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Abstract

This study presents a predictive comparison between
machine learning models and classical models in forecasting
the USD[EUR exchange rate during the period 2000—2024. It
evaluates the accuracy of the Long Short-Term Memory
(LSTM) network as a modern artificial intelligence model, and
the EGARCH model as a classical dynamic economic model,
using Python and EViews environments.

The results showed that the LSTM model outperformed in
capturing nonlinear relationships and minimizing error
metrics, reflecting its efficiency in forecasting future
volatility. In contrast, the EGARCH model demonstrated solid
performance and strong explanatory power in analyzing
variance from an economic perspective.

The findings indicate that forecasting accuracy depends more

on the nature of the model than the programming
environment, supporting the adoption of hybrid models that
combine the analytical strength of classical models with the
flexibility of Al-based approaches, while retaining classical
models as a reliable analytical reference.

Keywords: Forecasting, Exchange Rate Volatility, LSTM
Neural Networks, EGARCH Model, Classical Models, Machine
Learning.
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import pandas as pd
# L SM wdlo Sc9
df = pd.read_excel{'data.xl=sx")
# Sl Losi oo Sl bgsen 5 ol Sac
print{df.head(})
. L sgoell o= dotetime
‘observation_date” = pd.to_datetime(df["
(o Faclai) Fplil o uwu> Celila ] )9
df =
# AofllN oudll .o Gaill
print{"Missing values:wn", df.isnull{).sum())
# dnlili o8  olc Sgimei ol Godall Sllf

df = df.dropnaf)

print({"Data after cleaning: ™)}
print{df.head{}}

observation_date DEXUSEU
a 2e22-al1-a3 1.8155
1 Zeaa-al-a4 -a3a9
2 288a8-a1-a5 -@335
3 2e@a-al-a6 @324
4 2@oa-a1-a7 .B294
Missing wvalues:
observation_date a
DEXUSEU 255
dtype: inte4
Data after cleaning:
observation_date DEXUSEU
2e22-al1-a3 1.8155
Zeaa-al-a4 -a3a9
288a8-a1-a5 -@335
2e@a-al-a6 @324
288a-a1-a7 @294

upyter Notebook) i ez 0stl a2l a8 alasawl ala)l slasl <o 0 ydagbl
Py 2 Ok ¢ o)

5 flsil: (observation date) opssee Jo syt @l CULY il fad @ oDl S2N
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Bz leslll wlpalt ol :(03) S

import numpy as np

# deoinleglll ailgell Ll
df['Log_Returns'] = np.log(df['ExchangeRate'] / df['ExchangeRate"'].shift(1))

# aigell o 0.9 5 r;"y."l G
print ("adle Il Sl e a5 5 Jsli™)

print(df['Log Returns'].dropna().head())

So e Ll - - AT
Lralygle I ol gl e 8 5

Date

2008-01-04 9.015051

2808-81-85 8.082519

20008-81-06 -9.081a865

2008-81-07 -9.082918

2808-81-10 -9.004888

Mame: Log Returns, dtype: floaté4d
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G ely Bl g0l Vsl O e Bngd) Bot )i glll Wlgal) o o8 i Jof el (K)ol
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# wilgell cleres ol Clw=
df[ 'Squared Returns'] = df['Log Returns'] ##% 2

# oolill o pud 5 Sol Losc
print("\neuall il oe a8 5 Js0:")
print(df[ 'Squared Returns'].dropna().head())

§ o€

el ol e 2 5

Date

28008-01-84 8.080227

28008-01-85 8.080806

2808-01-06 8.080801

2806-01-07 8.0800808

2000-01-10 9.000017

Mame: Squared_Returns, dtype: floatéd
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1o t
"squ | Returns'] = df['Log_Returns'] ** 2
df .dropna(inplace=True)

plt.tight_layou
plt.show()

S pall i il el
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from sklearn.preprocessing import MinMaxScaler

# bl pazxi

scaler = MinMaxScaler()

scaled_variance = scaler.fit_transform(df['Squared_Returns'].dropna().values.reshape(-1, 1))
# &uhil a2 08 5 Jal yo,c

print ("\ngaldl = ol g w8 5 J:)

print(scaled_variance[:5])

plall sey il e a8 5 e
[[©.106089719]
[0.00297157]
[6.00053112]
[0.006396622]
[6.00782839]]
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print("\ndlsl Lia, Slilaal: ")

print(df['Log Returns'].describe())

print("\newidl ol Lie, Gl ")

print(df[ 'Squared Returns'].describe())

