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! -0.093 [nle 2] 14. 553 0.204
i -0.07Fs 034 14 953 0.2493
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N
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' 14 -0 061 53 15.593 0.339
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Estimation _sa&il) da ya ; Gil
Db dad 8 ey ) zigaill A) o5 dda el pileill o a5 Als el o2 B
Ugidl e zilaill sasin) 335 « Schwarz (SIC) JJ)sé Jb=e 5 Akaike (AIC) S8
G )ad) dal ged e 5 (MA(L) 5 AR(L) (A5 Libas) 0al siie (aand g Ll () aad ¢ Liliaa|
el XS5 (SIC) 5 (AIC) slirs dad o aaind iiadl Zagaill jlialy zalaill (g
((R?) xaail
gl (s ALl (SIC) 5 (AIC) s i 2 (1)d 5%
z3salll R?Z | SC AIC
AR(1) 0.21 -1.49 -1.57

MA(L) 0.22 -1.39 -1.47

S obmas Al dad ST 8 paatll Jalae Jaag (3 z3 el () and Jsaal) milis IR (gad 4o
Jad) gl A8 e Tt SV SV gaill b il ad ded S B 5 (AIC)
AR(1) 52 dnall jacdy ) seen (A anhll
e} B g AIEL) LR o
ool A ey Al A Jal Y0 Al A po &5 B el A lad) Jal e
c U Jsaall e Jgeanll 35 i) 8 g ALl

Cormrelogram of Residuals

Date: OS/MT7T/ 23 Time: 11:58
Sample: 1972 2021
INncihuded observations: 48
D-statistic proba bilities adjusted for 1 ARME. Bermm
Auntocorrelation FPartial Correlation o = Pac Q-Stat Prot
1 o051 o.os1 ol 1341
=2 O 126 O 129 O 9622 (o < b=t g
<1 O et 0059 1. 0675 0588
-4 O _OE-1 0043 1. 20934 O.731
5 0032 -0.0Z26 1. 3502 O.853
6 0223 0.244 4 1954 0O.S22
¥ o.o1 -0.036 4. 2020 0649
£=] O.O013 o052 4. 2129 O.755
= O.O004 0019 4. Z2139 0.837
10 O 42 007E 4. 3248 o889
11 o021 o.os2 4.3531 O.o930
12 O O0sS 0095 4 3546 O as5s
13 0035 -0.005 4. 4408 0974
14 O O&9 -0 087 a4 FTras (e E=T-Ts]
15 0056 O0.060 S 0045 0956
16 -0.032 -0.021 S.o0793 099
17 [=Ns - tel 0053 S5.2063 0.995
18 O.1168 —0.113 &.29008 (e =1=T!
19 o021 0057 S.32066 0995
20 0062 OoOF0 & 6613 0.998

o) (1 g3 Alaalaad (i3 (I B Y1 g I By A ¢ (3) U
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i Al Alulid 1A Lol 5y COlalae gaen of (3) JS) 8 bl DA (e poaly
Jsita JUiaall zasaill of o U (Say diay Jheall Lgina 55k Led) (gl 48D Jlaa Jala
& bl Hll (g sl LYY A s dliuall ally 5all agle Slaie Y Sy UL Liliaa)
L s
Forecasting sl s ja ; GG
ddlae G (5 — (S 5 ) dungie Gudaly adle Jhaniall 23 gaill Jlgil) J sal) (pa 2SHD aay
P AUl dapall 22l g sl MY 4 il b Lgde aaiein ) gl

D(LCONSOM) 4, = 0.102042085914 + [AR(1) = 0.430222579807] +¢,,, (11)

S S g pbead aladialy gl A8y (uld ) pdiga o

il A8y Ll il pdisa ;s (2) Jsta

dagdl) il A8 Gl Dl e
0.743791 Mean Square Error ( MSE)Waall a3 3o Jaws 5ie
0.862433 Root Mean Square Error (RMSE) Wad) 4 ye Jaus sial a5l )3al)
0.764758 Mean Absolute Error (MAE) Gasll Uadll las s
41.065 Mean Absolute Parcent Error (MAPE) (il (3llaall Uadll Jass 5ia

