=

=

o
=]

T

ks
17478

LN

|

5

A
A

<

A
s

sholAE o

5

¥

(sl

..........

_@.@@@.... o

Iz
o

o

sl <

o)

5o
3L, o

5

s
A

1o}, T2 g

og I
e},

5

A
Qi

=

sHA

728 7}
°l
A5

A

O
=

k|

1

R
-O_

EEdS

=2

’I_

|

A A E RNN 2 LSTM 232 A|A Y dlolg

[

S O'C(Vcht + Uh,_,+ bc)
oF
I
El
s

=

A

@@@@...tTll_

eoee.o..x ﬁHW

_@@@@....T

exciting

movie was terribly

the
At Abigail(2019), p.37
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ASAAGL AFA] EZof gt= ofF Fo| AFTES shte] &A%
oA A5t 2ol thE HAEE7} Zo] RNN, LSTM g% o
a

Fa

o 7S] 58 AT 7 38 WAL S8 BYTFOH 4S54
o

=

o

(4] o —p >
=
0 LSTM Cell LSTM Cell
>
L1 I [ K
o — — "
U E hil
_ Ciet Ll | Lis
o LSTM Cell LSTM Cell
% i ! 3
=] Ll
= B > g >

Xt&E: towards data science(2020. 7. 27)
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H2H ABNZHDHO| St
1. &y

ATEONA AL E AFAAFERE ol Yeizlol] Tt AERS &
g3l PR ol20lH Itk AFAATET o) Hele A5 59
sjetuleg H4o) oz Ao RN BYS B 2 JSX|9t A

A 22 Aolo] Q315 A4 % o, ofu) Shs(EAlEd)S B
wsdon sellEChEn, B HE ek 30l dasi s
Aol LYo ofSo] Unh} HHIAE Ao U AES

EAdeEtal o, HaAd —é@l@#ﬁ% YA F2AHMSE: Mean
Squared Error)@t WA} AEZH(Cross Entropy) 5°] ULt

o) a5 offe] 213h go) A SAUE AT W WE 3
}10]1:]— ﬁx-]g] AVia=S il—7]
back-propagation) 7|¥o]t}.

N
arg m”m 3y, — fwlz;))? [4] 3-20]
=1
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OIBMZYDHO| 0|2% 1E 03

2. @XIGTmMe ZAAL o2
1) ZA} 5fz

1] (4] 3-200° vehd =3}t 2AE %71 A wHFet ol
AT AFTHGNA 71 Bgdor d3il AL A9 daels

oltt. 23 JAu} YWE]EL A7k o] A9 W Wp; Jzo® s B
A3p] n|BASES L1, vlBAIG0) v Wgko g W4 wishAlA
22| gre Fohe A s H(gradient decent)& ©-§7tH.

Wiir= W= A3 (4] 3-21]

8;(92 — fw (xz‘))z

ow

o]7]A A& sk5E(learning rate)o]2kal HH, 7]7; 2= 3+ 9 A
wuich duiyg 2A] HAAEAE 2R A& o]

HAEE Sh5of A-8str] siAe [4] 3-22]9F 7}01 Al B4 PEo] of
gt | EAGE AAtefor gt
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oL oL oh® an'® oM

_ 4 3-23]
oAt an®) an2 ap) 5 At 5723

oJ7]A HuEA S %91 A 9a) ThA] A" 4 Qlch

oL oL oh®

= ] 2-
8h(2) 8h(3) ah(Z) [/}'l 3 24]

mebd WO, W, WS Ak gl e e
Sfof 5tm, Z47te] Adb= th AARE s AAEE & U= € S A
ot AR xol diRE &4E ok HES &XAuKforward
propagation), &A1 7]E02 quigro 2 Allsl 7152 & 7Y4lst
+ L 9H3Kbackward propagation)2tal Sttt

£ At

2) &5X FA 51ZH

gt nlEASE Ao stEE ALk
A, 354 AL 3 (Stochastic
gradient descent)< H=2] 7§41 IAof|A] A do]g7} opd AH o
o[E|qt A AMESH= H}‘%q—cli gt SEAS7Y ofd EEATY 7
LS ok Walolth o [4] 3-25]9F Zo] EFEY = ST, o714
Se FA9 = AgE glole 2] Z7](batch size)olH, (x;, y)= A 74
= A== dolgolt.

1
\l
1;
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Wiy = w—ave| 2L | [4] 3-25]
S
03~ fule)
WA oW
S
o>, (y; — fuw(z,))?
_ oy i=1
= W= oW

4 A oS AR ol Sl P8 (saddle point)

o
79 A9 T 724 A HoluA sk BAEe] 9tk oleid £A)
A o) Ik WpHOR JMEEE TG BEF AN
o

vy = Y mVwl [é} 3-20]
W,= W, — v,

vo] AL 7129 A Bgo] A vzt @A) s Tl oA
o zgroz ojojAs], ol o] A4} SUS o WA W sl
L o] AR 1% Fue) A SRS 5, 97t A RekA AgEIR

16) Kingma and Ba(2014), arXiv preprint arXiv:1412.6980.
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2 Wl 4% B4 A5 HoIRAW 14 e A9 2RE W
o= 8hgo] ol20]a 7hsAo] et}

oot & wae FE] 98] AE SEAR o] ADAMOIT.

FEIUAL 7Mze] F7t 2 A9 g Wt 5

5] go ATk AAE o] Hleste] A S Zolk ol
o} olg s4low mashd [4] 3-27)% 2ut

v, = B, — (1= 6,)VwL (4] 3-27]

A4 oA s WBASY ABo] WS 3k FAAA S W
0] ANFS Fol YL sy, EES Boste] B4 WS A
g0l B4

S A4 A9 FAE sgko] 9 AXA Hnz 8
%o] Zolt Hupr} 9o} Re} ARl A4lo] ZRsdtet.
& TMEE T8 AN SOl TS wigEe s, gio]
16] 7Phe4E oldo] wEAS: AMg HlFo
AEA AR HEAS o 2 HENE Eoh g
A3k MR gho] 19] 7PheSE ojdo)
G, 00 7RSS o] He] A mEAL U
o nlEASE o wol BTt one S

i
(o]
)
A,
4 K
(@]
2
N
N
(0]
>4

|
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IBLFYDEH| 0|28 uE 03

w
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14
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=

1)

I-I'I

=

o

O ATNFIRE AW el A doletS z%cﬂola
ke

ik
>
o
i)
_\;
O
_>1:
_E
rz
ox, 9

£ ou]s}H, Za‘%—tﬂﬂ e
o] %H}Eﬂl Y= &’1%11 TUEE s
AlddolE = 43— ShEH 2y FeZ HUFE Ao AHEE