N EFCE N

count 6267 .000000

mean a.000003

std @.0085828

min -@.830831

25% -0.6883142

50% 2. 0000008

75% 2.883184

max 2.8462088

Name: Log Returns, dtype: floatb4

o U Ry Chlanl:
count 6267 .000000
mean .@Bee34
std .90ea72
min . 9oeeoe
25% .80eea2
50% .80ee1e
75% . 888837
max .882135
Name: Squared Returns, dtype: floaté4d
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# _L-':|'I_i,]_x':-"." l_-’l{.':l-'.pﬂs u_-'u_J-" b=
df[ 'Squared Returns'] = df['Log Returns'] ** 2

# SV 8yall e azmild] ouill Wi
df.dropna(inplace=True)

# bl o 0u8 5 "'.9"': AL
print("\ngo &l oldll ge a2 5 dd:™)
print{df[ 'Squared Returns’].head(})

el Gl e a8 5 0

Date

2008-81-84 8.000227

2098-01-85 8 .0000056

2098-01-86 8.0e0001

2008-01-87 8.000008

2008-081-10 8.000017

MName: Squared_Returns, dtype: floated

(Jupyter Notebook) sy e 05l a2 a3 alasaanls alall slas) o @ yhaall
plsial @ Ll o8 ks Al U oda 3 4 MinMaxScaleralisauly Ll ks -04
S 23U ol e ol b [1 0] Bl oo o)) aid cllsy « MinMaxScaleras; o=

gal)

MinMaxScalersiusaal 2Ll xoki :(09) JSCa

' —_ Fl rN

from sklearn.preprocessing import MinMaxScaler

# el olbly paz=i
scaler = MinMaxScaler()
scaled_variance = scaler.fit_transform(df[ [’ Squared_Returns']])

= t?._,l..l..éLJl.'l e 0u9 5 r;_g.'l; e
primt("\negldll s oldll e a8 5 J50:)
print(scaled variance|:

ekl il e a5 5 Sl
[[0.10609719]
[0.00297157]
[0.00053112]
[0.09396622]

[0.60782839]]
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Cﬁbﬁ Lgﬁ'c?ﬁzﬂ\jgt o dl’hﬂb c&%ﬁul\vgﬁb Q;Liﬂ\dkf> o ;@iMJMJ\LfﬁL¢u$ 15U& RV cc?ézﬁ
e dedl Lgypals (gdeg UL

gkl dnsy 3 plall Jlax! e 1(10) JS0

# wadoll olill (aila>] wdog
print{"\n—=yl coill Saa¥l caadiz™)

print(df| 'Squared Returns'].describe())

# gubhdl ae polall ila>| dog
scaled_series = pd.Series(scaled variance.flatten(), index=df.index)

print("\nekdll s pplall Sloail cas ie™)

print(scaled series.describe())

el an W Caa
count 6267 .800000
mean 0.888034

std 0.000072

min 0.000000

25% 0.000062

5% 0.000010

75% 0.000037

max 0.082135
Name: Squared_Returns, dtype: floatbd
T ECERT Rl DR [ T
count 6267 .800000
mean 8.815986

std 0.033805

min 0.000000

25% ©.680919

50% 0.004693

75% 0.0172080

max 1.6868008
dtype: floatbd
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import numpy as np

# duiogll S19LN 11z

window size = 28

# oMawdwall slavy ally
def create sequences(data, window):
X y=1[1,
for i in range(window, len(data)):
X.append(data[i-window:1i])
y.append{data[i])
return np.array(X), np.array(y)

# oMudwadll elaidf

X, ¥ = create sequences{scaled variance, window size)

print("[H —oilal o) 3
print(f"J<s X: {X.shape}™)
print(f"Jss y: {y.shape}™)

D o PP il .:"L_! 5
Jz X: (6247, 20, 1)
s oy (6247, 1)

(Jupyter Notebook) sy e 05l 224 33 alasaanly alall slae) s 2 ybaall
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S5 aolel X olih wowlisl [STM (wliwe colghs olic)