4ol dpuand) ClSadl) ciglud 2-4
A delibial) dnaall GlSAEN Zil aladiuly bl el g gl BEWYL gll

oLy (o8 ae Ly 43l 3 Jlaall 13n (8 allad 0l il 505 (MATLAB) el e Sl
Sl il 5l Lo U] dpsemall CUSaE Gl Jal (pa ¢ Lgla JLal s Ananl) 48050
Dt dalall Gede senar s el e 2 2l
L) dadlae dda ja 2 Yl

asilly 5l o5 LS dpmal) 403N AR anal) ) LY dpie U Akl paat
Dl 5 QAT e ey JSAN 138 Gl Alulid) s3] A8l 2l e alaic YU 13 5 Ld Al
. Nonlinear Autoregressive (NAR) hall e (Sl
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p i) Julad Al ja G
Sle e Yl S sde (S5 Leiijaty du il Jae bl asend i Ala ) o2 b
s Al 43205 o) DAL apdi 21 Es (MATLAB) el s
oAl il lial) (e %70 (anadd & i ; quudil) 4 gara o
Sl @l g claaliiall (e %15 anads a3 4l ol g LSUN 4 gana o

L OUEAY) Jal (e %15 wasd 23 Ll JLEAYI AS gana @

s W LAT g Al i Al ey GG
ey ¢ Akl Jebee aaad S, oyl dlee s ynd Aladl ol b
DY) Ala e Ll ¢ aSTI 5 i) e 8 L) 52 383 (5 ghua s AS0EN A el ilial) ) jAdul
alind Gy lgle Jaaidl Al ¢ g8y da 0y Al dfluae g Jlid) Lgd Jié

Dl Jsal 845 MATLAB

) Newral Time Series (ntstool) _— (=) >
v\ Train Network
— Train the network to fit the inputs and targets.
Train Network Results
Choose a training algorithm: 4% Target Valucs =l MSE = R
Levenberg-Marquardt - W Training: 70 7.34973e-23 1.00000e-0
@ validation: 15 5.45018e-1 2.99999e-1
This algorithm typically requires more memaory but less time. Trainin a -
automatically stops when generalization stops improving, as indicated by W Testing: 7= 3.95746e-0 9.99998e-1
rrrrrrrr of the validation samples.
T (o) Loy e ors)s (i, Plot Error Histogram Plot Response
a1 Retrain Plot Error Autocorrelation
MNotes
v, Training multiple times will generate different results Mean Squared Error is the average squared difference
" due to different initial conditions and sampling. [El between outputs and targets. Lower values are better.
Zero means no error.
Regression R Values measure the correlation between
@ outputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.
- Open a plot. retrain. or click [Next] to continue.
“% Neural Network Start M4 welcome 4= Back = Next & cancel

s UbaY) Lpanl) Al qupxi Ales @il 1 (4) JS

Calae dad oy i) LSS Calaa) g s jaall (pn 2ad) 5 8 Jalis )W) Jalas Gty Cua
O sekai oSlel JSal & 4 saall il g ¢ 48 ABMe dga gy (uSad pmnall aal gl e Jalii Y)
Do LS i) CilS G Calaa ) 5 il Al (4 58 A8Ne lln
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R=1 : il jlza o
R=0.99 : &8alll laa o
R=10.99 : JLiaY) s o

3 kaliie 4y ) Sl cila aal) o aa slial (SN 8 eUad B (5 ) S 7 jaall ddaadley 4l LS
3 G ALl Basa ey 135 heall dually 5kl eUadY) of ol g tall ) aall il

Error Histogram with 20 Bins

Instances

T z ¢ § § £ § § & 8§ ¥& & ¥ § ®§ E & § & 3
Errors = Targ O

ﬁ&iﬁg)bﬂ‘@)&d\ (S)JS.J.:

Mean Wil & 5 hassie s Best Validation Performance Gasill ¢lal Juadl 45 e wic
die iy Gag )N (et o Uaddia lay @iadl) de seaal Jiaall Badll of 223 Square Error
iy 138 ¢ ol ) e IS5 (midiy g Cpuenl 138 e glay Undl) ok 5 ga Laiy celal Juadl
Gl ehal Gunt ae el il Uadll ality g S8l 558 A G )i sty 30l O )

el i iy (6) Sl
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Lo lbay) Lnanl) 4,40 o) 4dda o Ju2 ; (6) JS&

Gl aey e Uad¥) G I Ll Y A ) a3 Lgale Juaniall gl ) jed 5 2l
p Ml JSaN A LS oy paill Bale) sy fUad DU 31N Tl )Y Al

Response of Output Element 1 for Time-Series 1

T T T T T T

Training Targets
+  Training Outputs

-+ Validation Targets
+  Validation Outputs
©  TestTargets

+  TestOutputs
Errors =
Response

T T T T T T
- Targets - Outputs

Time

G i) ay £ U 1A ol ) A 2(7) J8&
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Autocorrelation of Error 1

