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Abstract

This study aims to compare the efficiency of black box models, specifically the ARIMAX
model, with gray system models, such as GM (1,2), in the field of time series forecasting. This
comparison was applied to economic data from Iraq, analyzing monthly data on money supply
and net foreign assets from January 2021 to December 2023 using both models. The focus was
on evaluating the performance efficiency of the two models based on the results of three main
criteria: Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and the Coefticient of
Determination (R?). The results demonstrated the superiority of the ARIMAX (3,2,1,1) model
in predictive performance, achieving the lowest Mean Squared Error (MSE = 1.68), the lowest
Root Mean Squared Error (RMSE = 1.30), and the highest Coefficient of Determination (R? =
0.67). In contrast, the GM (1,2) model exhibited lower efficiency, recording a higher Mean
Squared Error (MSE = 22.88), a higher Root Mean Squared Error (RMSE = 4.78), and a lower
Coefficient of Determination (R? = 0.18). Furthermore, the stability analysis of the time series
revealed the necessity of taking the second differences of the money supply data and the first
differences of net foreign assets to achieve stationarity. Cross-correlation analysis showed a
strong relationship between the two variables, with complex interactions indicating mutual time
effects. Additionally, the Ljung-Box test indicated that the model used is suitable for the
available data, as the residuals do not exhibit any temporal pattern (i.e., no white noise),
reflecting the model's quality and the reliability of the results obtained. The study recommends
employing the ARIMAX model for analyzing economic data when sufficient data is available
and stability conditions are met. Conversely, the gray model is considered a suitable option in

cases of data scarcity, with awareness of its limitations.
Keywords:
Black-box models, Grey systems, ARIMAX, GM(1,2), Time series forecasting, Economic data.
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Uaall il pa & sane Q15 5y 6y phall 038 (& G By a3l Al Jlasialy lill) 23 5a3¥1 A Sl (520 J3A (30
19 Y1 il e ARIMAX 73503 Clalaa 008 (Kay 5 ol 505l 5 83 suma jall ll (4 (SSE)
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+e(t) (15)

reb WS lasl 73 sadlS oMo ¥ alal) 4SSy
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€1 CpowCp " (17)
ASY) Lapally LS (e p DA 5 s A) (e AL GUL) el 4nie s T Ol
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AEY) Dpeally oy 5301 5 (PE) 5l Und Jlawinly 3 5ai¥) cilalaal 50 61 ja) oy
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-

40y

yE0) =" ()6 (20)
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N
oV, 2
H=— O - OO T®  (23)

2 & ~
_szt) @T(t) — @T(t) T (t) B) =0 (24)

:OLS &y yhay i) Fla el

f= [tz P(OT () 11 ;mt) o7 (t) (25)

[20] ARIMAX g3 sail & j3aa 8-2

5l 283 Cppeny e sladl (po 3 30 UG ARIMAX - (S5 m Sl ol il ges JVA (ar Ane &y 482
N bl e Lo aainy (3 ARIMA 3 5y 45 )l

Gl el Gyl ((pamsal) daldil) A () dpanssalls clalaiV) ae daladll apkiing: dadaill & A5 g
A Al

tban Yl ailis 8 il SUE alaay Les il ) dgilian) 4k e addey o 8 o) Gl
[21] ARIMAX gisail 358 9-2
O Aol CUBe 3ga s i iy g e Jaaliill dey 3 e duie 3l ALl ) 6S5 o by Adadll g 4 ) i) cileal i)
o) gl bl e Lails 3udaii Y o8 cilal 381 5 ol yaiall
A8y Cilaleall 81 dpay Ul i) (e A e d3aS by 4818 iy ) dalal)
ARIMAX( n.,ng,np, ng )< sl
(Grey System Theory)dita il dalai¥) 4, 55 10-2

Gy 3y AL e alail) Jilas Jlae b Liaall 4yl g o (GST) Aol ll dalasdy) 4 ylai aa
e Jalaill Jaay pale ) maai Caagy ¢ pdiall ¢ 8l il V1 8 (Deng Julong) sisall ) sed g 5l 3 e
ey laay) z3la  Laal) Aalasy) 3kl Liallee Coay i) Ausilil) 5 46 jal) el

