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Forecasting Immigration Using Fuzzy Time-Series
Abstract:

Nowadays, due to its importance in all fields, time-series forecast is being widely researched. With
the rapid increase of interest in it, new approaches have been used in time-series analysis. The most
important ones are using the fuzzy logic and fuzzy sets in time-series. They are considered the most
significant modern forecast approaches, and of the main alternatives to the classical statistical methods for
their ability to find solutions in different fields. Moreover, they don't require any conditions like those
required for the classical models that are hard to apply in most of the time.

Thus, this research aims to forecasting using three time-series models (ARIMA model, Artificial
‘Neural Network ANN, and Fuzzy Time-Series FTS) through studying the data of immigration for the time
period (1962-2014), and reaching the best forecast model using application and comparison. The theoretical
part of the research has covered the main definitions in the time-series analysis, as well as the steps of
building up the model based on Box-Jenkins method. Besides, it has covered some of the main definitions in
the fuzzy logic and membership functions and it has discussed the Fuzzy Time-Series as a new technique to
forecast the number of immigrants.

Furthermore, the research has included a comparison between different models used in accuracy
measures (mean square error, mean absolute error, and mean absolute percentage error). Results have
shown that none of the last two mentioned models provided good results, but after using forecast accuracy
measures (R’ , Thiel) it has been found that the Fuzzy Time-Series is better, more accurate, and more
efficient than ANNin forecast. Therefore, it has been used with future values of the number of immigrants’
series from 2015 till 2026.

Within the context of the above-mentioned arguments, the research has recommended to use the
Fuzzy Time-Series technique in other fields, given that it is a new efficient method.
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va(x)= _f(x) forx € [a, b]
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4uiaj Audis Z, @ils 1)} Fuzzy Invariant Time Series ¢l ga 85 Y AN daguall Aiiajl Judludl —
t o9 ¥ R(tE-1) = R(t-1,t-2) of cun Zg 3 A1 4G 0n 3503 R(EE1) s ¢ daga
Gl ga B Y dagra Aia) Alude Al 238 B Zp awd
Fuzzy Variant Time Series ¢l ga i il Lagaall Luia)l Judleadl ¥
R(t-1.t- oo GBI R(EE-1) of g 139 ol o aaied R, t=1) oly dagra Lia) Ludes Z, cils 1)
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396 | 2006 | 1848 | 1995 | 192 [ 1984 | 1274 | 1973 | 869 | 1962
387 | 2007 | 1253 | 1996 | 278 | 1985 | 758 1974 | 1787 | 1963
420 | 2008 | 1000 | 1997 | 212 | 1986 | 591 1975 11645 | 1964
882 | 1998 | 360 | 1987 | 553 1976 | 1479 | 1965
733 | 1999 | 302 | 1988 | 542 1977 12364 | 1966
90 | 2000 | 382 | 1989 | 612 1978 | 2589 | 1967
764 | 2001 | 548 | 1990 | 368 1979 | 3636 | 1968
681 | 2002 { 1158 | 1991 | 780 1980 | 5645 | 1969
310 | 2003 | 1209 | 1992 | 329 1981 | 3726 | 1970
378 | 2004 | 831 | 1993 | 165 1982 2865 | 1971
456 | 2005 | 1072 | 1994 | 315 1983 | 1708 | 1972
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o1 el B8 dana saal Lala f5) 6580

dlal) Aot ADF s quilii :(Y) Jaax

Null Hypothesis: X has a unit root
Exogenous: None

Lag Length: 0 (Automatic - based on SIC, maxlag=10)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -1.4047932 0.1472
Test critical values: 1% level -2.610192

5% level -1.947248

10% level -1.612797

(1%, Aibsall Lyginall cilygios aic Adganlit > (Gha ggbud ¥) 0.1472 = Luganall t Lad of 223 45Rally
5%, 10%)
Bangll Hia agag Jdi
ey Al Lol of o Lina Viag
Ll ot dleaded i5ally 330 BUSHY £(¥)Jsax

