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OABSTRACT o

This study develops a hybrid forecasting framework for Syria’s gross domestic
product (GDP) by integrating a Ridge-regularized Autoregressive Distributed Lag
(Ridge-ARDL) model with a Random Forest algorithm. The research addresses the
challenges posed by high-dimensional macroeconomic data and complex
interdependencies among variables. The framework begins with constructing the
Ridge-ARDL model to estimate long-run relationships and short-run dynamics,
achieving strong explanatory power with an R2 of 0.74 and a stable error-correction
mechanism. The resulting linear predictions are then incorporated into a Random
Forest model to capture nonlinear interactions and improve predictive performance.
The hybrid model outperforms its individual components, reaching an R? of 0.85 and
achieving a substantial reduction in RMSE. Variable-importance analysis reveals that
knowledge-based indicators, such as the number of researchers and public
expenditure on education, are key determinants of GDP in Syria. Using annual data
from 1960 to 2023 and forecasting through 2029, the results indicate modest but
positive future growth accompanied by wide uncertainty bounds, highlighting the
need for structural reforms. The proposed framework provides a robust quantitative
tool for policymakers, combining economic interpretability with the flexibility of
machine learning to support more accurate and informed decision-making.
Keywords: Hybrid Forecasting - Ridge-ARDL model, Ridge regression, Random Forest,
economic forecasting, GDP, Machine Learning, Econometric Model.
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Yorr—1an. guall dulgdall clially Ridge-ARDL W) 4 dadsaill zilsilly cipsiall gpaad 4l Jadlad) 1(V) JS&
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Lo ccsial) (mns b daaaly i ge 2V digh baela lalssl Jughally casdl Jlae (b odiall
el (DU i pdise Jads Lei cdiaidie 3acl8 (g lilhia OIS oy i) LLaill 8 augi )
s A JW Gl 5ol pus S Tays Toat Ml aileilly i) Jaeay igall (5530
Y5l yie aBgiall jeall Jausgieg iUl e A€ aidaill e agSal) B Guating caalatll cO L
e duishll gadl e auall gl sty elaal) Gyl 8 s pug e AV ol U<
e Lo Dl Wl @ilales e calialal) dusy Alalall (g5l 3 ASLa) Jana edass canlil) ol
bl Cbisine By darll Gom (3 OIS plovil & e tas und ) il Lo ekt gagna Ui
Al s (LS i 8 s b dgng e aS G ) ) 8l pai Jane vy Dl
Qb pre g Ll cilorall 523 Sy Y (KA b Shas Adle 0 sas 52V il
ealall Gl alal) Jia JaY) gl selia S daais okt cluiia o Luls JSAN (s ale ISy
sty clexally Sy saill o cilovally cilaf¥) A 5ilie Bgems (uSad Spiiag (pabyl) Al
opald (& Lladll e llaly dbshall Glalat¥) e IS Gy e 508 Gaae zisa ) daldl i L

pasd yiial) i sl L sl bl sl

JY) Gally ginal) tie S SaBY) il ggall Jsi= S L) @il 1(Y) dsea

Variable | Test Statistic 5% Critical Value p-Value Test Level Stationarity
URB -2.11 -2.94 0.24 Level Non-stationary
GFC -3.45 -2.94 0.01 Level Stationary

LPI -2.02 -2.94 0.28 Level Non-stationary
FBB -4.21 -2.94 0.00 Level Stationary
MCS -1.89 -2.94 0.33 Level Non-stationary
FTS -3.75 -2.94 0.00 Level Stationary
SAN -2.36 -2.94 0.16 Level Non-stationary
ELE -1.95 -2.94 0.30 Level Non-stationary
UPG -3.61 -2.94 0.01 Level Stationary
STA -1.45 -2.94 0.52 Level Non-stationary
SEV -2.22 -2.94 0.20 Level Non-stationary
TER -4.05 -2.94 0.00 Level Stationary
RES -1.81 -2.94 0.36 Level Non-stationary
EDU -3.10 -2.94 0.03 Level Stationary
LEX -2.05 -2.94 0.27 Level Non-stationary
LFP -1.78 -2.94 0.38 Level Non-stationary
PHD -2.18 -2.94 0.22 Level Non-stationary
GDP -3.95 -2.94 0.00 Level Stationary
URB -5.12 -2.95 0.00 First difference Stationary

