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Abstract

This research examines the relationship between dinar deposits and U.S. dollar
payments at the Central Bank of Iraq using monthly data for the period January 2016—
June 2025. The ARDL model, the GRU neural network, and a hybrid ARDL-GRU
model were applied. The results show that U.S. dollar payments are stationary at levels,
while dinar deposits become stationary after first differencing, and the two series
exhibit a significant positive long-run cointegrating relationship. The linear ARDL
model has a limited ability to capture sudden shocks, whereas the hybrid ARDL-GRU
model achieves superior forecasting performance both in-sample and out-of-sample.
The findings confirm the Central Bank of Iraqg's efficiency in managing domestic and
foreign liquidity and maintaining market stability and provide three-month-ahead
forecasts for U.S. dollar payments. The research recommends adopting hybrid models,
incorporating additional economic variables, and using larger sample sizes to improve
forecasting accuracy and support monetary policy decisions.

Keywords: Central Bank of Iraq; Dinar Deposits; US Dollar Payments; Time Series
Analysis; Autoregressive Distributed Lag (ARDL); GRU Neural Network; Hybrid

ARDL-GRU Model.
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Ho: Homogeneous variation of the time series (no effect of ARCH)
H1: Heterogeneity of time series variation (there is an effect of ARCH).
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Variable e Leic] — Log
deposits/dinar payment/dollar deposits/dinar payment/dollar

Count 104 104 104 104
Mean 4,510,577,711,538 3,680,634,615 29.0709 21.9627
Median 4,569,290,000,000 3,684,000,000 29.1503 22.0273
Std 1,491,200,133,745 1,193,250,412 0.3916 0.3918
Min 1,198,360,000,000 492,000,000 27.812 20.014
Max 7,948,554,000,000 7,975,000,000 29.704 22.7996
Range 6,750,194,000,000 7,483,000,000 1.892 2.7856
Missing (%) 0 0 0 0

Has Negative Values? No No No No
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Variable TP =7 TP Log
deposits/dinar payment/dollar deposits/dinar payment/dollar
Count 10 10 10 10
Mean 7,354,589,800,000 7,123,300,000 29.6226 22.6787
Median 7,388,031,000,000 7,204,000,000 29.6302 22.6979
Std 666,866,954,337 930,428,103 0.0907 0.1337
Min 6,295,168,000,000 5,703,000,000 29.4708 22.4643
Max 8,594,071,000,000 8,583,000,000 29.7821 22.873
Range 2,298,903,000,000 2,880,000,000 0.3113 0.4088
Missing (%) 0 0 0 0
Has Negative Values? No No No No
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Variable Test ADF p-value ADF Conclusion KPSS p-value KPSS Conclusion

X Level 0.6809 Non-stationary 0.01 Non-stationary

X First Diff 0.0230 Stationary 0.1 Stationary

y Level 0.0000 Stationary 0.1 Stationary

y First Diff 0.0429 Stationary 0.1 Stationary
Log(x) Level 0.0004 Stationary 0.01 Non-stationary
Log(x) First Diff 0.0017 Stationary 0.1 Stationary
Log(y) Level 0.0000 Stationary 0.1 Stationary
Log(y) First Diff 0.0002 Stationary 0.1 Stationary
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Variable Coef StdErr |t [ p-value
Constant (By) 241 192 125 0.2140
Log(y) Lagl (B;4) 0.53 0.10 5.44 0.0000
Log(y) Lag2 (B;2) -0.01 0.10 -0.12 0.9012
Log(y) Lag3 (B1a) 0.21 0.07 3.07 0.0028
Log(x) Lag0 (Bo) 1.09 0.09 12.69 0.0000
Log(x) Lagl (B1) -0.56 0.13 -4.14 0.0001
Log(x) Lag2 (B,2) -0.25 0.12 213 0.0358

Ul oyl wad (BIC) Hlens J113Liusl ARDL zdg03) cdlolas @ud cyeas (4) 03) J9d
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Ye = Bo + B11 Vi1 + B12 V-2 + B13 V-3 + B2o Xt + B21 Xt—1 + B2z X¢2 + & 13)
§.=-2.41+0.53y, ,—0.01y, ,+0.21y, 3 +1.09x,— 0.56 x,_; — 0.25 x;,_, (14)
ARDL gisail &b Jlas g (5) Js22

in sample out of sample
Metric R2 RMSE MAE MAPE RMSE MAE MAPE
Value 0.755 0.193 0.126 0.129 0.137 0.124 0.115
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ARDL Out-of-Sample Forecast (LOG)
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A 39 ARDL gagad) (Bl gy S8 mlaa (o (6) Jsi