Correlation

-0.01 —

Al Bale ) ay sUadSU I Jals ) A (8) Jed

Lol ) an g Y il (of AR & sas Jal I Ll Y1 Al ad jaes of (8) IS DA (e Laadls
Y5 Al gt lgle Joaniall A8 (8 SO Aajl il JS OMA (ped Ml g ¢ elad¥) o 13
Op AR uSay 53 (R Ll Y Jabae ) dalii yY) Aad (i ie Ll 5 ¢ il 3le ) allas
Gl o B o ey lae sl aalgll Ge G A Claaally Gl

Jan 4y 8 il jadl
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Training: R=1

dlee IR 13 Bl (i i dguanll G0N O U] oSy Gl Jalail) e Uy
CSay ¢ ela¥) Glas (50 aa O Gaadll o 0 g3 gaill o e Lee ¢ RN 5 Gyl
DA A je &5 A aall el e bl sapan iling il 8 aladin Dl sasieee 4S8N (L J 58

O Dat:
— Fit
Y=T
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Test: R=1
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Y=T
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o Y=T
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o
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=
=
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R LY Jalaa : (9) JS

(il s ey il dla
il B e libua) dpuanl) SIS Gglad g S (S 3 o pleal ) i3 (p Alialial) 3-4
bl ) e gty
Adlisall dal el H5oalhy 3iSua — (S 5 dagie Aol 5 iill zilad I dea sill 22y

dppan]) G ol g gl e Jgeasdl &5 Wyl s (il s cGandll 5 ¢ il iyl
coandlly QURYI s il el dalladdl ) o (5 giad Gl shd Bae axy delilall
e bugid gl s (MSE) Wadll moe hugie Jlbaar Llaia¥ly o gl
A5 (MAPE ) (gt 3llaall Unl) Laws s 5 (MAE) Gllaall Uadll Jass 5i 5 (RMSE) Uadl
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dngie 5 Lpuanll QS (e Lle deaniall @l pagall ) (3) dsaa sy ol sl &5 i
~oS s slad e sl 880l 5 A8y KT dpelilaial) dpandl S ) maly g S (1S
Al e (e 5 adi je Janal dpnaall SN Glia g Cus S0

Lo libal) dpaal) CAGA g Sl — (S 59 dngla pladiualy 3ail) Baga (ol @l pdiga 1 (3 ) oo

S — S g dingia Lelibiay) dLpaall G 5550 5 53 i Sy
ARIMA (1.1.0) (ANN) ' i
0.743791 0.00552 (MSE) Uadll 0 Jaus i
0.862433 0.07431 (RMSE)Uadll g 30 Jaws sial 2y il sl
0.764758 0.06385 (MAE) Glad) Uaall Lo sia
41.065 26.14 (MAPE ) el (3lhaall Unall Ja sia
ISl @l 5 Ol g 138 5 Acaidie dppanl) AN Lally julaall G ke § Jsandl (e Jaadls

Cdadll & elilaay) duasll

Lelihay) Lpanl) QAN G glad aladiuly paa B audall Slad) LY 4y addl) 4-4

(2030 — 2022) 3584 Ja

Lelhay) Lanl) GlAEN aladiuly paa A Gauhll i) gy 4l 4l 1(4) Joas

5l (e el (g 5l iy
2022 64.97
2023 66.73
2024 68.34
2025 69.91
2026 71.47
2027 73.01
2028 74.54
2029 76.05
2030 77.54

Clad 53 Lo Lilaal) dan) IS0 G slal aladiuls le J geaal) a5 il 4y gl 2l jelad

a3 grahall Jll @Dlgiul aaa o Ladl dldall @l gl gae okl Gl @l
OBl e eSa yie ke 64.97 s Dlgial @igh 2022 ple B cple 2 Lle G
S Cadl 5 € 2023 ale L cSa jie Ul 66.73 (s () i) alajy of adsiy 5 ¢ oapadall
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B aie 330 ) i gl oda s IS4y 2024 ple A S yie JLk 68.34 s
llall 3ol ) Jia eJal s B2 ) gaill 138 a9 daalal) Gl il s Ao cankll Slall @it
3 dalatind augiy Al deliall 8 xndall Sl aladiul 8 sl sl e
Clelhadll 8 Lagay Llaiie Jhay oadall Sl alaaial o Jsill oSay ple S8 S yall