Sample; 1962 2014
Included observations: 53

Autocorrelation Partial Correlation AC PAC (O-Stat Prob

0.860 0.860 41.462 0.000
0.696 -0.166 €9.186 0.000
0.535 -0.082 85.862 0.000
0.362 -0.153 93.641 0.000
: 0.074 97.034 0.000

0.134 -0.043 98.148 0.000

0.031 -0.105 98.211 0.000

-0.034 0.029 98285 0.000

-0.072 0.018 98.633 0.000
10 -0.104 -0.037 99.362 0.000
11 -0.123 -0.042 100.41 0.000
12 -0.161 -0.124 102.24 0.000
13 -0.189 0.013 104.65 0.000
14 -0.187 0.051 107.47 0.000
15 -0.193 -0.071 11032 0.000
16 -0.196 -0.050 113.33 0.000
17 -0.185 0.010 116.11 0.000
18 -0.171 0.021 118.55 0.000
19 -0.142 0.019 120.27 0.000
20 -0.095 0021 121.07 0.000
21 -0.041 0.060 121.22 0.000
22 0.022 0.060 121.27 0.000
23 0.063 -0.053 121.65 0.000
24 0091 -0.006 122.49 0.000
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Fuzzy Time Series) 4 P daia il Judbad! aladiul 4 13 5,50 gatill oy

Js¥1 Gl 330 sy ADF sl il 1(£) Jgan

Null Hypothesis: D(X) has a unit root
Exogenous: None

l.ag Length: 0 (Automatic - based an SIC, maxlag=10)

t-Statistic Prob.*

Augmented Dickey-[uller test statistic -6.627562 0.0000
Test critical values: 1% level -2.611094
5% level -1.947381
10% level -1.612725

ANl 4 gieall Giligiua die t= 0 Lgira t sl
() i (B by Las sl Aluuall (3Ll JSAN frualy
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oA silslall Bl sana dasd Lala f5) 680

:ARIMA 7 3lai Lile e Gualiall zagaill o cipnil) st Ala sl
Aty AV 55,8 dudad PACF 30l (3130 BLG N1 Ay Gashy ACF (Il bLGNT il pasd g Us o
sl &) yasil
o3 4439 STATGRAPHICS 17-1 galiyy clli ITSM gmaliy pladicd « ARIMA @ ilad g a3 dal 04 s
4itis e ARIMA 7 3laiy Lt qullud on b daill e g9 VYV s
by EAgalll Ay 1aa3 julea JIA e
MPE il Litgal it tha jlaa -
(AIC)AKAIKE cilagla jlza —¥
(SBIC ju dasha jsq)Schwarts Bayesion jlas —¥
(HQC) Quinn &Hannan jlaa —¢
SBIC 4 AIC §l MPE jial 3iay 31 ¢ 3saill Jucaaili (sl ¢ jlurall Lad sl gl o JLESY1 o8
HQcC J
ehal a3 g asaill 134 badl opa sslilly g ilail J28 s ARIMA (2, 0, 0) ¢isa of il ataall 03¢ Gagy
A il Cilsy Edsatl o3 o Bagall yulia Gab o ) e diSaall cdbigad)

Models
(A) ARIMA (2,0,0) with constant
(B) ARIMA (2,0,0) with constant Math adjustment: Natural log
(C) ARIMA (2,0,0) with constant Math adjustment: Log base 10
(D) ARIMA (2,0,0) with constant Math adjustment: Square root
(E) ARIMA (2,0,0) with constant Math adjustment: Reciprocal

ARIMA (2, 0, 0)z3tail 3321 sulaa il ;(0)d 2>
Model |RMSE |MAE MAPE |ME MPE
(A) 532.023 {307.696 [35.8077 |1.98876 |-19.2111
(B) 554.663 |307.428 |31.7964 |75.6896 |-8.33798
(&) 554.663 |307.428 |31.7964 |75.6896 |-8.33798
(D) 532.973 [306.667 |33.4896 |33.9177 {-11.7071
(E) 779.299 |379.091 |31.3828 [258.539 |1.49348