(23 3-9) X

The Learning Curves

JH

Loss

training

Epochs
Xt Kaggle(Z@Ae: 2021. 9. 24)

wAleld QuelEe saoled] tet &%) Hasls 2xw
sj¢o] AR sho] Ayl wet saElolEE ol JEH
QAH= ZoJSAE, % 5 o4 Shol AR AZYolE ] £t

AgS Holth o]fgt AL B-3H overfitting)o]2Hal =
+ AgH 43 feHS HojErt dRtzoa wAgke
7t B2 A AR 7
H<20] 7#3}, Dropout, £7|15=

@ o & fo
d
0;?4 OlNl G —;%
w2 B
4o = P
ol ‘f‘ﬁ N
S
]:1;1 0,
2 fal
o @E
z
o
o~
f
£ 3
>"
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Sl AubHo R Bgo] Aol WYRS A9 1
Bis5o] Arjgo] Acks ©) 7] J
52 oA AR P Sl [4] 32813 2

=

L= Zl(yl,yJHR( W) [4] 3-28]

1=

X*Fffﬂr%}h HFoll= 37 [-1, -2 A3t Walo] Qid], -1 A3
A9 R(W) = 2| W] 9 Zo] RE W5o] Aol ge B
Zhshe Wolul, 1-2% R(W) = S(W,) T Zo] BE Whe] g3t
Ao F7kske Yot £ /M WAl F shtet A8sAY & o
@ ol Ag3to] Shyste AT 7HsIi

i

O

(2) Dropout

Dropout =45kt QAT dpof|A e A AR

Fu A0l HAERS AAT < HAEETRS o8 o5Z

%y %01 AP=]7] A AAGEE=

Qtﬂ/ﬂ p9 =2 FAHSTL
o] Yepd 4= 91091, Dropout

o] AgH K2 UF HYEEO] 11]7451 BHolA 2F S S5

™
(©]
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(O% 3-10) Dropout M& & MZY FAX0| Ha}

Before dropout

At=: Zhang et a/(2021), p.162

Webd S-S HAERo] AR

d
S
315
i
39,
filo
o,
o
e}
kA
Py
2
1o
e
_l‘)l'
(0]

Seegso st FEHQ wao] Yol HEolAE folust S4E >
2% 5 I PO sgo] APk et HF siso] T ol

oS =]
23ofA= Aol o] sl Dropouts A-86HA] 92 HA| A8

olg3to] |2g 45t o] YyiHolct.

Q) =757

27152 (Barly stopping)s AZTo|H0] thet oS ASAE, 2 &4
F47t 94 A% ool sl olRol A e0lE ZoIEA S A9 oy
2 7} #A77]

S~

FUSHE Wlolth. QAo AzHlolelo] at £uYS
25 BEjgo] 1D ol FOUE &9 sgol BFe oS
ol =go] B4 917] wholet. 280k she setulelo] 47} g
BYT RYYSE BT P B8] ¥ 3 ANE 07 Fep]
W), 718 Az ol Hae) RYS Foh] Hehre 2715R A8

| =gol d % 9tk

i

Ol

ST

[¢]
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1. BMXEE J1=8AE
1) dit(Ce) 71ZSAZ

A4729] EAE mofor| 93t 7| 2B AEE B0kt A 9E B/
Aol Y-S AmEd Hpdhes 19, ¥t 29, 132 2602 YEhY
Awot 15X o] MEpd®E HAECH B Tt w2 A0Z YET
Y ﬂa}%liﬂ 18 o 26, 1T 212 A A9} A=A FLe P
I} Zpol7} Aot 182 Hetat FYE x}olﬂ Aot EEHAR= Aepd
T71 10.730% 7 Yo el 115 © 3T}

(H4-1) H= 7| z8A4Z

T e i s
=iy 18.5134 28.5805 26.4262
Y 17.9828 25.6315 21.0507
Z|Hak 55.1623 76.5792 84.8737
Z|Zk 2.1322 1.61475 0.2824
HEHX 10.7290 19.9197 19.9692
Q= 0.7787 0.47842 0.6318
e 3.7453 2.0943 2.7632
Jarque—Bera 11.0548 6.4373 6.1281
(P-value) (0.0040) (0.0400) (0.0467)
BEE =+ 89 89 89

RHE: KA R

NP Al A HF ol ARt 09l 7HEaL, REZRCE ta W7t 4
AGE A A4 A= 2 FHYS & 5 Asih e Ad 3.75,
D 2.09, 15 27608 Al A BT 227t B2 SHoE qu W=
BWES 145912 oI5t Ja rque -Bera AAYEY} SAAT} B+
o Ao® UEhY Al A99] T BF AeEE= AT @ ME}



HEZd 44 04

2) J18H JI=ZSHE

AR 7)Ao 3
+3% 3, eSS 20, AxZF 18001Utt. 542 At AT
100, € HdF 48, 2 B35 3, FUeEES 19, 4% 1782

oEL

rlo
e
)
ol
&
ot
— =
[\

~
e
D
n)
o3l
ol
ol
o

> e

U7 PSS W IS Aol ArfAoR Hk. BEHAL U
47 105.57, O AT 35.96, 9 BEES 0.73, AeES

5.05, Y2 41.452 E7F A5HY E2HAL 7P 2A Ve

(B 4-2) 7|88 (Rt) 7| =SAE

=2l mm, m/s

T U= LR EOAES  ZURiES URE
o 126.5085 51.0244 3.0051 19.8750 180.0318
Y 99.9500 48.0000 2.9000 18.9000 178.3000
Z|CHk 569.5000 164.8000 5.1000 51.8000 | 300.5000
ZU 0.5000 0.2000 1.4000 12.0000 79.7000
HEE} 105.5749 35.9641 0.7295 5.0475 41.4547
Q= 1.4518 0.7638 0.4653 1.9478 0.1157
=l 5.6814 3.0606 2.6744 11.4303 2.8691
Jarque—-Bera| 114.5491 17.1395 7.1286 632.4593 0.5180
(P-value) (0.0000) (0.0001) (0.0283) (0.0000) (0.7718)
HE 176 176 176 176 176

R KA A

=
Aog HE} HES Hols Ag gl
T AR Jarque-Bera® A= IXTE AYstile BF 79291 A
O = Yeh A2 X FHoIW, YA e Bt A