JalS IS 5 58 sie Claslrall (585 Y Cun el s 4yl G pend S Aalai¥) g Jalil) e 45kl 220 K 53
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Ge sine 3o g die il alhall y dia 3 JuSladl il 6 je dpalyy <l ol A paill oda a5 el
(Fuzzy Logic) Bl ezl shid) 5 SudSl clany) Jie cilii Galai Lo Cony A a5 «ilaalidl)
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[6.25] 5 ey culiy 8 520all
: Gray model GM(1, 2) gtad zisa¥) 11-2

lalaial Jiads ¢ GM(1,N)l ysiall aaie gabe 23 5] (g daald s GM(L,2) @bl 73 sal¥) a2
Lalai¥) e Jalaill 3 5ai¥) 138 H3kn 31 c26Y) 5 ppmd Aia 31 Judbdl Jilad 8 Aleniosall dpala ) z3laill LY Lage
82wt ) colipdaill 3 Ll aad e g5 o 81 e aaly e i i il addedl il Wb oS5 A
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) il e T it 1,6 Al of sl g3 ¢ (Exogenous Variable)sa sl i Jituall juial Jiay 52915
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Al Sl 5l 3 pniall Ldlal) 28l Jie Gl 3 5k e (Model Optimization): z2ses¥! (s

First-Order ) ¥ &)l o (S Al e je la¥) bl digad oy cdaalbll alill
ey el 843 glall el s ) Caagt dulee a5 (Accumulated Generating Operation, 1-AGO
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Model Selection Criteria Ziga) SR pulaa 12-2
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Introduction gt 1-3

@Sl Sleadle lashadill 551 55 (e Lgman a3 (Gl 5 (B el SLaBVL dalatiall dyie 1 Judld) Gy Jidas s
Gl g gl Ala g 28l m je Ul et (Al 2025 abell ) jaall Cila slaall alaig elany) 40 - clasdl
zla & lie pw a8 0023 saess 31 ) 2021 H 1 e soed JSE Gl aen &5 Cun aiaY)
Gl b saamall el ) Taliiad @lldy «GM(1,2)Ambe )l Aalil) z35a1 a0 ARIMAX 25u¥) (5 saial
Aalaiall o) a ) asan 285 o3 38 (Ayae ) o) ja Dl Apally Lal ecnlilall Jidas (8 73 gl JS 3618 4 padd (5 kil
Al b A ailea 2ol Jeli mgill 138 (613 EViews 12 gebins MATLAB 2021 43 Jlexins & 3ailly
Faaliial il ) Tl 4y jae &l 3

OBy Apial) clagagall Al 2 A Jaladl g 83 (o e cliby (2) o

107.03 105.36 1

108.91 108.93 2

111.62 111.60 3

112.87 112.44 4

115.51 115.38 5

113.73 115.63 6 —_
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o
S

113.98 116.88 7

114.50 117.22 8

114.15 116.31 9

119.06 119.02 10

119.67 117.79 11
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121.21 119.94 12
120.72 119.55 1
125.11 121.58 2
128.44 122.64 3
132.52 125.25 4
139.69 125.10 5
142.63 128.86 6
149.55 130.61 7 Q
. . S
156.07 132.91 8
158.40 132.77 9
167.77 136.17 10
176.31 140.36 11
182.64 146.49 12
190.53 150.07 1
170.16 149.91 2
176.73 149.37 3
177.92 151.62 4 .
=
176.28 153.62 5)
175.93 155.77 6
176.38 154.96 7
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172.76 152.57 8

172.77 152.42 9

176.60 15543 10

178.77 158.63 11

178.13 160.32 12
200
180
160
140
120 7/_/__\/
100 -

I 1 i v 1 i v | I 1l v
2021 2022 2023
—Y X1
G omdl 8 Aia¥) il s pall il g il (o ye Alalid ) sl Jia (1) IS
Baa gl yda Ll (3) B Jsaa
Null Hypothesis: Y has a unit root
Exogenous: Constant
Lag Length: 4 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
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Augmented Dickey-Fuller test statistic 0.139822 0.9638
Test critical values: 1% level -3.661661
5% level -2.960411
10% level -2.619160

e Sl a5 (Prob= 0.9638) 4ad 0¥ saa il jia (e St a8l (= e AL ) (3) sl A e Ciy
e (t=0.139822) 4ed A o (s XS5 6 e e Apie ) Abulud) ) G 1385 (0=0.05) AV (5 sinae
(i _allyid sanll aiill (e ST (1) & sunall el (la (10%,5%,%1) AY2 (5 siase i (f) da_all aiill ae L i
G U8 5 i Lelaad (Differencing) auludl (35 i) 340 (5 )5 puall (e 438 5 jfine ye Aludud) o it SV