(Root Mean Squared Error) sl aija bugial il jiall :RMSE &
(Mean Absolute Error) Uil shall hugsidl :MAE
(Mean Absolute percentage Error) Uasll glhalt il bugiall :MAPE
(Mean Error) Uadll Jaugia :ME
(") (Mean Percentage Error) aall il hugiall :MPE

(A) gisaill 58 ARIMA (2, 0, 0) 4 ¢ agai Jabl of gy Jsaall 134 a
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( Fuzzy Time Series) dagrall 4iajll Judlod) alaiiuls 4o B30 5yagll anay puiill 04

(A) igaill &y gina JLAA guilli 5(1) Jy2a

Parameter |Estimate |Stnd. Evror |t P-value

AR(]) 1.01 0.137 7.38 (0.000000
AR(2) -0.169  |0.136 -1.2410.221071
Mean 993. 427, 2.32 10.024172
Constant  |160.

P-value= 0.000 < :¢f cua AR (1) saaly 53l 558 aic Usina 058 (A) glsaill of Jsaad) 18 e ety
P-value = 0.221071 > 0.0001 :of Cua AR (2) ;b5 sic syina & @58 0.001
il cils a8y Yo ¥ -Yave sl 58 JMA cujalealt slacly Bl A pisalll 13 aladiad AL Cdgw QY
:L,:Fils

(A) Egail pladinaly pilh geildi 1 (V) dgsa

Lower 95.0% |Upper 95.0%

Period |Forecast|Limit Limit

2015 |596. -472. 1.67E3
2016 |676. -841. 2.19E3
2017 |741. -1.03E3 2.51E3
2018 |792. -1.12E3 2.JE3

2019 |833. -1.16E3 2.83E3
2020 |866. -1.18E3 2.92E3
2021 |892. -1.19E3 2.97E3
2022 |913. -1.19E3 3.02E3
2023 . 1929. -1.19E3 3.05E3
2024 1942, -1.18E3 3.07E3
2025 (952, -1.18E3 3.08E3
2026 [961. -1.17E3 3.09E3

<l gl
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A& 5aLg ARIMA (2, 0, 0) gisad aladdudy Ly Latall alh of oty (¥) S (V) dodae il pandy
Addly ase gl 5 (B isadll S8 Ja Lae AR gas o BT Y %d0

Y11 :UHJHJJ.‘E-"\- PBJM\LM‘@M\"M\




. o s sl b i
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Aty Oy A1 dpadll il o)l i o Aoiall £ 3lalll (e g lgal JS o gilanall Gl Gk pshi
il Ul Jiadt gl 4 43 andll
roalgall slacly 5t ANN Lo Gt Lupandl calSpdll alasicd Lt

ciaghl QU8 U orag daiapll Judlaadl Jidad Lgiag Libanyl el ga sl (3 Gupldl) 10 3k 22
Al Leliba! Lyt Gldl Lo iy gl p2i3 on Gaalgall sl sl Luanl ClSEN Alasiul oa
LGN (G oy 4l G ¢ il Dbyl @bl ga il Ayg Mggan il o 30 gl o34 cad
ot iy panll lpadany aa iBdley Slpiiall dagh oo Ama cilaiag ) B o0 (ANN) Lo lhualt Luuand)
Sl A Ladih b Ga Gusal

Sl claaliall Leded il 0t Jpasl] NERO PREDICTOR galin aladiul o3 &t
Aal edEaall Band g malipdl aladiad 8 3ghs Jgl ols Lyl ate Lafla N Aaladh g9 cpalyall
G VAN Dl e ey UL plasSa) a3 MM L clgiu 0 pla 58 380 a5 cpjalgall slaci w29 ¥ Lwandl
XN L

Yod = 280V 3l (DA el gupaleall sacl a0 gl 1(A) Jeas
ANNZLeUhalll Lvanh) cilspdd! aladiuly