LPI -4.84 -2.95 0.00 First difference Stationary
MCS -5.03 -2.95 0.00 First difference Stationary
SAN -4.55 -2.95 0.00 First difference Stationary
ELE -4.62 -2.95 0.00 First difference Stationary
STA -4.77 -2.95 0.00 First difference Stationary
SEV -4.22 -2.95 0.00 First difference Stationary
RES -4.38 -2.95 0.00 First difference Stationary
LEX -4.66 -2.95 0.00 First difference Stationary
LFP -4.71 -2.95 0.00 First difference Stationary
PHD -4.81 -2.95 0.00 First difference Stationary
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< swss ali€e ye Python 4ad aladaul Gliald) dlae] @ o)

zls3 Wiy «GDP s FTS s GFC Jaii (ssiusall ie (Slus clyiiall (e Teda of ) gl s
LS .ARDL ze¢ie alaaiul Zoedle 2S5 (V)] Lstie 6l 25n9 are ALzl Jo¥) 3 221 ) 2003)
e ) gl ddal L2 AUl B g e LcdelSall 4 dhkbise gailad g oAl i
ol Adle cliludlg saaeial cleUay)

Zisalll ki V- ¢

L 7353 ae Ridge sl aliiall ARDL z3sa3 grad (3o 4nilis Lidliag g 3saill o dlaya fas
Bl d5pe o Jdd) giall Jie Cua Cpadgalll Clajie o adiey Gaas zigal skl & df)sdal)
Oly Adltiall Gl 350 5 Lain aall lilly SN cpdisally el g JaY) Baaly Ja¥) dbigh
) Al Ao cpngll zisall ol aui 5aY) Sshall A (gan & deall ddadll e cBlelal)
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140 gud)
Zasalll dagdla anili Ciyiidag Ridge-ARDL gigail juailly Jushall Ja¥) cilalaa :(*) Jgas
Variable Long-Run Coefficient
URB -0.0131
GFC 0.0219
LPI -0.5498
FBB -0.0067
MCS -0.0038
FTS -0.0273
SAN -0.0023
ELE 0.0071
UPG 0.1317
STA -0.00005
SEV -0.0000041
TER -0.0226
RES 0.0020
EDU -0.3728
LEX 0.0146
LFP 0.0535
PHD -0.0303
Variable Short-Run Coefficient
URB -5.454
SEV -0.00034
LFP 2.0575
ECT -0.1637 (Error Correction Term)
Metric Value
L2-Lambda (A*) 54.2484
R-squared 0.7435
Adjusted R-squared 0.6410
Residual Std. Error 7.666
F-statistic (p-value) 7.248 (3.63e-08)
RMSE 6.4285
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MSE 41.3252
MAPE 5.2163
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Cross Validation Curve for Ridge ARDL Regressil
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Ridge-ARDL gisai (& aUaii¥) jiajla gt Und didlad plaliial) (38al) Jaa 3(Y) J<&
< e @li€e yie Python 4ad alasauly olald) slac) @ jaadl)
cahpiiall dpaal cuisig zisall) el clpdiiay Auilpdall cllad) zisal cilalea cialae) :(£) i

Parameter Value
Number of Trees (n, estimators) 100
Maximum Tree Depth (max, depth) 200
Features per Split (max, features) 1.0