(B 4-3) 7| 88H26lE) 7I=SAZ

E2l: mm, m/s

T L= LR EhAES  AURiESS URE
s 105.4489 44.0778 2.1966 16.2330 174.1494
Y 74.9500 30.0000 2.2000 16.0000 171.4500
ES P 549.1000 186.6000 3.2000 30.5000 | 282.7000
S 2.2000 1.5000 1.0000 6.3000 73.5000
BZEHX 97.6090 39.6162 0.3819 3.9716 42.4873
Q= 1.7791 1.5416 0.1016 0.6130 0.1397
e 6.9487 5.1596 3.0353 3.7411 2.7307
Jarque-Bera| 207.1924 103.9152 0.3118 15.0515 1.1043
(P-value) (0.0000) (0.0000) (0.8556) (0.0005) (0.5757)
HE 5 176 176 176 176 176

INI=MPSIN RIS

A 71V dHeEY] o2 € A5 105, A AT 44, ¥
HAEs 2 JUetES 16, AZF %ﬁé%ﬂ“ﬂ %ﬂﬂ%?}%
575, 4 AT 30, € BHEE 2, HUeES 16, 427 171
2 43 FUoHA tE HeE2 Hda 2 7‘}017} AR, A7t
7ok AgjAog = xjolE Ho|i Q. EFWAE= A7F 7
97.61, ¥ HWA7F 39.62, € BHES 0.38, He7hE4 3.97, 4=
¥ 42.492 A7 o] mEEA) B 2 Aog BEAE QI

@
oLm
J

gt E WMirSo] Y POE QEEOE tha
BE 99 8 ¢ Alon 4 THY & AT

7Hl Ao Uehgt AE: 97 24
9 ”ﬂ‘?ﬁ“—304 A5 374, Y2

OSE

oo o o
o 3 S
5 3
e
]

~J
(OS]
i

L%#%AfiAM4— SHOE BEF &S Hols A IRl
& AU Jarque-BeraSAAE E HHEHT LT At Hes
< FY4R1 Aoz yEht 4 Ha-3Ey d2F FHEE FHOH,
Uz Mg Aafaxet et | A0z YERET

80



HEZd 44 04

(B 4-4) 7|882(18) 7| =8HE

= mm, m/s

= 24T | LAUYY  FLTFES  AUEUSSE YR
b 121.6358 53.9563 1.7278 16.1222 | 178.5670
ESEAe 83.5000 38.5000 1.7000 16.1500 | 178.3500
(o3 656.1000 = 306.5000 3.1000 30.7000 = 277.1000
A2t 0.0000 0.0000 0.7000 8.9000 67.2000
BEHAt 115.6675 51.7609 0.4450 3.5603 39.3519
A= 1.7105 2.1515 0.4777 0.7304 -0.0945
M 6.5987 9.3677 2.8201 4.5649 2.9020
Jarque-Bera| 180.7957 = 433.1261 6.9299 33.6068 0.3322
(P-value) (0.0000) (0.0000) (0.0313) (0.0000) (0.8470)
BHE & 176 176 176 176 176

R KA A

=3
ol
)

SAY 7RSS Bk 2

B34 2, AdeEES 16, 92%F 1792 UEth S92 9 %
5 84, A HAF 39, € BAES 2, HeEE 16, 927 178
2 97 e 4 HieE 31 SYEe] ol Ak o7t 9l
£ ZA02 SR BFHA= G A5 115.67, @ HWdTH
51.76, @ Hd-3< 0.45, W3S 3.56, A2 39.352 A7 7
Fo EZHAL 7P & AR EAEJUHY

Y= BE HEEC] o goR REXOE A 7] HEE 7 £
2 QA T 5 Ao Yt A d HRArHol 29 © 9&%
o= XeH BEE 7H AR YETh e ¥ A4 6.60, ¥
H A 9.37, EHAEE 2.82, HHETHES 4.56, X 2.9002
LE MSE0 Byyt Bis FA0E HES BES Holk: A dRlg
4 ATt Jarque-BeraB A= YXHE ALet W4ES 7940 A
o8 Yeht xRt FEE FEold, UHA MeES FEEet A
27l W Aog yehygth



A=A FFHFES] WS BFFL 16, BESESMAT 8, 258
EA4FRF 0.09, BSF/IAEE 0.01, BFFREUFE 302 g
gt S92 BS54 15, ESESMAT 8, RS EEAATRH
0.09, E5771%%% 0.01, #FEZ22dsk 12 ¥FE22dsre
W 9] ol A Zol7t Q= ALE RIS BFEHA=
HE52 505 ESSEAAT 1.12, BEEEAATRT 0.04, BSF
71915 0.0], FEEERYSE 3228 FE245y ¥2E2eagsr o]
BEEHAL 7P 2 Aoz BN

(F 4-5) HEHN (YD) 7| ZSHZ
Tl T, mg/L, ug/L

T BE2 DO DIN DIP CHL

B 15.6873 7.6867 0.0941 0.0117 2.5491
U 15.4713 7.6175 0.0917 0.0119 1.4535
Z|CHk 26.3692 10.6275 0.2637 0.0240 19.2683
N 7.564 5.4890 0.0134 0.0004 0.2958
HEERL 5.0481 1.1182 0.0434 0.0056 3.2199

Q= 0.1170 0.1251 0.5746 0.0685 2.9306

e 1.7215 2.2859 3.9274 2.0660 11.9217

Jarque—Bera 9.6428 3.2682 12.4478 5.0873 | 650.4744
(P-value) (0.0081) (0.1951) (0.0002) (0.0786) (0.0000)

HE 137 137 137 137 137

A= KA AR
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ZAS FRIT 4= Ao HhFE9] Big= 0914 A Houbx] ggke
U #32EEL s %‘4— FTHOE U A¥0 R X9 BxE 7}
A ACE Uit Hrs B35 1.72, BSESNATF 2.29, ¥58
ZALTTF 3.93, BTV E 2.07, ji"%ii‘é%—E 11.928 &
= W59 23Ut B34S SAHCE HETG HGS Hole AS 9%
T A8l EFESEEI L 7MY MEST FH I £XE T Qe
Ao & YT Jarque-Beras A= ES-&EAATS A9t WpE
2 Y94 Aog Yeh ESEEAATT YRR FEjolH, LA
HEE2 FEEet Ayt W AoE YEpit

E 4-6) oi&Hr(18) 7|1 =8AF

. C, mg/L, ug/L

7= BS+2 DO DIN DIP CHL
g 16.2262 7.6766 0.0594 0.0071 4.5992
Sdu 16.4025 7.5000 0.0511 0.0063 2.8502
=P 27.9125 11.0025 0.2368 0.0188 28.5375
ERa 3.8600 4.7325 0.0075 0.0005 0.4516
H&EHEX} 6.6891 1.3304 0.0398 0.0044 5.3115
A= -0.0206 0.3060 1.7785 0.6488 2.7710
= 1.6858 2.3906 7.5766 2.5379 10.9581