X = X.reshape((X.shape[@], X.shape[1], 1))

print("\nf@ J£35 sdc) & X G ) LSTM:™)
print{f"Jss X JEs s {X.shape}™)

B Js= o) 5 X a8 ) LSTM:
3 X (1,20 ,6247) :J€adl

T+ u.l)__l_l_n.-'l.'l e aaty

split index = int(len(X) * ©.8)

X_train, X_test = X[:split_index], X[split_index:
y_train, y_test = y[:split index], y[split_index:

print({"\ngg Ul ~uat 5:7)

print(f el e wer {len(X_train) ™)
print(f" sy e e {len(X_test)}™)

B i s
4997wl clie we

1258 @ &) Cide s
(Jupyter Notebook) s e 05l 224 33 alasaanls alall slael s 2 ybaall
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# JoM Jod il o diuc Loc
print{"\n(zs Jsf) ¥ Julall pe dic:™)
print(X_train[8].flatten())

print("\nselll ol Aliedl dasdieall dagli:™)

print(y train[8])

(3235 J50) YW Jedeall e duc
[@.186689719 @.88297157 9.008053112 0.88396622 0.00782839 9.92168648
9.00741882 ©.00053672 0.09079097 0.00022383 0.00016469 @.0014885
©.00498351 ©.0303661 0.00225326 0.08419329 0.06925622 ©.0757727
0.0003146 ©.08333457]

2343l oagl dldzall dangiiaall dasll;

[0.00674539]

(Jupyter Notebook) sy e 05l a2 a3 alasaanls alall slas) o @ yhaall
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LSTM
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plt.figure(figsize=(8,4))

plt.plot(X_train[@].flatten(), marker='o', label=arabic_text("cidl Jubs o =)
plt.title(arabic_text("-= I s

plt.xlabel(arabic_text("i:

plt.ylabel(arabic_text("madl il iu))

plt.grid(True)

plt.legend()

plt.tight_layout()

plt.show()

capill bl o aisa) duio) 539k

75 10.0
asio )l glasll
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Laped &)l ol e )l E LSTMelib slaseat e YOl [NENIVIEI A UPR O
ol L coliglly Slikll sue o LSTM 7358 sl o Sobdl oda 3 ipdgedt sl (01
gyl aldld) dey b

bl Al (3 oL i) LU s e 23 gadl (S ] el s Gy

o) Aoy LSTM 2356 5y Lol :(15) a0

from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import LSTM, Dense, Dropout

# zigoll eli
model = Sequential(
LSTM{64, return_sequences=True, input_shape=(X¥_train.shape[1], 1)),
Dropout(8.2),
LSTM(32),
Dropout(8.2),
Dense(1)

)

# zigoill geozi

model. compile(optimizer="adam’, loss='mse’)
print("Bl oy zisadl pesds da S0
model . summary ()

B clon zasadl moands oy 5.
Model: "sequential”

Layer (type) Param #

1stm (LSTM) 16896
dropout (Dropout) 2]
lstm 1 (LSTM)

dropout_1 (Dropout)

dense (Dense)

Total params: 29,345
Trainable params: 29,345
Non-trainable params: @

(Jupyter Notebook) sy e 05l a2 a3 alasaanls alall slas) o 2 ybaall
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I weasdl Jdid Dropout kib Lugi LSTM (il 0 035 (clr LSTM 35 mondy ol ¢
dag U clall BB oleo T 29 Ll e 23l 522 L 5l 25 Y Dense 3ik z3ged) g5
Ljie e 093 bl bl (3 aed) LUEY) ClasY Gulis

geks oo LSTM 2346 5 -4 ods (3 oz :Early Stopping sluswat z35ed) s (02
el b s s s r3sed) oo ol e BUL (o) U 5y (Barly Stopping .o
Dbl Sbly e ads ety

Early Stoppingai xe LSTM plasical #3550l (5 :(16) S

from tensorflow.keras.callbacks import EarlyStopping

# ,Seodl adgill df
early stop = EarlyStopping(monitor='val loss', patience=18, restore best_weights=True)

# esgaill Cuppi
history = model.fit(
X_train, y_train,
validation_ data=(X_test, y test),
epochs=1@@,
batch_size=32,
callbacks=[early_stop],
verbose=1