T T YT R sl FEN] A=l A
578 2003 712 1991 584 1979 2602 1967
523 2004 1071 1992 461 1980 3297 1968

507 2006 861 | 1993 799 1981 4735 | 1969
436 2006 964 1994 344 1982 4276 | 1970
327 2007 1493 1995 231 1983 2900 | 1971
522 2008 1508 1996 3566 1984 1879 | 1972
543 2009 1090 1997 199 1985 1076 | 1973
401 2010 900 1998 303 1986 876 1974
570 2011 789 1999 365 1987 637 1975
568 2012 676 | 2000 356 1988 552 1976
632 2013 529 2001 484 1989 348 1977
497 2014 744 2002 443 1990 422 1978

Gl gl
ANN Lo lihual) Lupanl cil€add aladtiul; 5phall Liajll Aodeadly Lbnil) Al Aludediz(£) JSi
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( Fuzzy Time Series) dagaall 4aiajll Judlall aladiuly Lolalh 500l aany il R

tonalgall Maely 55l Fuzzy Time Series dageall daia3lt Sudlud) e\.xi:m\:‘lfdﬁ
Yo V-0 Y g 380 A B cpalgall shael s guilis £(4) Jean
FTSdaguall duiajll Judluadl alasiud;

T FEWRT A FEWKT Al FEW] aaal| A

513 2003 975 1991 490 1979 2598 1967
457 2004 1172 1992 624 1980 3639 1968
491 2005 823 1993 348 1981 5650 1969
343 2006 1065 1994 195 1982 3723 1970
563 2007 1814 1995 254 1983 2867 1971
388 2008 1259 1996 212 1984 1703 1972
647 2009 968 1997 304 1985 1274 1973
438 2010 907 1998 229 1986 756 1974
597 2011 721 1999 263 1987 593 1975
447 2012 629 2000 345 1988 575 1976
501 2013 693 2001 506 1989 543 1977
551 2014 594 2002 326 1990 394 1978

Oaoalgeadl 22e

3p00all Apiajh Alealually Asbadll Agiajlt Llealuatii(0) S8
FTS dagaall Ll Judlud) alasiud,

s 5aiil 5k o ASylEal)

Lppandl clSual) 3 Aieally Goll 138 3 cuariial il 50 b e iRl culladl) &5jRa o3 Agih 3
gl Liajl Judladl Y ALyl FUZZY TIME SEREIES Leguall Lot Juduadly ANN Lelihay)
Uudad) 038 S ol YoV L (I VATV L ¢ 3500 3 L] o palgall sael Lladus aladiuly dlyy
Al a1 550l o sl € 1o
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1Y Gl B sena saal ala f3 550

8ydhiall asilly dalaill agdll 1(V 4) Jgaa

il sl | Syl &l ol | RTINS Y 3l Lt pall | S ga ]

FTS | ANN | QTS | Lbil FTS | ANN | OTS | &ttt FTS | ANN | OT1S | 4t

721 789 | 880 | 733 | 1999 254 231 271 | 315 19683 | 2698 | 2602 | 2292 | 2589 | 1967

629 676 | 750 | 590 | 2000 212 355 450 192 | 1984 | 3639 | 3297 | 2369 { 3636 | 1968

693 529 | 631 764 | 2001 304 199 301 278 [ 1985 | 5650 | 4735 | 3386 | 5645 | 1969

594 744 | 830 | 681 2002 229 303 408 212 | 1986 | 3723 4 4276 { 5233 | 3726 | 1970

513 578 | 717 | 310 | 2003 263 365 327 360 | 1987 | 2867 | 2900 | 2960 | 2865 | 1971

457 523 | 358 | 378 | 2004 345 356 487 302 | 1988 | 1703 | 1879 | 2417 | 1708 1972

491 507 | 489 | 456 | 2005 506 484 404 382 | 1989 | 1274 | 1076 | 1397 | 1274 | 1973