Jarque—Bera 9.8693 4.2579 191.7913 10.8314 536.8412
(P-value) (0.0072) (0.1190) (0.0000) (0.0044) (0.0000)
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= e He = DO DIN DIP CHL
o 1.0000
BE4+2 | -0.7268 1.0000
DO 0.4000 | -0.5860 1.0000
DIN 0.1460 | -0.5429 0.1522 1.0000
DIP 0.1827 | -0.5523 0.4471 0.6885 1.0000

CHL -0.2482 0.3267 | -0.3490 0.0820 | -0.2246 1.0000
INE=HPRINESES)

AEPIE Tt EAS s Ao]o UWAS Ave, ¥
-00] 0.60342 1 B JBVAZ Kol glon, thow BEE
Eakagol 048952 EAZ 52 4RAS 2oln gick LA B4
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(F 4-13) HefdE Bt 18 o S
T2 s | BER2 DO DIN DIP CHL
o 1.0000
HE42 | -0.6934  1.0000
DO 04895  -0.7392  1.0000
DIN | -0.0832  -0.3226 0.1268  1.0000

DIP -0.0603 | -0.3596 0.3253 0.7333 1.0000
CHL 0.0360 0.1254 | -0.1143 0.1648 = -0.0708 1.0000

PNT=MPSINESES!

(B 4-14) 2 D40} SigHa ATAL

= e HS+2 DO DIN DIP CHL
= 1.0000
2#E+2 | -0.6198 1.0000
DO 0.4351 | -0.5860 1.0000
DIN 0.0155 = -0.5429 0.1522 1.0000
DIP 0.0239 = -0.5523 0.4471 0.6885 1.0000

CHL -0.1492 0.3267 = -0.3490 0.0820 | -0.2246 1.0000

AZA|Y et SRS Abo|o] JTHEAE AR B SR

! o
S BS20] -0.5864% 7HE w2 AWHAE 7L e

0207 EEFREAATO] 0.2891F EAE 2 AAAE 7R3 9
Uk YA A Hpg SolAe BSF71AsE7E oRt o] AtAof 9l
Jor ESEEH4LTFTY EFIFERILEEE A9 ATAV Q=
A0 & Yeith AZbdh oot A9 s Ayt 24 2

o} A R HEot DA E BESLTH 29 JUTATE 2
S13L EHEEALGIE oFO] HBBATL EAE
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HE2E 44 04

o
e I S

= =0l E%
= ZbAZF ZhazE %2_ I URE A0 DO DIN DI | CHL
274 1.00
Uiz 0.84 1.00
2mFE4 000 -0.09  1.00
Ze7ES 0.35 ] 0.22] 0.52 ] 1.00

dxg |-0.18 0.06 -0.08 -0.21 | 1.00

HBE+2 | 044] 043 -0.34 0.19/-0.01 | 1.00

DO |-0.22-0.22 | 0.30 -0.07 | 0.19 -0.59 | 1.00

DIN |-0.44 -0.40 | 0.04 -0.17 |-0.04 -0.54 | 0.15  1.00

DIP |-0.43 -0.40 | 0.03 -0.19 0.00 -0.55 0.45 0.69 1.00

CHL | 032 0.29 -0.01] 0.15 -0.01 | 0.33 -0.35 0.08 -0.22 | 1.00

Tt DAl B4 Pl W57t SEA AT thh Holg 1Y
oh $2IMs foNje 9] AUIAS JHIT 9l Ao Uehton,

—e | 37 | 2E0 9825
T u4E 3y B2 2
grrgng 1.00
2z 0.89 | 1.00
2EAS4-0.18 -0.20 | 1.00
HittEs 019 | 0.09 047 1.00
UxrY -0.37 -0.23 | 0.06 -0.07 1.00
HE+2 | 055 049 -0.58 |-0.20 -0.13 | 1.00
DO |-0.40|-0.36 | 0.53 0.15| 0.18 -0.74 | 1.00
DIN |-0.22 |-0.16 | 0.14 | 0.19 |-0.06 -0.32 | 0.13 | 1.00
DI -0.38 | -0.33 | 0.19| 0.16| 0.06 -0.36 | 0.33 | 0.73| 1.00
CHL 0.22 019 002 0.10 -0.20 0.13 -0.11] 0.16 -0.07 | 1.00

X2 KAt =

& HE
L Yx¥ S DO DIN DIP CHL
= T =

0z
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olej2 FHslgon, £ 1 Iefe chil 7A1e] 249) sove Sl
2, o4 20% AR el 18] Sige] EYsis
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2y 24 Eflo| MSE
7= LE B SHR} LB AL}
1 37.422 12.510 16.357
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T 3 38.128 13.028 12.380
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1 39.219 17.506 15.500
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100 2 14.940 3.490 16.731
3 53.672 32,540 19.648
1 41234 15.397 20148
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& 3 30.356 20.100 19.611
;'g 1 108.722 54.592 157.393
100 2 19.988 5.747 22.483
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o 1 821.441 9914 12919
100 2 4286 0421 37.847
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H 5-5) L5 HHEE 8 Z1H(5T)

2y 24 Hlo| MSE
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1 142214 81.807 92.874
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3 47.049 19.281 117379
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oVl 3 128 588 62.173 73351
SLOT] 1 120528 15.982 54.163
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3 90.204 27.879 109.788

F1) 9 742 Q| OIS SEfE, HI0IE] SR(EY/AS/AB)E2 71 LS MSES BAIS 29
2t 240l oYL 42 D|3H(RE BHO| 2HES 12 SUoh BHIIS
P

3) HIO|EfAIL T2} 20| 25 1: 7|AHA4(2006. 11~2021. 6), 2: £&H£(2010. 2~2021. 6), 3:

109



A=A T 5L S ] 71 AAAYRF S Bk (E 5-
67 ek, o] A9} TR A% BYolA] AHLA FHeA U

= 239 A=0ox7} 71 ARt} A|g A=
HeE 10012, FURSE SURSE 8T ZFOIA g sttt
3

0}7] dErg oA 2HYLEE 100712 AAst $AHELTS ALS
3 BN HSLA} 0.809% 5] Ao, AP A= 53.22602
QAT 28 ol A Ul AlEAp} 7P A9kd 1Y
LEE 10712 sto] 7[AHsThe AR BEgo| it g B2
TR} AF oAt Hs| AlF A7t Ao ASkth