)

Epoch 1/180

157/157 [ - 11s 33ms/step - loss: ©.8@13 - val loss: 3.746le-84
Epoch 2/100

157/157 [ - 4s 25ms/step - loss: 0.8813 - val_loss: 4.4428e-
Epoch 3/180

157/157 [ - 4s 26ms/step - loss: 8.8013 - val_loss: 3.5865e-
Epoch 4/100

1577157 [ - 55 29ms/step - loss: 0.8013 - val_loss: 3.577%-
Epoch 5/10@

157/157 [ - 4s 28ms/step - loss: 8.8013 - val loss: 3.7310e-
Epoch 6/18@

157/157 [ - 23ms/step - loss: ©.8013 - val_loss: 3.5360e-
Epoch 7/180

157/157 [ - 27ms/step - loss: 8.8813 - val_loss: 3.5798e-
Epoch 8/100

157/157 [ - 27ms/step - loss: 0.8013 - val loss: 3.5863e-
Epoch 9/10@

157/157 [ - 24msfstep - loss: 0.0@13 - val_loss: 4.3281e-
Epoch 18/10@

1577157 [ - 23ms/step - loss: ©.8@13 - val_loss: 3.6331le-
Epoch 11/16@

157/157 [ - 24ms/step - loss: ©.8013 - val_loss: 3.87@8e-
Epoch 12/10@

157/157 [ - 29ms/step - loss: 0.0@13 - val loss: 3.635le-
Epoch 13/16@

£ B B 8 B 8 ®B B B ® B
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plt.figure(figsize=(10, 5))
plt.plot(history.history[ 'loss'], label-arabic_text('-s<l olsi'))
plt.plot(history.history[ 'val loss'], label=arabic_text( =i gl='))
plt.title(arabic_text( - -

plt.xlabel(arabic_text('. (

plt.ylabel(arabic text( isil"))

plt.legend()

plt.grid(True)

plt.tight_layout()

plt.show()

il slil gigaill Olags Luinio

WM

3’ 0.0008

6
(Epochs) gasll
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# Soiill iuiis

y_pred = model.predict{X_test)

print (" s =M
print (f"5=ll i J£3: fy pred.shape}”

48/48 [ 1 - 1s 8ms/step
B s s o
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from sklearn.metrics import mean_squared_error, mean_absolute_error

& iy <
¥ opazoedll el

y_test_inv = scaler.inverse_transform{y_test)
y_pred_inv = scaler.inverse_transform(y_pred)

# duiing dadad> pa9 5 o i P-yYe
print ("\ngaal ddll e o5 5 Jsii")
print(y_test_inv[:5].flatten())

print ("\nzisd gldl ge af 5 Jsfi)

print(y_pred_inv[:5].flatten())

Al se Wf 5
[7.94871353e-87 2.96822795e-05 3.92761259e-07 1.563@95752-06
1.92695073e-85]

il Gl e aF 5 s
[1.2471026e-85 1.2751112e-05 1.3480226e-05 1.3852351e-85 1.3930181e-05]
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# wlia> RMSE 9 MAE
rmse = np.sgrt{mean_squared_error(y_test_inv, y pred_inv))
mae = mean_absolute error(y test inv, y_pred _inv)

# Ul MAPE 60 (alc dowill izl spsall pudll azlleo go

def mape(y_true, y_pred):
y_true_safe = np.where(y true == 8, 1e-8, y _true) # ,b»  alc dowdll gio
return np.mean(np.abs((y_true - y_pred) / y_true_safe)) * 100

# Ulu> SMAPE
def smape(y true, y_pred):
denominator = (np.abs(y_true) + np.abs(y pred)) [/ 2
return 180 * np.mean(np.abs(y_pred - y_true) / denominator)

# oblwell Lai
mape_val = mape(y_test inv, y pred_inv)
smape_val = smape(y_test_inv, y pred inv)

# C_;I'.u.ﬂ =y

print(“\nfl ¥ <. )
print(f"RMSE: {rmse:.6f}")
print(f"MAE: {mae:.6F}")
print(f"MAPE: {mape_val:.2f}%")
print(f"SMAPE: {smape wval:.2f}%")