Al i) 850 3l 8 el ) e Cllall i 38y daliall

Clua 5il) g @ilidl) - 5
il 1-5
aal A8l e s ¢ QBN Jlae 8 doa) i) 41 @il Joall (g (e e 228
Plas aal e 2l € anhall Sl hy ¢ elaiaY) Sy Ghaty eyl 4l aely
lo Ganll 13 ity 5 edy @l DU clalial Lali 3 Qo )53 aly Cum ¢ pean & A8
Cloasill s el aa gl Jeld Jalat DA e A8 Jlady sl HaaeS oadall ) g
s b g Al Uil Aalain) a0 ded Clua s ad ) Al all o3 Caagd s cAgliill
Op Gl i) Tsa peas Jliielys edy sl B30 cilabial 4l (4 andal) S a5ty
G 3 8 A8 el 4l 65 ) (il 5 cobanil) agh dpaal ey clli ¢ Ll 5 Ly 8 3 )08
Jsla ai ) oaiy caninall s il eyl e d8Ual il sk ol pils caliasiy) o
geki 5 (o= ey Gpee dilad A (e ALl Jlae (A dpalladl ) shaill 45 5 5 daltins
030 30025 Qo )58l 5 ¢ eme (8 el Sl Ul 8 Canacall 368l L& 3ol ) Coal
Lagie Gadais Al Al o3 DA ey eJiisall & AUl aldiie s 5 sn uaeS el )
DUEYL 5l ANN e lilaial) dnasll GlSLA ~3i g (BOX - Jenking) iSia — (1S o
P Y a5 088 e A epdall Slall g gl
S ¢ ean (b anhall Jall g sindl ELVL 55l ARIMA (1.1.0) g5 il s @
( MSE) Waall a3 Lavsia (30 JS dad ol ad adY el ¢ gl Juadl dary 4l
Lusia 5 (MAE) Gladll Wadll lasi sia s (RMSE) Wadll ao e dasssial a5l j3allg
. (MAPE) (sl (3llaall Unill
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daY 15% cuumll Cllball e 70% axiiul & Cua daclilal) dnaal) Gl aladivl o
, Jiiue HLIAIS 1594 ASE (e (Sl

cSea Uad il ) Jgeasll o s Al 4030y pxi 5 @

C sl cBlaall (s Tas (5 B i) 98 50.99 (e ST Y Jalas da il o

) il Jumdl ) S gum sl 8 i S0 (g e Ay jai i e
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p Al Sla il

Al dyie 3 Judadly aiill G llaaY) dpuael) AN 035 gl

48y S il e J geanll bl e 4808 43, )55 58 ) el ng Al 3 yidy 5iill @
Agdy e ilis Jany il e Q8 2 of Cus

4 siall Gl sleall d8lza) DA (e Lyt 20 gail) Cant Coslad hphadslll clgall daic) o
Dl laY) ettt

Lipanll CISLEN A3l o g O Al 5 ke Led ey Al oy ash 00 IS e cny @
Lol Aol dpnaed) AN G Can Lgie (5 saaill BalELY) paa) @l g dpelilaal)
LAY Ailan ) ) 8 LS o gy allaty YV Lgaladiiasd 5 481 5 Al
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A Comparative Study Of Time Series Forecasting Of Natural Gas
Consumption Using Some Statistical Analysis Methods" Applied study "

Abstract

Natural gas in Egypt has witnessed a remarkable development represented in the
increasing in the consumed quantity as a result of the development of economic
activity, the increase in population growth, and the increase in demand for natural gas
in electricity production. Therefore, this study aims to apply two methods to predict
future values of natural gas consumption in Egypt, namely the Box-Jenkins
methodology, which is considered one of the most important standard methods that
have proven effective in the field of prediction, as well as artificial neural networks,
which aim in general to simulate the human mind in order to perform several tasks,
including predicting future values of time series. In order to achieve the
aforementioned goal, we chose the study sample to be represented in the annual
consumption of natural gas in Egypt during the period from 1972 to 2021. The Eviews
program is used to apply the Box-Jenkins methodology and the MATLAP program in
the artificial neural networks method. By applying these two methods, we concluded
that the best model for the Box-Jenkins methodology is the ARIMA (1.1.0) model, as
it is the best among the other models because it has the lowest value for the two
criteria (Akaike) And (Schwarz) and when comparing the two aforementioned
methods in the accuracy of prediction, it is found that the artificial neural network
method is more accurate in prediction than the Box-Jenkins method because it gives a
lower value for each of the mean square error (MSE), the root mean square error
(RMSE), the mean absolute error (MAE), and the mean relative absolute error
(MAPE), and it also gives predictions that are very close to the Real values.

Keywords: Time series, Box-Jenkins methodology, Artificial neural networks.
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