Hiv

o
-

o

rE F[O

fu

o] dzmL o] A9} fAH SdEg 10072 Yt
SANSE 18T BRI AB0APH 0.872% 7 Asle APeR
L YR 102 Sto] Z1PASE 8T B 743 200 Liebt
t}

o THEEEPeIA BRI R 2dEst 10070 B39 A5
A7k 107090 900 o) el S Uefstont, ABeRtE o3l o 2
2971 Bt

110



H 5-6) 7| 7|03y £ ZHR5)

i 24 Hlo| MSE
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1 123.173 76.347 53.313
10 2 105.603 79.921 134.101
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3 70.842 1543 23.381
1 77.901 76.991 37618
10 2 49 247 27 867 189.047
o] 3 47.144 25.234 117.959
ggz 1 64.962 4.742 75.830
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1 382.115 150.465 134.718
10 2 222,241 148.776 215.276
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ﬁg 1 153.421 39.307 99.795
100 2 82.741 26593 156.684
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(E 5-10) e 7| 71908 =8 2HLS)

2y 24 Hlo| MSE
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1 337.520 183.324 196.102
10 2 85.184 59.331 37.967
= 3 816.861 240.347 396.959
ﬁg 1 140.755 56.870 110.328
100 2 120.755 64.794 81.201
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&7 3 201.831 339.529 247.274
;'g 1 152.082 69.229 83.189
100 2 238.157 101.748 125,078
3 109.966 20.263 53.232
1 195.442 34,005 40,955
10 2 88.442 31.722 153230
oVl 3 94.962 41,078 293.926
S; 1 80.547 26,579 86.215
100 2 31.968 4.998 289.169
3 29.421 38667 | 1405.759
1 98.060 79,662 54.074
10 2 73612 4022 390.831
o] 3 61.321 39.004 170.801
ggz 1 295.408 26.753 125771
100 2 159.977 10338 141669
3 264.635 109.973 65.354
1) 8% 212 D80l OISR} HEE, 0| £RER I LS MSES BAIR X
Z0) SOl 2Uime| Sk A8 Spieas BHel SUSE M2 SO LIS
Z3) H0|EAIS LSt 20| E2E 1 7|gtﬂ¢(2006. 11.~2021.6.), 2: +E#H+(2010. 2.~2021. 6.),
3: 7|M+4214(2010. 2.~2021. 6.)
RETPIEY
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%A AR A\ 4 T oS Aol Ao FHortEc 4
Z0A4e} AFQAE A Lk, ol (19 5-1)% 2o Eddole)
o AZdelE S wAshe] Feo] gl BAAZ AL AW B

olct. & AlES) W3 FFHIE AFHL LA 1 the TR £
Yolel $53] A8 HolErt AsdolHz A8H. ofuf AFA: of
W] gaisl AEuol R 9L HEAE Ak B AN nE 1%

937} Vol el ek

(23 5-1) UAIHSHO|E 2 =&

Ednoly

=8hojg

ISESPSVN RSS!

QO AFOAt B2hS BYe dZo] £ Ay 24T 4
glout, & ATolHE wAAZS 8o R Fuels %A Tz
% Stk BAe] ik, 53] W] L 7] dEngn 22 14Y dzn
gurt P4 o 2L Boje 2 FASK: of7] dlZug1t 204 olfat @
Ao] Eish ekt

171 SI52P9] B ARkl Wt 1007] 259 & 9] EHo]8 7t
AHEEReH, dRbAl o A APt AR T AldAE ARl 4%
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ATE T of7] SR oA = Y] ARl et 10~14719] ]
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107} E= 10071 5 E3t 29 =i vl &2 Hlol&rt &
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A& QH(MSE)
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1702 9%
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TR 2 Aol Slssoll A ARGEA] o2 AlddolE et ASAIE
ol &3] ARt MSEAF NS HAZAEE ARSH= Ao| Adsitty
Aottt 9] dlEny g S vige R X9 ny FREZ
[E oAt Bt mge Fejo] 202194 3 @45 74511 Z17k9] 4

S
=
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>~
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o2 M@E 95t XX MSEHAAIZ ), MAPEEZ A 8Q
D), Theil's UEILS] B35 ALZES AWEOITH MSES QAHTEA]-

dl&x])9] 37|, MAPE= Q49 HIS( A}/ H=4])S YEFHY, Theil's U
A= 9Fo] = X E} P2 o2 0] HBHEo} tio] 93jo] Yglo] 2
AAA AWE7] 93 ARE G-I 4 Yo

N
MSE—%E(Y £ [4] 5-1]
1 Y, Y~ f;
MAPE= 7 3} (—5=) [4] 5-21
1 N
\/W_Z

[4] 5-3]

o] & Theil's U A= oo} 2ol HofHe(Uy), w4H0e(Uy), S24t
HlE(U0)9] Al 7HA HEdsATE Wt

[4] 5-4]
Y- f (s, — s;)° 2(1—p)s,
Uy == (NY f) U= — «jv S - o p)s,s;
2
N2 £y N2 f) Vi ry

i=1

v BHbias)ol 2t @442 BIF, Use w4t 2UAIZ QI 2449
]F 23 Uce 29413 3RAC = QI @21 HlFolt. Uyolut Us
9] H]Z=o] AljA oz FrhE g5 271A AHAAE SH 5)E E3] 1y
o digg8E AT+ dou, Ut A Yefue 3% 37 Al=g 5
BP9 AE E0)7] oY1)

18) 01T

rl

o

O

21(2007), Cook(2019), Skaggs&Snyder(1991)
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1) ¥
(1) 171 HE2Y
=
HAG @7 G50l 7 W2 Al eAE EAE EY 7]
T

S sl 8T T PO 719l AFIRHE LUFY S
1007 o2, 2o A A= 11.44%

s RP o= 20214t ARG 4 ©E AS3t A= (F 5-1D
4 (a9 5-3)3 At} 2 BYPL oS i AW St &, -1 Al
(HY)9] S=HHLE ARSolH, o= 202049 99RE 20218 4¥714]9
tloJElE o]85to] df&3t Foltt. dl&gke 1095H S7oH] Altel 3¥
of el Gotal 4, 5900 sloh= B9t vl ME-S B

é 9] Mok 1.74~34.36, BFL 15.80%.00] ABAAFRFL of
o =9 WOk 123~32.90, WL 153602 T 243
o Hg%vg | P&} S mEEIRI ANkl 9 2870 oo}

olr

19
o
i)

(B 5-11) MRS 27| IF2Y F U Y ZH(ASHEY)

TRl &/3
2020 2021

10 11 12 1 2 3 4 B
5 2.97 7.07 | 1595 | 21.83 | 29.99 | 34.36 | 13.24 1.74
LES 1.93 4.81 1217 | 22.62 | 2648 | 32.90 @ 20.72 1.23
#E-01=  1.03 2.25 3.78  -0.79 3.50 1.45 | -7.47 0.51

MSE MAPE Theil's U Um Us Uc
11.44 24.46 0.09 0.02 0.00 0.97

ARSIV X
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(O3 5-3) MEX|Y 7| 0IS2E A B £ AHIZ34EY)

!