343 436 | 556 | 396 | 2006 326 443 494 548 | 1990 756 876 | 1155 758 1974

563 327 | 482 | 387 | 2007 975 712 648 | 1158 | 191 593 637 709 591 1875

388 522 | 483 | 420 | 2008 | 1172 | 1071 | 1234 | 1209 | 1992 575 552 628 553 | 1976

647 543 | 518 | 279 | 2009 823 861 | 1183 831 1993 543 348 618 542 1977

438 401 | 371 617 | 2010 | 1065 964 793 | 1072 | 1994 394 422 613 612 1978

597 570 | 735 | 526 | 2011 | 1814 | 1493 | 1100 | 1848 | 1995 | 490 584 685 368 | 1979

447 568 | 586 | 510 | 2012 | 1259 | 1508 | 1841 | 1253 | 1996 | 624 461 428 780 | 1980

501 632 | 585 | 430 | 2013 968 | 1090 | 1110 | 1000 | 1997 348 799 884 329 | 1981

551 497 | 507 | 505 | 2014 907, | 900 956 882 | 1998 195 & 344 360 165 | 1982
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( Fuzzy Time Series) daguall Lial Jodlaadl aladiials duy a0 e paa Saill 1y

Sedleally ANN Lo Uil duvandl cilSadll (aladl Liiajl Jodledl) Lasiiuall cadlud) cilis 431 Glus o3
(FUZZY TIME SERIES dagall L0l

Uasl gpe Bousia Jia (uliia « (MAPE) Uit Lo 1,3 QBiaiall Judtoad) g 3laid Sagadl ulaa pladiudy dlliy
Lagh J3l 43 20 ga Juad) o ity (THEIL  (ulda ((RMSE)

._'9:&:\]\ L‘EJM \'9.:\.'\1“ i3y u.n:gﬁ..a :(\ \) d\g.\%

o] oTs R RMSE MAE MAPE
1427.608 | 1360.046 | -1652.7 | 507.525 | 294.563 | 37.146
R O&E 0.8782 R2 77.13% THEIL 0.182
R R&E -0.0010 n 48 TS -5.61

0 ANN R RMSE MAE MAPE
1427.608 | 1372.733 0.0 235.056 | 166.056 | 27.453
R O&E 0.9762 R2 95.29% THEIL 0.084
R R&E 0.2128 n 48 TS 0.00

0 FTS R RMSE MAE MAPE

1427.608 | 1424.127 0.0 100.887 | 65.071 | 14.809
R O&E 0.9955 R2 99.09% THEIL 0.035
R R&E -0.0012 n 48 TS 0.00

lile Galall Joaad) o W quiaty

el (a Al Cafi Gy FTS ANN 50 oy bl Sa il (S MAPE (b =

ClSa) diyhly 294.563 Autad Lia) Judlaadl Ligh Lad of aag 5l 35k MAE Gule iy ally -
il (53 FTS ik of g Lea ¢ 65.071 FTSLaguall Liajh Jadlaadt 4y haly (ANN1G6.0564s0anlt
LAY B 55k o il

33y ,hlg 507.5250TS Laladl Liiajl Judbudl &igh dad of a2 3uiih 3kt RMSE Galfia 4jliey -
Lagh of g L FTS100.887 Logaall Llajll Judlaadl 4355kl (ANN235.056 Lnasdl cilSyal
AT Bl @b e Jadl il (30a3 FTS

a0 Liahly ¢ OTS0. 1824l Liajl Juslodl Ay jh Lad of a9 5l 30 THEIL (it Aijliey —
wili (38a3 FTS &b of gy e (FTS0.035  Laguall duiajll Judleall 453 alg (ANNOQ.084 Lynanli
LAY Bl Gk o Juadl

By bty 77.13% st Asias Judlodl ARyt Lpunily Alad of an 5kt 5ubt R maadll Jalea Ay -
FTS digsh of pag Laa (FTS99.09%Angrall Ll Judludt 4iy5hly « ANN9S.29% Lynasdt ciludll
AN 3 @k o Sl il (38