L] &= o pnia:
RMSE: @.eeeode
MAE: @.808823
MAPE: 9363.88%
SMAPE: 114.37%

(Jupyter Notebook) sy e 05l 224 a3 alasaanls alall slae) s 2 ybaall

RMSE = 4.0x o [ 2aisn e z3sad) Jonm Com Wgea R3de 83 i) s o gl
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# L\ acgozxol alldoll FZujlg
dates = df.index[-len{y_test):]

plt.figure(figsize=(12, 6))
plt.plot(dates, y_test_inv, label-arabic_text(" 250 L"), linewidth=2)
plt.plot(dates, y_pred_inv, label-arabic_text("Z#d ;4a"), linestyle='--', color="orange')

plt.title(arabic_text(" 3y Gl oW &6 LSTM"), fontsize-14)
plt.xlsbel{arabic_text(

plt.ylabel{arabic_text("

plt.legend()

plt.grid(True)

plt.tight_layout()

plt.show()

LSTM plaziwl, gégially (pasanll bl ailia

0.00035 4
0.00030
0.00025
«, 0.00020 -

3 0.00015

0.00010

0.00005 -

0.00000
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Nl xRl Sl )

2019-12-31 00:00:00 7.94071E-07 1.41225E-05

2020-01-02 00:00:00 2.96823E-05 1.43512E-05

2020-01-03 00:00:00 3.92761E-07 1.49764E-05

2020-01-06 00:00:00 1.5681E-06 1.53555E-05

2020-01-07 00:00:00 1.92695E-05 1.54948E-05

2020-01-08 00:00:00 3.56159E-06 1.56312E-05

2020-01-09 00:00:00 9.80032E-07 1.5746E-05

2020-01-10 00:00:00 1.36856E-06 1.56716E-05

2020-01-13 00:00:00 2.91497E-06 1.54914E-05
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1.8

16
Series: P
Sample 1/03/2000 12/31/2024
Observations 6262

14

1.2
Mean 1.189596
Median 1.181100
Maximum 1.601000
Minimum 0.827000
Std. Dev. 0.156881
Skewness 0.001287 0.6
Kurtosis 2.635278

1.0

Quantiles of Normal

0.8

0.4

Jarque-Bera 3470950 08091011121314151617

Probabilit 0.000000
i Quantiles of P
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(Ljung-Box) alsi alldd 3l Lls¥ jlzst 1(03) Jaus

Correlogram of DLOG_P

Date: 06/18/25 Time: 00:02
Sample (adjusted): 1/04/2000 12/20/2024
Included observations: 6261 after adjustments
Autocorrelation Partial Correlation AC PAC Q-Stat Prob

I I 0.011 0.011 0.7570 0.384
-0.016 -0.016 2.4224 0.298
I 0.000 0.001 24227 0.488
I 0.023 0023 58722 0.209
-0.025 -0.026 9.9300 0.077
0.004 0005 10.022 0.124
0022 0021 13.086 0.070
0.000 -0.001 13.087 0.109
-0.012 -0.011 14.059 0120
-0.024 -0.025 17.644 0.0681
0006 0006 17.882 0.084
0.008 0008 18.280 0.107
0.015 0.015 19634 0.105
0.005 0005 19.774 0137
-0.010 -0.011 20,425 0.156
0.012 0.013 21372 0.185
0.003 0.003 21.433 0.208
-0.003 -0.002 21.472 0.256
0.018 0.018 23575 0.213
-0.002 -0.005 23.605 0.260
-0.010 -0.008 24221 0.282
0.017 0.019 26.054 0.249
-0.015 -0.017 27.549 0.233
0.008 0.010 27.948 0.282
0.003 0002 28.013 0.307
0.011 0009 28733 0.323
0.011 0.013 29558 0.334
-0.002 -0.002 29.573 0.384
0.012 0.013 30463 0.391
-0.008 -0.007 30.669 0432
-0.002 -0.002 30683 0.482
-0.014 -0.014 31.819 0471
-0.007 -0.008 32241 0.505
-0.012 -0.010 33113 0.511
0006 0.006 33357 0.548
-0.008 -0.008 33.777 0.575