Afz: MAH AR

Theil's U 0.092 581, 9x10] Ul H|ZS AHEH 24| ¥
A7t A9 vl E wHE Uvd Uss 22F 0.02, 0.0002 ZR9Fal, vl
AH 221& Zok= Ut 0.97= 15711 et @4 Zgo 7141 AH
W2 Bt 7iAo] ofElE AR FESIh

AR 9] 7] d&oA 7H Fe AP AE HYW REL 1A 7|
g SAHSE BT S50 ARSSH TR HAEER (LY T 107H)2
2, 289 AIFQex= 11.1460]c},

W
l
i

g g o8l 2021d4t ARG 7 TE 5T e (R
5-12) 9 (O™ 5-Hoh gk, £ B2 oS SR S L T 0, -5

AEGAE Ao SHEsE ARSRITE WEA A5l ARRE dlolH
20209 5¥E5E 20208 1287K4]9] go[goltt. A5t 10¥5E @
7t $7¥8171 Alste] 2ol Aol Estal 395 siEfela] UA| B5A
e T Aoldt 23 YeksoTo

rr
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o523 £y 21 05

H=A9] = 1.74~34.36, a2 15.89% 01, ©FLZ o]83t o=
2]19] M= 0~32.89, B2 15.552 EREE= v Yelyith. MSE=
11.152 ©7] 2gof ula] 2Qko}, MAPEZR 32.03°0= 235|H ¢ 7o
™ Theil's UAlS= 0.09% Z9tth 9] 233} vi7RA= Ucgtel A
Vet 7H4Q1 JEE 55 2y Jfio] ofE Aoz FHHT

B 5-12) MeX|o] 27| G50 2 B4 8 ZQISHZY)
TA9): 4/
2020 2021
10 11 12 1 2 3 4 5

= 2.97 7.07 | 1595 | 21.83 | 29.99 | 34.36 | 13.24 1.74
L 3.62 419 | 1194 | 22.04 3289  30.39  19.34 0.00
#H&5-01= -0.66 2.87 401 -021 ] -290 | 39 -6.10 1.74

MSE MAPE Theil's U Uwm Us Uc
11.15 32.03 0.09 0.01 0.02 0.97
Atz KA &S

!

Atz KA AR
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2 o7] Hz2y

7t 07] =2 E

3 B o]8al 202194 AR HY 7 g St 2= (&
5-13) 9 (O9 5-5)% 2t} & B2 oS B AES t~+7018 L &
o, t-1~t-2 AA7HA9] Hlo|e g ARERItE. wEbA] ofl&o) ARGE Hlofe=
2020 89RH 20209 9€7HA|9] TlolEolt}. A&E> 1095E 7t
S7Fsl7] Altsto] 3ol 4ol Dotal 4, 590 slehol= AA TEA]
HI3E gt ek Hojqlth

&A= A 1.36904 1L 36.6, Bt 16.459] HHollA A=At
MSE= 13.44% 171 oS0l Hls &% 2™, MAPE= 27.60, Theil's
U A4E 0.098 1719 &= g 7} vl3ict. 27§47H9] HlolEhE o&
sto] A o]71& &3tk AL S} o] 9 E7A 9] AR QL
= Yuigitt. Iol E-olal ofl&gke] W/ dolu MAPE SHOlA oF
9] 7Y ASEFET Y2 58S et & 4 k.

1,9

(& 5-13) MK 07| QIZ2Y1 & B4 T ZIHASHEY)

TH9): 2/

2020 2021
10 11 12 1 2 8 4 B
4= 2.97 7.07 | 1595 | 21.83 | 29.99 3436 13.24 1.74
= 5.26 6.12 | 1324 | 19.71  27.28 | 36.60 | 22.02 1.36
HE-01F -2.29 0.95 2.71 212 271 224 | -877 0.37
MSE MAPE Theil's U Uwm Us Uc
13.44 27.60 0.09 0.02 0.00 0.98

Atz KA EY
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(23 5-5) MEXIY 07| IEZ1 Y U Y ZiHASHEY)

I
i

Atz MAHARY

Lt 0f7] o528
HeA o] hEmF29] B9 7P e APLAE HYH BF 7]
AHolEE Shel A8 The IAEERF(@YwC 1007)01%ick

o 23 o]ga 202194 ARG 9] 7] TE cI&T A= (&
5-14) 4 (¥ 5-6)3} 2t} £ HFPL A& Zi AIRE o7 E o771
I, -4~t-971A]9] 67EA] TlofElE ARSI Wb dfiSof ARGE
glojel= 20208 1€95E 20204 6971419 Hlolgolt}, &gk 109+
E] @7t S716l7] Alkste] 39o]l 3ol Eotal 4, 590 shtole AA
HEX|S} vl 3t WS Bl

&A= HA 1.71914 HIL 32.32, B2 14.459] HAS Yepidch
HEAE} ggto] 1.44 Wokor 49, 108 AlQlstile= ANz oE JhA
=t ol MSEE 17.742 th2 &gof| v|g)] 31oH, Theil's UAlS
T 0.112 H|2A %93 MAPE: 22458 Hw 23] Wokth w3t 99] A¢
ot v E2 Uzt 0.822 &7 YRt

1y
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B 5-14) HeXI2 07| (5232 2 B4 53 ZUQIBUZY)

2020 2021
10 11 12 1 2 8 4 B
=5 2.97 7.07 | 1595 | 21.83 | 29.99 3436 13.24 1.74
= 3.41 484 | 1098 | 17.72 | 2392 | 32.32 | 20.72 1.71
HE-01F -0.44 2.22 497 | 41N 6.07 2.04 | -7.47 0.02
MSE MAPE Theil's U Um Us Uc
17.94 22.54 0.11 0.12 0.06 0.82

PNT=MPSINESE|

(23 5-6) MEX 07| QIE2H2 F t 3 ZuH(SHEY)

!