ARIMAX 2 s
A (3A AA) y Baa gl Jia LR (4) B Jeia
Null Hypothesis: D(Y,2) has a unit root
Exogenous: Constant
Lag Length: 2 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -6.014408 0.0000
Test critical values: 1% level -3.661661
5% level -2.960411
10% level -2.619160

On J3 a5 (Prob=0.0000) dad ¥ 53l jia (e (S ¥ a8l (i je Akl o (4) Jsaall A e O
Leii i die (t=-6.014408) 4ed A (0 (5 5 XS 3 jains daia 3 ALulid) ) Gaw 138 5 (0=0.05) AV (5 givae
YL (Ao oalAd saall il e JBI (1) psanal) Zadll G3 (10%,5%,%1) A3 (5 s die (1) Aol pdl) e

ARIMAX z3sail Ggaadai (a3 53 jiiase Aldud) () it
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Baa gl Jda LA (5) Al Jaa

Null Hypothesis: X1 has a unit root
Exogenous: Constant

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

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -0.858697 0.7893
Test critical values: 1% level -3.632900
5% level -2.948404
10% level -2.612874

25 (Prob=0.7893) 4ad (¥ s2a gl jda (pe Alad Ania¥) s sa gall ilia ALuLL) o (5) sl ONA (g iy
(t=-0.858697) 4ad JMNA (3o (5 XS 53 jiiue ye dia ) ALulidl o)) o 138 5 (0=0.05) AV (5 sise (o e
afll o ST (1) Arsendl Za@l B (10%,5%,%1) A¥3 Gsiwe die (1) dasall adl) g LB jlie de
Lel=al (Differencing) Albudl G35 jdll 321 (555 pall (e 43l 3 e e Al ) it AL (R _jall)ad saal)

ARIMAX 73 sail (gadai 83 jiiea

J¥) AN AT g Bas gl jda JLR) (6) al) Jsia

Null Hypothesis: D(X1) has a unit root
Exogenous: Constant

Lag Length: O (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -6.027134 0.0000
Test critical values: 1% level -3.639407
5% level -2.951125
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10% level -2.614300

(Prob=0.0000) 4af (¥ Bax Il Ha e (ol Y dpial) Qlasa sall e dlududl ol (6) Jsaall Ja (e
(t=-6.027134) dad 3 (e (5 5 AlIXS 53 jiune dgie 31 ALdid) () Gy 138 5 (0=0.05) AV (5 sise (0 B (2 5
alll e JB (1) Loswaall dadlll G (10%,5%,%1) AV s die (1) daall Al ae Ldilie aic

ARIMAX 3 sa sl (a5 8 e ALl o) ifinss (YL (Raoallyial saa)

£(2) ol 1l DA (30 Limdf Ll (3 5l 381 2y (il e 5 ey LS

10

(Oa]

o

-10

-15

-20

-25
I [l 1 IV I [l 1 IV I [l IV

2021 2022 2023
—— D(Y,2) —— D(X1)
L (330 381 3y Auia¥) g sall Bl g Sl a0 (ol S il 4y ) i) (2) IS
Giladaliial) Lol Y Juladi 2-3

&y ¢ lag 0xe 35 &l 331 JBY(X(1)) 5 Y(X(1)) cromiall o Ll ¥ Jilat of (3) Sl 4 milis jelas
e Rl 8 Taiis Jag 1 (0.9177) e dadi e A8 adll ()5 458 Al Ble e Ju Lea <0.9626 Ll Y
s S A ya Ll il ¢ (lead ) onsSall slad¥) (o5 gl 5 ya e A3l 5.8 pal 5 ) el Las ¢ lagialy

I B e 3 Al o 3 ga s e i )
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e (o sind bl S 13 Auala dgia 3 Judlad) Jalas 8 Al 5 shad Sey (35,0 2a0 ) dalal) (allaw el
O ARdall G Jalas (e (S Laa cclaladll oda A1) 8 35 8l acliy Apew e il ol Ay clalal
Asliiod) Ol 5 o Slail) 483 Cpent) 5 5 e (358l 381 5 585 o S AT A8s ST S @l il

Date: 06/11/25 Time: 08:25

Sample; 2021M01 2023012

Included observations: 36

Correlations are asymptotically consistent approximations

YA(H) YHA(+H) i lag  lead

0.9626 0.9626
0.9177 0.8786
0.8671 0.7945
0.8171 0.7189
0.7680 06472
0.7201 05758
0.6569 0.4382
0.3858 0.3963
05072 0.3056
04193 02182
10 03372 01366
11 02586 0.0525
12 0.1457 -0.0334
13 0.0384 -0.1172
14 -0.0602 -0.1879
13 -0.1483 -0.2461
16 -0.2199 -0.2996