EViews. 13 wib, plascal )l slas] oo - el

7358 o Wby oL S (alus ) e P=0 bl 4=0 p=0 oF iazy Slel LV IS
1k WSARIMA(0,0,0)
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Dependent Variable: DLOG_P

Method: Least Squares

Date: 06/17/256 Time: 23:47

Sample (adjusted): 1/04/2000 12/31/2024
Included observations: 6267 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

c 3.05E-06 7.36E-05 0.041433 0.9670

R-squared 0.000000 Mean dependent var 3.05E-06
Adjusted R-squared 0.000000 S.D. dependent var 0.005828
S.E. of regression 0.005828 Akaike info criterion -7.452044
Sum squared resid 0.212846 Schwarz criterion -7.450968
Log likelihood 2335198 Hannan-Quinn criter. -7 451672
Durbin-Watson stat 1.976946

EViews. 13 zab, pliscal 2l slae) oo 2yl
o B i) gl Al ol ek bwsdl) Wslas o e o ARIMA (0,0,0) 2546 b
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Correlogram of Residuals Squared

Date: 06/18/25 Time: 00:18
Sample (adjusted): 1/04/2000 12/20/2024
Included observations: 6261 after adjustments
Autocorrelation Partial Correlation AC PAC @Q-Stat Prob

0.061 0.081 23.643 0.000
0.146 0.142 156.59 0.000
0.080 0.086 197.09 0.000
0.131 0.106 304.23 0.000
0.083 0086 359.00 0.000
0.137 0.099 476.68 0.000
0.114 0076 557.87 0.000
0.083 0.030 601.47 0.000
0.143 0095 730.20 0.000
0.096 0044 788.16 0.000
0.133 0072 89883 0.000
0.103 0.046 96520 0.000
0.118 0.049 10523 0.000
0.103 0.042 11194 0.000
0125 0.054 12182 0.000
0.106 0.038 12893 0.000
0.117 0.044 13751 0.000
0.099 0024 14372 0.000
0.073 -0.005 1470.9 0.000
0.122 0.046 15643 0.000
0.085 0022 1621.2 0.000
0.143 0066 1749.7 0.000
0.089 0.015 17992 0.000
0.097 0.010 18586 0.000
0.088 0.014 18072 0.000
0096 0011 19656 0.000
0.143 0089 20936 0.000
0091 0013 21456 0.000
0179 0100 23477 0.000
0.073 -0.000 2381.3 0.000
0.084 -0.006 24371 0.000
0.071 -0.008 2469.0 0.000
0.139 0.049 2591.2 0.000
0.070 -0.007 2622.0 0.000
0.112 0.019 2700.5 0.000
0.081 -0.001 2742.0 0.000
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Heteroskedasticity Test: ARCH

F-statistic 2373728 Prob. F(1,6258)
Obs*R-squared 23.65514  Prob. Chi-Square(1)

Test Equation:

Dependent Variable: RESID"2

Method: Least Squares

Date: 06/18/25 Time: 00:20

Sample (adjusted): 1/05/2000 12/20/2024
Included observations: 6260 after adjustments

Variahble Coefficient  5Std. Error t-Statistic Prob.

C 3.19E-05 1.01E-06 31.86872 0.0000
RESID"2(-1) 0.061437 0.012610  4.872082 0.0000

R-squared 0.003779 Mean dependent var 3. 40E-05
Adjusted R-squared 0.003620 S.D. dependent var 7.22E-05
S.E. of regression 7 20E-05  Akaike info criterion -16.23834
Sum squared resid 3.25E-05 Schwarz criterion -16.23619
Log likelihood 50828.00 Hannan-Quinn criter. -16.23759
F-statistic 23.73728  Durbin-Watson stat 2.017003
Prob(F-statistic) 0.000001

EViews. 13 mib, plasccal 1)l slas] oo - taal

ol axd Je Ju b (F=23.73) I3 sl e ol srg ARCH-LM Y1 jlas) obf
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Dependent Variable: D{LOG(P))

Method: ML ARCH - Generalized error distribution (GED) (BFGS /
Marquardt steps)

Date: 06/18/25 Time: 00:39

Sample (adjusted): 1/04/2000 12/30/2024

Included observations: 6267 after adjustments

Convergence achieved after 68 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

LOG(GARCH) = C(2) + C(3)ABS(RESID(-1 y@SQRT(GARCH(-1))) +
C{4)YRESID(-1Y@SQRT(GARCH(-1)) + C(5Y'LOG(GARCH(-1}))

Variable Coefficient  Std. Error  z-Statistic Prob.