(1) 171 HEEY

7t ©®71 0=

HEA G 7] oA 7Y 2 AIFeAE HYH B2 A
£ ool AR A7) 71BN R P (RYE 1007) 2R, BP9 A
YAHIE= 29.89% Tt
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3 2P o]ga 2021¥AF AR Ge] 7] dE
5-15) 2 <T¥ 5-7>T1L Lt} 2 Ty o %‘ ARE ot & o,
t-1~t-57H1] 9] EHHFE ARRITh mEbA o
Ll IOQJ‘:‘H 20219 4% JWPZH glojgolct. A

o] H|3] MSE, MAPE, Theil's U A4 50] 741 UeRgt}

H 5-15) QX% £ 528 2t 5

Ch9): &/
2020 2021
11 12 1 2 3 4 5
4.01

10.54 11.24 20.24 34.86 40.31 32.41

BE
B 678 1072 1778 4108 50.20  40.00  8.71
BE-OIE 376 052 246 622 989 759 | 471
MSE MAPE | TheilsU U Us Uc
33.82 33.68 0.10 0.28 0.42 0.29
Rpz: R &b
B 23 AWQIBAZY)

(12 5-7) STX|Y CH| G ERS 2 ofa =

Il

60.0
—a— o=

Rz KA R

19) AlRiQAt= 102 5E] GRMX|Q| Ha S0 tigh QAIUCH, =9 202134 Z MM 0{7]= 11

a-5e2 <HB 15)Qt= 10|17} QS
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TEA= A 4.01, 3L 40.31, Bt 21.949] FEE HIOH, F5A]
= A 6.78, 1L 50.20, Bt 25.04F B=A] 0| v]3 A YEhdth &
5] AJAL HlFo] 2 2¢ o]F Trofl tigh fjSrgo] FEriRtt o]

MSEX 33.82, MAPE: 33.68, Theil's U A4 0.100]ch.

Theil' U AlE AlFAos Ao, Uyt U7t 42F 0.28, 0.42& A
WA ASEFOIMES A YERTE A1 HIAAY 2119 vSZ

SR G2 7] dSollA 7P W2 AlHLARE EAE RE2 7140l
ERhe o] &3t te HHEERF(2HE 107101, 3id 2F2 AldL
A 44.962% @7 ISl B3 .

g B o]g3) 202194 ARG 7 T
5-16) ¥ (T¥ 5-8)3} Zt}. £ HFL oS 5 A
A9 HlolEE AREStE wbA] off&of ARgH flo
20209 12€71A|9] ©lolEfo]tt.,

=351 A7k= (#
2kl & o, t-5
20204 GEEE

jak)
fr to o

H 5-16) &=X|Y 7| HZ2Y 2 B £ Z2HISMEY)
Er9l: 2/3
2020 2021

11 12 1 2 3 4 5
BE 1054 1124 2024 3486 4031 3241 401
0% 786 772 2194 4788 4501 4290 897
BE-0)5 268 352 -1.70 -13.02 -471 -1049  -4.96

MSE MAPE  Theil's U Un Us Uc
49.82 38.64 0.12 0.34 0.37 0.29

ARSIV
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A5Gk 1097 B} B7151] Alfete] 28of 34 )2 ¥ Sfet
She 2415 Hol, A4 BEX(3Y A4 olF stehoks tha Aol
HE FAE RAZA,

&&= FA 7.72~47.88, B 26.042 9] A9 vl A2 11
4 9 12¥E Alota= #EA0 vl Ao FHH FFE Bk EF
MSE= 49.82, MAPEE 38.64, Theil U A= 0.128 @] o|&mgo|
Hsf Fggt AL & 4= AT

<k
2y
2

E3SH Theil U A4S ARZoE AHEA, Uyt Us?t 2+ 0. 54 0.37
2 99 wa npA 2 A etk HAAE 2919) HiES S
Uek 0,202 ¥127 2 eht 371491 A28 594 292 Aol 52
Seha skl

(13 5-8) A=K H7| MIZ2Y F B £ Z2H(AUSHEY)

[=1]
=1

:

[N3]

R KA A
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2 o7] Hz2y

7. o7] I=S2ET

TAY of7] dEEY] F 7P B2 AFAE BEd BE2 714
HlolEE sl ARgeE 7] 7|9AATEF(RYEE 1072, 23
9] AP A= 15.37°]191tt.

(H5-17) ”=XY 07| QIE2Y1 & H4 £ 2343 Y)

Rl &/
2020 2021
11 12 1 2 3 4 5
s 10.54 11.24 20.24 34.86 40.31 32.41 4.01
(UIES 6.96 6.82 17.18 32.02 40.47 35.30 11.31
H=-0= 3.59 4.42 3.06 2.84 -0.16 -2.89 -7.31
MSE MAPE Theil’'s U Um Us Uc
15.95 41.20 0.08 0.02 0.00 0.98
PNT=HPSINESE]
(O 5-9) &=X|Y 07| S22 A S Y ZIHISHED)
4590
- _ —a— LI o
35.0 . &
00 ai .
20.0 &
100 — .
5.0 s .

-
P
a

I

L

ARSIV ESTY
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=28 =9 Za 05

Lt 017] GI=Z=2H2
A=A H9] of7] dlERF2 F 7H dlSEe] FE XY 71 HolHE
WEP (e 107122, AlfeAR= 37.62%0

o,
oft
K

F= ol&3f 202194 AR 4 @ dIE%t Ak (&
5-18) 9 (1" 5-10)3} &tk 2 HEL dS B3 AIHS t7E t+72aL
S o, t-4~t-9 A7 7VESE ARERITE TEbA dlSo] AREH T
o[El&= 20209 1¥5FE 20209 6E7HA9] HlolEolt}. of#f9] = =
Z199] 202194t o7]of sigskeE 2020 11€5E 20219 5¥7HA9] 9
Z2] 4 olE v o R AESt d&8 HPARE VEhdth

(B 5-18) &=X|Y 07| GIEZH2 & T =8 ZUHRISHEY)

Er9l: /24
2020 2021

11 12 1 2 3 4 5
BE | 1054 1124 2024 3486 4031 3241 401
0% 846 831 2412 4045 5089 4167 999
BE-0IZ 208 294 -383 559 -1058 -926 598

MSE MAPE  Theils U U Us Uc
41.85 40.76 0.11 0.45 0.33 0.22

NERPONEE!

&A= 3€o -] Gotal o] F sftoh= AA TS|} HlS=gt
£ B0, A 8.31, 1L 50.89, Byt 26.27= T=A H|F
Aoz i FHEUT 195 H 682 A TATE YA=7] Mol AJH
2, AFAH R Bito] FFS v|A= HolE 7t 1HEA] ¢9t7] wiwo
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0] AR} 2-1-8 P v]S] 2X7} AA Yelt Aog B 4 k.