Lystall Zia) Juadbea) Ayt Lpeily Ugadh of aad 30 (350 (E) psially ¢(O) il oo R A Ay -
Laa ¢0.9955 FTS Leguall Luiajll Jodlud) 433kl 0.9762 ANN  Luandl cludl) 45,kls <0.8782
LAY Bl b e Juadl qilis (58a3 FTS 4k of uag
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{ayh JIcFuzzy Time Series dagaall Liajll Judludl Crglud (5o Galadl Jgaad) o5a gualy g LS
i e Jganll o5 3 L Allaldl dilasy) julall (33 OTS bl Luiajl Judleal 43s shg ANN Luvanll GG
i &M« (MAPE, MAE, THIEL, RMSE ) il plhal Gt Lasiioadl Auilasyt yubeall B ad i3
ot Laa a8 e Aladedl LbEaal plly Sil) 83y i3l Jeaiilh iyt by Lagaal) Aia)l Judludl
ABa N Aiagh Jedbodl il Ciglu) padiad e
Zigghy ARIMA Gy dumandl clSodl Lyl Ay L5k ey Lagaal Ll Jodlad! 2y o0 (JUs
il A Gkl g8 i cGlalially ciliball (8 ale) dia 3529 M A Lals Aatad) el Judleat
La ) e g dpad ) Jeagill Lpaalod s g UinT ¥ LY Sl (b sl bl Judleadt &b o5
ARIMA ¢ 3l U
sl @ dgaill aladioaly 5l sl A pall
Sl il 48y sy J2AY A4yl o Fuzzy Time Series Lagal Liajh Jedbeall O (Barw Lon piay
GRSl dilasyl uteall Gy @y Auabyall 48 Laiajl) Adadad] 4oliiiual
L pagail) ariiv dagaall Laiajl Judladl plasdaly 5l Lapdla 530y BeliS pand]

ttlpll a3 e

b oAl Aladu o ki (3 chLasyl ¢
ADF jgs) alasduly (Sl bt jEs) -

) Adas  Blg Wudd ADF LA gl :(1Y) dge
Null Hypothesis: E has a unit root
Exogenous: None

Lag Length: 0 (Automatic — based on SIC, maxlag=9)

t—Statistic Prob.*

Augmented Dickey-Fuller test statistic  -9.103926 0.0000

Test critical

values: 1% level -2.615093
5% level -1.947975
10% level -1.612408

el of olina 13ag jiuall (e Gy Lguaall t Lad of Joaall b et LS ALD.F L3 Ga B3l

Yod1 Dd yiecws 335 1. al) aball 4 paall 4laay) Qaall
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Sample; 1962 2014
Included observations: 52

Autocorrelation Partial Correlation AC

PAC

Q-Stat  Prob

m ke

— o [5 [E

£l

1 0.092
2 -0.006
3 0.041
4 -0.164
5 -0.093
6 0.015
7 -0.121
8 -0.116
a -0.034

1
I
!
I
|
I
I
|
l
1 10 -0.059
| 11 0.062
! 12 -0.028
! 13 -0.108
! 14 0.019
! 15 -0.004
! 16 -0.043
! 17 -0.009
! 18 -0.047
! 19 -0.045
! 20 -0.055
! 21 -0.037
! 22 0.089
! 23 0.048
| 24 -0.031

|
1
|
|
|
|
1
|
i
|
|
I
|
|
|
1
I
1
1
|
I
i
1
I

0.092
-0.015

0.043
-0.174
-0.062

0.023
-0.115
-0.120
-0.049
-0.050

0.045
-0.102
-0.132
-0.005
-0.025
-0.078
-0.094
-0.077
-0.052
-0.137
-0.112

0.028
-0.028
-0.119

0.4618 0.497
04640 0.793
0.5591 0.906
2.1328 0.711
26516 0.754
26648 0.850
3.5763 0.827
44337 0.816
45111 0875
47450 0908
5.0102 0.931
50652 0.956
58980 0.950
59233 0.968
59244 0.981
6.0701 0.987
6.0773 0.993
6.2579 0995
6.4266 0997
6.6918 0.998
6.8138 0.998
7.5537 0.998
77725 0999
7.8713 0.999
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Dependent Variable: D(E)
Coefficient covariance computed using outer product of gradients
Variable Coefficient Std. Error t-Statistic Prob.
MA(1) -0.987681 0.066400 -14.27228 0.0000