5.83E-06 5.88E-05  0.008987  0.8211

Variance Equation

-0.105603 0.015326 -6.890206 0.0000
0.0795M1 0.008150  9.755162 0.0000
-0.009833 0.004791  -2.052451 0.0401
0.995732 0.001199 830.6046 0.0000

GED PARAMETER 1.464341 0.033841 43.27071 0.0000

R-squared -0.000000 Mean dependent var 3.05E-06
Adjusted R-squared -0.000000 S.D. dependent var 0.005828
S E. of regression 0.005828 Akaike info criterion -7 636228
Sum squared resid 0.212846 Schwarz criterion -7.629772
Log likelihood 2393412 Hannan-Quinn criter. -7 633991
Durbin-Watson stat 1.976946

EViews. 13 mib, plasccal bl slas] oo - taald

oo ale oS3l Bl AL e ollad Jaf (s EGARCH (1,1) 7346 b
Ll Wslas g Asleal) U B LIL (2f UL Y degs pb by gl Wbl (3 oS
tk WSl iy (Bl Bpw 3 oLl 3l (Variance Equation)

Sl bl 3 coldl b e e (P = 0.0000) 13 s9e C (2) = - 0.105603
o e o & SVl sl (ailas oS 1L ity ool sl

ddall Aol gl U g 8y (P = 0.0000) 13 e C (3) = 0.079501
(3Bl ol Age Ol elg) AR 3 Sl Sladl) R Bl (3 WSmn g AL
(Leverage L) pae Llas 525 (P = 0.0401) g C (4) = -0.09883

A5 (Gl e 3 arlie Slolidl ) AL Sledall OF g5 2L 3y, Effech)

Vo 3 a0l OF & (Persistence) oW L) 1 Ji 10 ggme C(5)= 0.995732
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EGARCH (1,1) 353 Ljung-Box stas30 gl bisy¥i jle (01

EGARCH 34 Jlp <S5 b emi) Ljung-Box olbsSU 31l bls¥ el pasecd
ALl e N LUV A (8 3 sadl BeliS e SRl caliza(1,1)

EGARCH (1,1) z358 Ljung-Box «bs 80 31l SV Las 1 :(08) Jaab

Correlogram of Standardized Residuals Squared

Date: 06/18/25 Time: 00:40
Sample (adjusted): 1/04/2000 12/30/2024
Included observations: 6267 after adjustments
Autocorrelation Partial Correlation AC PAC Q-Stat

-0.013 -0.013 1.0439
-0.009 -0.009 1.5518
-0.002 -0.002 1.5706
0.004 0.004 16692
0.016 0.016 31815
0.015 0.015 4.5579
-0.000 0.001 45580
0.009 0.009 50414
-0.002 -0.002 5.0796
10 0.019 0.019 7.3696
11 0.014 0.014 85797
12 0.008 0.010 9.1005
13 -0.004 -0.003 9.1803
14 0.003 0.003 9.2564
15 0.016 0.015 10822
16 -0.000 -0.010 11.348
17 -0.001 -0.002 11.362
18 0.010 0.009 12.016
19 -0.017 -0.017 13.743
20 0.008 0.007 14122
21 0.011 0.010 14.880
22 0.015 0.015 16.363
23 0.005 0.005 16.537
24 -0.011 -0.011 17.337
25 -0.014 -0.014 18.523
26 -0.011 -0.012 18.232
27 -0.001 -0.003 19.246
26 0023 0022 22585
29 0.030 0.031 28.230
30 -0.004 -0.002 28.325
31 -0.030 -0.029 33.961
32 -0.023 -0.025 37.341
33 0.013 0.010 38.415
34 -0.012 -0.013 39.267
35 -0.000 -0.001 39.268
36 -0.013 -0.012 40.319

oI o TR I 3 0l o R NP B L I

*Probabilities may not be valid for this equation specification.
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EGARCH (1,1) 735 ARCH-LM 1 jLss1 :(09) Jsib

Heteroskedasticity Test: ARCH

F-statistic 1.043298 Prob. F(1,6264)
Obs*R-squared 1.043457  Prob. Chi-Square(1)

Test Equation:

Dependent Variable: WGT_RESID"2

Method: Least Squares

Date: 06/18/25 Time: 00:41

Sample (adjusted): 1/05/2000 12/30/2024
Included observations: 6266 after adjustments

Variable Coefficient  Std. Error t-Statistic Prob.