(2 5-10) A=X|H 07| GIS2E2 Z T4 =5 ZaKel

Afz: MAH AR

MSE+= 41.85, MAPE= 40.76, Theil's U A4 = 0.112 0} 50|
A ebgeh, A0l BEFEASE AREH, Ut Ust 42} 0.45,
03392 149 oAEmFoIxe vlstA] 2A hebiteh. vlAAS 2919
H32 ok Uck 0.22% Ueht 422 ARE F7tsle] Bge At
thl 2o HEES U 4 US Ao Btk

3 1

ofol

(1) 1742 o=y
7). ©7] oE

TEAGY W] RS HY % APOAE BYE BYS 54
oElE Siol ARGT Fe7] 719 ABYRH(EHE 10005, B
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(H5-19) IEX|Y H7| (52 Z e 8 a5 4ZEY)
TA9): 4/3
2020 2021
12 1 2 3 4
== 38.18 45.36 40.79 26.59 1.64
UES 37.94 55.24 40.56 17.18 0.00
H=-01F 0.23 -9.88 0.24 9.41 1.64
MSE MAPE Theil's U Uwm Us Uc
37.81 31.67 0.09 0.00 0.35 0.64
R KRR

(33 5-11) 1EXY 27| QIEEY Y H 3 ZaHASHEY)

£

[=]
»

S mRe o838 202194 AN 7 Bg oS Aske (E

9 (2% 5-1D3 Pk 2 BES o B ARL et o o),

t-1 A%9] SUNSE A8} meb oZo] A48 HolEt 20204

11956 20219 387H49) Hlojelole}. &gk 190 3ol ot o]
% Shtshe A4 BEA9) 2 Fol8 HolFRr

WEAE= 24 1.64, 2L 45.36, Bt 50.319] HSIE o, ASA|
= 3420, 1 55.24, Bt 30.198 BEX|0| v WAF ZA e

20) MERAN= 1022 SETIX|Q T2 0IF0] TSt QRIF OO, 159 20214 2 At 017]= 12~4
HE (B 5-19)°%= X017t ULt
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193 3€9] @APF 27 Yebg=tl, 202194k o
37.81, MAPEE 31.67, Theil's U Al 0.09%tt.

oZo] st MSE=

MSES} MAPEZF 208l 2] 813 Theil's U A% oFashA] Lrepgies],
BEFEASS AWET U/} 0352 Hld 2 UeRt 93o)A oagt
o] Bt FJol7} AHal= HlFo] 2 A0 Uergtt,

Lt &) oS

15A99] 7|14 N5 71 e ARexE Hyd Bge )
4 olEIE sl 48T B AIMAREHEHE 10405,
B9) APLARDE 30.94%c

g LS ol8sf 202194 A
5-20) ¥ (I¥ 5-12)¢F gt 2
-5 A9 7SS ARSI wEbA oS0 ALE

7YEE 20209 1197k4]9] gloJgfo]tt.

=

(H5-20) 1EX|H &

OO
EA9l: /34
2020 2021
12 1 2 3 4
HE 38.18 45.36 40.79 26.59 164
0% 37.28 44.28 35.24 19.63 1.49
50|15 0.90 1.08 5.56 6.96 0.15
MSE MAPE  Theil's U Uw Us Uc
16.26 10.69 0.06 0.53 0.01 0.46
R2: XA 2

1) AIRQRH= 1022 E] 5ETX|Q| B IS0 THEt QIR

- , 15| 202114 2 444 0f7]i= 124
2= (H 5-19)2h= X0|7}F QUL
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(138 5-12) 1EXS F7| QIEEY Y B 3 ZaH(A3HEY)

L
I.-
[4
Il

() 3
(=T Y = R ¥ T = O Y = R = T =1

N

i

(5]

[ ]

=
F= R~ N = R~ T == T~ N~ R — T = TR ~— T -1

[

Atz MAH AR

o 5ghe 190 el FHT ol% Stishs A BEASE 1l gt
WL HolRolh. ol Bt AHA JTTAY} Holdrky B 4
9= 5742 9] PolEl S ABIALE, AeHel dZeo] YA L
e,

&A1) W= Hh 1.49004 11 44.28, Bt 27.58E ©7] S
FEC BEA|0] 7L WA Aoy, AREH o' 4G o] L.
olm MSE: 16.26, MAPEE 10.69, Theil's U A4 0.06°0& ©7] 9|
23] Hlg} 2 d&58S etk

HEdsATE AHEY, U0l 0.53°22 7FE 7 #5343} 542l ¥
2| AolofA 2= A9 HlFo] 7HY A o' YERgeH, Uss 0.012
A Aol A2 Zlog 4. Bt Uce 0.46°22 YEY T 2
=25 712 Hgste] 2ge A o jle Aes dddn

_:
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2 o7 HISE
(HCEE
1FAAY of/] AZFIGNH 7P e AYAE HYH BFL S

[o]E1E shgoll ARSRE te HAEERF(2HEE 10702z, 232
A A= 33.12%0

Al

fll
o

g BES o &dl 202194k 2FAG 4 TE 5T Bde (#
5-21) B O™ 5-13)9 £ & B2 dlS S A t7E 4720l
S, t-1~t-2 A7 9] SRHESE ARG WERA dlSo] AR T
oJEl= 20204 8EFH 20201 9€7HA]9] Hlo[eloltt. oo = XA

oi&2]9] M= A 6.560014 FIL 42.74, B2 29.86°0F A4 174
4 374 2ol vls] AA FSAeE § 7R gro] =EEHAH ojdf MSE
= 12.15, Theil's U A$E 0.052 4o5H Uertow, MAPE 3
65.35% thh A FHEL o] Aol 22 4Y(TEA] 1.649)9]
ZX]7} 6.56°02 @A} Hlgo| £97] fEo|tt

B 5-21) TEX| 07| 0521 2 B4 25 ZHQITHZY)

— OO
Er9l: /3
2020 2021
12 1 2 3 4
BE 38.18 45.36 40.79 26.59 1.64
0% 36.82 42.74 35.61 27.55 6.56
HE-0I= 1.36 2.62 5.18 ~0.96 -4.92
MSE MAPE  Theil's U U Us Uc
12.15 65.35 0.05 0.04 0.79 0.18

Af=: MAH AR
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=28 =9 Za 05

(23 5-13) IEXIY 07| (IE2Y1 & B4 £ 2 IS HEY)

50.0

14
it

250 S
i e

Atz KA A

HEFSASE AEHEH, Uyo] 0.042 HF9] Zjo|& 13t QA= &9t
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D32 18.47 0.11
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238 26.73 0.13
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232 95.46 0.17
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