Ljung-Box ) ARCH - CUSUM
(lag=4) Jarque-Bera lag=4 Durbin-Watson CUSUM withings CUSUMSQ
0.8978 0.0000 0.0772 2.0085 2.44 FALSE 0.37

poe S5 & Ogudly cppd Hlus dasd ol JI alayu ¢@lsdl 3 315 blS)l 3929 pie dl #é (6) 03y J9u=
diad B g (ARCH) Ll 0uST Sl eplad) (uiloss poe Wie 3929 pde o Was (@il ol 3929
0.05 o J3I < diagd OY clando hojgs &5956 Y 3l Ol JI o TNy ISPV S| WEY Ol <0.05 (o AST
bl pde ARDL z3g0d) @l»)e-lm «CUSUMSQs CUSUM )l 4] 13Liwl (Roshanpour et al., 2025).
die 9zl Hlast GFALSE dxid ae 2.44 325 CUSUM dad il 4id . 3lgdl (plds odlelaadl S (§ maly
S domgls Ay SBLasY (289 pe3ll pe ARl (B5 Y gdgedl wilelae OF U] pde Lo 929 <%5 Sy
e hiiwdl las e 48 Blyzsil 929 €0.37 Jlg> CUSUMSQ dasd cuids WS .ol paiall o d8Ma)l § dafSin
Ol o)l oS «JWL . 3l9dl 3 g2ly (il pueg (variance shifts) (bl 3 &lxd OlpsS 3929 e
Y @ (GRU) dulsd! S0 89 o 5,37 zdled Jlamias] llaty Lo 909 ¢ lyiisl pde (o (jlas ARDL gdgal]

ool e (S old o A8

ARDL g3 gai) cdlalaa 4y ) i) &) L5 Gy (8)J84
CUSUM of Squares CUSUM Stabily Test

109 — cusumsQ — CUSUM
e P —— LU b d
--- Expected under stability L 2 5% bounds

T T T T T T T T T T T T T T T T T T
016 2017 w18 2019 2020 2020 2022 2023 2024 202 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

ECM laskd| sl g5 ged)f
Uil paaal 3 gal) ualli (7) Jo
ECT Afgjigfr%ee?ﬁ)m Std.Err t-stat P-value Significant (5%)?
a=-(1-Xgi) -0.27 0.10 -2.57 0.01 Yes

ST A Ly 03l g) sy 390391 OF J) g lasdl uonal Jolao yasato(7) Joor
Bl (10%27 Jlg> OF g 1929 6-0.27 S 9l Eu ¢ J2Y gl 8Mal e LBlyil
I 0l ¢0.05 o J8T Julaoll ddleisdl dad OF Ly die) B8 S (§ dowondl o
lpaiall o J2Y s 0)lg3 e 3929 peds Las Adlas] AV 95 Jolanll

GRU 20901 31,51 bkomy Jlaaiuls O padES
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GRU Ms-ue Uiy 039 ¢ARDL zdge3 ae (3wl Olosa) GRU e S 053-2
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. (Data Leakage)wloglandl ol Cized cpoll
Bpad dopgds SULI 058 @ldg eyl Bue day ((Window=2) ¢yl 8480 jlus @3-3
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e (Neurons) duwac 8u=>9 (64 ,16) (Two Layers) cnidsdas GRU gdged Judss o5-4
¢MSE 8)lus- dlg c<Adam (learning rate = 0.0007) opiwxs pldssinl ae ¢ 150!
.(Epochs = 400) w9l saey ¢(Batch size = 16) dadd> ex>y9
x| Bole] ao coMs-uall puudaid (StandardScaler) Jlasiwl o5 (Ul dAxdlase -5
Ao daiyle gl Al o @l &ylae Olasal 54l wis(Inverse Transform)
domgin Coow Olil> Juais pe (Hyperparameters) zdgo)! mlae oo 05-6
Codl Oblo e Lgwyad @03 (3 LSaall 38193 guaxr <ot (systematic  loops)
Jions ¢l 8380 casanll @l gl asliadall sue) (4) o3y 8,881 LS5 o3 gl
Gl (§ dodsitunell splal) dagd (351 > (a1 dad gl Copisly (sl sueg elal]
Il gz LY Aol o ASY 5l guolisg Jakcd das (dall 5
«RMSE « sz' J}b ;Zugjl C)Lﬁ-_g J}‘.\ WJL&A ul_;: MLJ\ Joasie | Z;‘.\;)" p..«_:.ﬁ.:—7
ggd izl @il e Cgwme 43Yl9g MAPE (MAE ¢ RMSE: &l z)l>5 (MAE
LSQW}’\M\