C 1.013245 0.025848 39.19816 0.0000
WGT_RESID"2(-1)  -0.012803 0.012633 -1.021420  0.3071

R-squared 0.000167 Mean dependent var 1.000332
Adjusted R-squared 0.000007 5.0. dependent var 1.784792
S E. of regression 1.784785 Akaike info criterion 3996793
Sum squared resid 19953.72 Schwarz criterion 3.998945
Log likelihood -12519.95 Hannan-Quinn criter. 3997538
F-statistic 1.043298 Durbin-Watson stat 2.000015
Prob(F-statistic) 0.307095
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Adand) ol

Root Mean . JS0 aaisdl o3 asp o530 aglas) il s Sall o s U
Mean Abs. Percent i .tes wx buss 55 sSquared Error (RMSE) = 0.221
Adadll ) e el ae ) i oS LY o L ETTOr = 14.23%

o d s 2 (0.098) (Theil Inequality Coefficient) asdi sl pis futes i
SMAPE 25k audll (0.43) ol g Ll ouSh L Viay gl 2350l 35 e oy lay jiual
e (%15.6 Jip>)

EGARCH (1,1) z35¢ plasals byl pldly Byl aed Sl 5l 1(25) S

Forecast: PF
Actual: P
Forecast sample: 1/03/2000 12/31/2024
Adjusted sample: 1/04/2000 12/31/2024
Included observations: 6268
Root Mean Squared Error 0.221003
Mean Absolute Error 0.180004
Mean Abs. Percent Error 14.22602
Theil Inequality Coef.  0.098921
0.0 Bias Proportion 0.493056

00 02 04 06 08 10 12 14 16 18 20 22 24 Variance Proportion 0.435990
Covariance Proportion 0.070956
PF Actuals +2S.E Theil U2 Coefficient 28.58018
Symmetric MAPE 15.60471

.00008

.00007 \

.00006

.00005

.00004

.00003

.00002
00 02 04 06 08 10 12 14 16 18 20 22 24

—— Forecast of Variance
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(Static Forecast) ;Stdi judl plusuat z3gedl slsf ool o0

@ Y Shage s adedll (il sl Byl ne (zgadl B3 0y 3hmil) Bygn A M ods Al
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1.8
Forecast: PF

Actual: P
Forecast sample: 1/03/2000 12/31/2024
Adjusted sample: 1/04/2000 12/31/2024

{ "ﬁ'; \N J‘lm'w W Included observations: 6268
\d 'f \‘ /\“\ A Root Mean Squared Error 0.007028
LY
J\K nwm .\‘,‘f 1‘ W Mean Absolute Error 0.005095
/ "V b

1.0 Mean Abs. Percent Error 0.428579
) \'\J\V“f Theil Inequality Coef.  0.002929
0.8 Bias Proportion 0.000000

00 02 04 06 08 10 12 14 16 18 20 22 24 Variance Propartion 0.000001

Covariance Proportion 1.010340

‘ —— PF Actuals +2SE. Theil U2 Coefficient 0.999997
Symmetric MAPE 0.428568

1.6

1.4

.00020

.00016

.00012

.00008

.00004 MWM/ m
)

.00000
00 02 04 06 08 10 12 14 16 18 20 22 24

‘ —— Forecast of Variance |
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sy a5l )28l :(10) Jgus

ot Loadll Sl

G e 525 Lt 0.0070

et 0.0051 MAE

o s 185 — %1 a1 0.4286 MAPE (%)

383 35— aall e o 0.0029 Theil U Coefficient

SLE) Sa 0.0000 Bias Proportion

o) BN a Lo ey ~1.01 Covariance Proportion

T 35 3l OY s jae oS0 (NATVez3ged 3ilae =~ 1.0 Theil U2
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