SIGMASQ 10711.62 1491.545 7.181563 0.0000

MA(1) = oladl ai i) gisalll a e Juand A D(E) AN Gail of (Ve) ds s
of i 18] = 1 salsh oo Lsina i3S Y 6 Laleall Lo of olina 139 ¢ uanall 2algh Ga 4450.987681
Ln.:‘Lu\}wC u‘).u.ad’_auc.!}nﬂ'l s‘-Ua.m\

:u-i'im BEtS oy
g:ﬂ.'ﬂ\ SR I PAEPNIFEY-1EN :(\o) dgsa
Included observations: 47
Autocorrelation Partial Correlation AC PAC Q-Stat Prob
=% 1 il PO 1 -0515 -0.515 23.461 0.000

< 1ias —0.5 o Ugira Cilisy ¥ (33 BLEY Jalea)p of (i LaAC=0.515¢f (Vo) Jsaadl e s
Csyﬂ\ LAF}l-A
el Aflpde — €
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Breusch- Godfrey Jtaal : (V1) dss>
Breusch-Godfrey Serial Correlation LM Test:

F-statistic 2.319837 Prob. F(2,45) 0.1099
Obs*R-squared 4.486404 Prob. Chi-Square(2) 0.1061

Tgina e ol of f 7%= 0.1061cf5 0.1099 = Lyguanall F Lad off (V1) dssadh 0
(uﬁb.tﬂ u.ﬂ.:.]\ Ll ACEal 3529 Y 4 (5\) §)dall adilly uﬁb—l—“ Om b)) g axe olina K7

ARCH & :(\VY) ds»>
Heteroskedasticity Test: ARCH

F-statistic 1.255187 Prob. F(1,45) 0.2685
Obs*R-squared 1.275398 Prob. Chi-Square(1) 0.2588

g.\uwtl.:’_gm‘).:cu.b‘gx 0.2588 iy 0.2685 —-MM‘FMJ(\V) Joaadl Oe el
el ol b Lad @il o Ju laac cubdh) pie Udasa gy 43
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Bl ihi -0

AT gl sy ABlall b L5sy Ramsey re set test jLasl alasial o5

Ramsey re set test S :(VA) dg>

Ramsey RESET Test

Value df Probability
t-statistic 0.015212 46 0.9879
F-statistic 0.000231 (1, 46) 0.9879
Likelihood ratio 0.000241 1 0.9876

G b Leac0.9879 Ligusall tdad ol (VA) Jasadt o oy
tsdls) dppda 1
A gl qudag (1 4)dell Jarque—Bera i) aladiu a3 &3 dal o

il Alee Blgy Audiad Jarque—Bera Lad ((V4) ds

20
Series: Residuals
Sample 1967 2014
16 Observations 48
Mean 0.059597
12 - Medlan -1.953857
Maximum 222.3319
3 Minimum -368.1212
= B Std. Dev. 101.9545
3J Skewness -0.595339
Kurtosis 5.877871
4 -
Jarque-Bera  19.39971
J| Probability 0.000061
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959, da 4 AT gaa wa gl (Y 0) Jgda

Yecar Lower bound IFTS Predicted Upper bound
' Value

2015 472.0944 541.2291 565.3472
2016 465.6734 546.2484 558,895
2017 459.2523 551.2678 562.4428
2018 452.8312 556.2872 565.9907 |
2019 446.4101 561.3065 569.5385
2020 439.9891 566.3259 573.0863
2021 433.568 571.3453 576.6311
2022 427.1469 576.3646 580.1819
2023 420.7259 580.384 583.7297
2024 414.3048 584.4034 587.2775
2025 407.8837 588.4227 590.8254
2026 401.4626 592.4421 594.3732
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