[ B I e Y o o TR = P TR M TR W o |

(=]

l

O
E
=

___ieuHHHHHHHHHHH
_____tE!UUUUUHHHH

[ —

GAN 38 U8 clakiliial) balg ) (3) JS&

34T 2D(X(1)) 5 D(Y(2)) osmBY) Cipiiall G Slabiliid) Ll V1 st o) (3) JSal (b il el
2021 b (e el Sl Jleainls (lead) s (lag) Adbiss duia ) &) i jue Ul HY) oda Glua a3 Cua (35 4l
ol Ls Gy Wl )l el lag 0 ie ail) o Jaadl Jalaill By i 3alie 36 25a5 ae <2023 sansd
138 iy LS D(X(1)) saciall 8 Al < s ae 38155 D(Y/(2)) saial) 8 < sl o e J L <0.3731
i3 AS ke Jalge ol 8 nlie <l ) (5 ad O (S Laa a1 8 i) il & G i) (R A8 2y
138 jels) 10.5559- W a8 Adle dad el Cus Lasale Jgad san Laadli ¢ Jag Laie adll asd die 5 les Legile
s m 2 puaiall Cpn saiae ASalind ) ad Lae  AY) il ¢ iy 38 0 puiial) a1 Of Sl Lol )
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(=i Lan 68 o Aia 3 3 2my JAY) o Ul i 28 <l puiall aal 8 el of Cus ey < pills L) 1s
Al el )Y o Ladl 35 lag 2 ad A bl die @S, Jelal) 13 o) 5 4l Clnd) agdl Cndl e 13 3
a3 L o ) e 13 B 5 e ae sl o ABDaL) QAN (S Laa i 5 (Bl 0 ae Al

B 5 pe ae i ABDaL) () et 38 Law 3D iyl e

e Ju lee il il )l 2 sa 5 e Ll Ll s il (3 ¢ (lead)) maSall olad¥) & dia 301 <ol i) Al Ll
Larl 5,8 ol G il ClSualiall s3a oy LAY e Lla ji5 28 @l psiall aal 8 Za8 i) @l of
ek cale IS L@ alall elaY) e 4ala®y) a1 i of (Say oS agdl ca 3l e cllals ;Y1 Al
e aiad A jae il B 3ATH sl O (S B 038 agh () 5 priiall (s Baiae Dol @llia o Jlail)

Gl A Al aBY ] ) Alad (e ey Lae cpnlia®y) clill

Date: 061125 Time: 08:20

Sample: 2021M01 2023012

Included observations: 34

Caorrelations are asymptotically consistent approximations

DY.2), 0D D200 )(+) i lag lead

I

0 03731 0.3731
! 1 -0.0809 0.16384
o ! 2 -0.1595 -0.0840
|
|

O

3 -0.0672 -0.0113
4 -0.0571 -0.1789
1 5 0.1666 0.2846
! 6 0.0657 -0.0686
l 7 -0.1682 0.2360
l 8 -0.1568 -0.3365
l 9 -0.0872 0.1843
g 10 0.1006 -0.0684
|
|
|
|

11 0.0292 0.0267
12 -0.0037 -0.1206
13 0.0358 01687
14 0.0149 -0.3568
1 15 -0.0081 0.3109

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
l l 16 -0.0594 -0.3301
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Ljung-Box i) (7) dgsa

Model Ljung-Box
Statistics DF Sig.
y-Model 1 18.294 18 0.436

G2 andl gy y-Model 1z Sl Je Ljung-Box LW & N Ljung-Box _Lia) milii
ce 18294 cialy o) dglas) of il cjelal G Ayt U Judld) Jilas 8 Jasiasal) 2350l dadlia
GOS Qs aa g Y il i 138 0,05 AVl (5 sivse (3 ST (a5 (Sig=0.436) dad b5 18 (5 5bi 4y a Cila o
s o it O Uiy 25 oy 2 5a¥) (B0 (b ey Bl 25m s a2e o el ) Ay jiall A ) i )

bl 8 ) L) L) 3 mas 3 y-Model 1 z3sa¥) o () s Laa (Ll siie 1S sl i 23 gl

Al Aldid) s (8 #dpai¥) Alad Sy m3sail) (Bl (A ) Bl asa g et o) dpalall Aald) (e
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