GRU gigai) dadba s G (8) dgo>

in sample out of sample
Metric R? RMSE MAE MAPE RMSE MAE MAPE
Value 0.936 0.099 0.07 0.071 0.21 0.165 0.152

sl G dgadl J=-1o Hlias s151 ,¢ba :GRU Z3905 daidle plae yglas (8) 03) Joux
G Tsaidl Lo ] ad digadl Y215 il 50 paazrg bl (0 %94 i bo iy O
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) el (§ dedciall
GRU 4amand) Al Juarialy qu il Al 5 084l g 4880 4l ¢y (9) J8id)
GRU dsuanl) A4 Juarinaly 5331 il 3 tdals fgbdiad) sl Cow (10) 2 8

GRU — Out-of-Sample Forecast (LOG)

- —— Actual (log)
,/’ R ——- Predicted (log)
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GRU duas)l dScid) cU-asS ARDL gdged] Blgs datin dzrduil) (25e)) Jubauili-1
Aeblad)l Jasdl 73 903 abai o) (@ dadasdl 2 OLSpobold] bl gl s wig)
RMSE, MAE, ) ¢ 5 (9 cdiludl z3ledll 3 W15 Lunliall slaisl @3 tpmatll plas-2
MYl S gl (Ae MAPE Hlas lasle iyl gl @b e clgamylg digall J5-1s (MAPE
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& B3ykell dunanll Al SYanally 3l slaisl o3 tppanidl e ddlally laiwl-3
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@Al G5, i
2 Logsas Aadlally mudill las o oo JUS (31 el (3,1 dpdos o) cdiizes
low el Wlpiia) 488 ULy ;393 pue 489 d92ga (B bl (Guaill O VI digall
peeaddl (3 Gl drlgy duasll ASadl <ol Jax
ARDL-GRU gl gisal) &ada yslaa o (9) Jsia

in sample out of sample
Metric R’ RMSE MAE MAPE RMSE MAE MAPE
Value 0.989 0.040 0.02 0.027 0.09 0.079 0.076

T390 45Uy dpraat)! bliall cr pom Cu nag)) ZagedYl ool ekl (9) 03y Ju
Z39adl Blgr 8 8,SIAUI e Buaiaally ddasill p& LYl blaxll Ae GRU 8489 <ARDL
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in sample out of sample
Models R’ | RMSE | MAE [ MAPE | RMSE | MAE [ MAPE
ARDL 0.755 | 049 | 0.3 | 0.129 | 0.4 | 0.12 | 0.115
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ARDL+GRU 0.989 | 0.04 | 0.02 [ 0.027 | 0.09 | 0.079 [ 0.076

O a9 «(ARDL-GRU «GRU ¢ARDL) &Il z3laidl slol djlae ygla3 (10) o3) J9d

ARDLJ @AWBBJ\ oty Al %W\ o &A.zg}gﬁ L?.zg.m B =gl C.\g.u}’\

Dgadl J315 doedlo Sl dis iy Lo cdidasdl e lSuelipll Gladwl e GRU 8yu39

o BJU Gjbs 24 49140;)” 6M‘ ul.c— MAPE ‘3 Lszw c&ig,x.]\ C)L‘>§M3 ‘3‘5" JST_Q

Bl ol pamasall § ddlall blre (o zobg My cdoyladl Blially L.l 861aS)l
) s (B ool dde (B 5 ahall g Afdal) all) Cp (11) JSAY

Hybrid — In-Sample Fit (LOG)
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1e9 Out-of-Sample Forecasts — All Models vs Actual (LEVEL)
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