Metric Training Value Testing Value

RMSE 2.9146 7.7617

MSE 8.4948 38.3378

MAPE 0.4497 0.8229

R-squared (R?) 0.9028 0.6127

Rank Variable Importance

1 RES 0.2428

2 EDU 0.1599

3 STA 0.1102

4 SEV 0.0886

5 LEX 0.0573

6 FTS 0.0495

7 GFC 0.0484

8 LPI 0.0420

9 LFP 0.0383

10 ELE 0.0325

11 URB 0.0249

12 UPG 0.0214

13 SAN 0.0201

14 FBB 0.0199

15 TER 0.0176

16 PHD 0.0166

17 MCS 0.0100
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bl IS 3 Ly pailiadl) muas aladiul ae (sive e ool Bans Byl Bia oz 3gail) Adiny
o dule 00T (gl R ae Y9 als Lyl diedl 3 RMSE 4as of ¢l clyiige el
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Node Path Conditions Predicted GDP
EDU <4.54 — STA <334.71 - UPG <242 — TER <19.80 8.26
EDU <4.54 — STA <334.71 - UPG <2.42 — TER > 19.80 9.83
EDU <4.54 — STA <334.71 —» UPG >2.42 -10.47
EDU <4.54 — STA > 334.71 — ELE < 88.50 — EDU < 4.06 18.01
EDU <4.54 — STA > 334.71 — ELE < 88.50 — EDU > 4.06 18.77
EDU <4.54 — STA > 334.71 — ELE > 88.50 — LFP < 46.19 24.52
EDU <4.54 — STA > 334,71 — ELE > 88.50 — LFP > 46.19 25.66
EDU <4.54 — STA >334.71 — ELE > 88.63 8.96
EDU >4.54 — LPI<2.18 —» GFC < 22.8%?38TA <339.36 —» ELE <90.00 — UPG < 6.41
EDU >4.54 — LPI <2.18 — GFC <22.82 — STA <339.36 — ELE <90.00 — UPG > -8.65
-0.33 — ELE < 88.51 )
EDU >4.54 — LPI <2.18 —- GFC <22.82 — STA <339.36 — ELE < 90.00 — UPG > -7.66
-0.33 — ELE > 88.51 — LPI<2.17 '
EDU >4.54 — LPI<2.18 — GFC <22.82 — STA <339.36 — ELE <90.00 — UPG > 795
-0.33 — ELE > 88.51 — LPI>2.17 )
EDU >4.54 — LPI <2.18 - GFC <22.82 — STA <339.36 — ELE > 90.00 -10.31
EDU >4.54 — LPI <2.18 — GFC <22.82 — STA > 339.36 1.68
EDU >4.54 — LPI<2.18 — GFC >22.82 - RES<111.35 — ELE < 88.65 -1.80
EDU >4.54 — LPI<2.18 - GFC >22.82 - RES<111.35 — ELE > 88.65 -7.61
EDU >4.54 — LPI<2.18 —» GFC > 22.8; 53» RES>111.35—>RES<111.56 - LPI< 935
EDU >4.54 — LPI<2.18 - GFC >22.82 - RES>111.35 - RES <111.56 — LPI > 1451
2.18 - LEX <68.31 '
EDU >4.54 — LPI<2.18 - GFC >22.82 - RES>111.35 - RES <111.56 — LPI > 12.97
2.18 - LEX > 68.31 )
EDU >4.54 — LPI<2.18 - GFC>22.82 - RES>111.35 - RES > 111.56 — EDU 791

<4.87 - LEX<70.17
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EDU>4.54 - LPI<2.18 - GFC>22.82 — RES > 111.35 - RES>111.56 — EDU 6.15

<4.87 - LEX>70.17 '
EDU>4.54 - LPI<2.18 - GFC>22.82 - RES>111.35 - RES>111.56 — EDU

> 4.87 0.89

EDU >4.54 - LPI>2.18 - TER<19.38 - UPG<1.94 - FBB<1.20 6.90

EDU >4.54 - LPI1>2.18 - TER <19.38 = UPG<1.94 — FBB > 1.20 6.79

EDU >4.54 - LPI>2.18 - TER<19.38 - UPG>1.94 - MCS <147 9.94

EDU >4.54 —» LPI1>2.18 - TER <19.38 — UPG > 1.94 — MCS > 1.47 10.83

EDU>4.54 - LPI >2.18 - TER >19.38 — LFP <40.45 — STA <308.65 1.39

EDU >4.54 - LPI>2.18 - TER > 19.38 — LFP <40.45 — STA > 308.65 -1.21

EDU>4.54 - LPI>2.18 - TER>19.38 — LFP >4045 — LEX <73.33 2.85

EDU>4.54 — LPI >2.18 - TER > 19.38 — LFP > 40.45 — LEX > 73.33 —» SEV < 4.48
103350.50 '

EDU>4.54 — LPI >2.18 - TER > 19.38 — LFP > 40.45 — LEX > 73.33 —» SEV > 505
103350.50 — LPI1 <2.48 )

EDU>4.54 — LPI >2.18 - TER > 19.38 — LFP > 40.45 — LEX > 73.33 — SEV > 519
103350.50 — LPI > 2.48 '
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Random Forest Tree Visualization
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Component Description

Original data loaded from dat.xlsx and ARDL-Ridge predictions from ardl ridge

Data Source L
predictions.xlsx

Target Variable GDP
Input Variables All columns excluding DATE and GDP (including ARDL-Ridge output)
Merged Data Merged using the DATE column
Feature Matrix (X) Data hybrid drop(['DATE', 'GDP"], axis=1)
Target Vector (y) Data hybrid['GDP']
Train-Test Split 90% Training / 10% Testing (random state=42)
Model Type Random Forest Regressor
Model Parameters N, estimators=100, random state=42
Training . . .
Predictions Rf hybrid predict (X train h)

Testing Predictions Rf hybrid predict (X test h)

Evaluation Metrics RMSE, MSE, MAPE, Rz for both train and test sets
Metric Training Value Testing Value
RMSE 3.1302 4.9197

MSE 9.7981 9.2400
MAPE 0.4168 0.6507
R-squared (R?) 0.8879 0.8490

- msa Gl e Python aad aladsuls glialdl lae) @ jaadll
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Parameter Value
Future years (forecast horizon) 6 (2024 to 2029)
Annual improvement rate 1% (applied cumulatively each year)
Improvement method Applied to all variables equally
Base data source Last observed row of actual dataset
Formula used per year Value t = Value {t-1} * (1 + 0.01)
Variables improved All independent input variables (17 total)
Year GDP Prediction Lower Bound (95%) Upper Bound (95%)
2024 0.52 -5.48 6.52
2025 0.72 -5.50 6.93
2026 111 -5.74 7.97
2027 1.12 -5.74 7.97
2028 0.99 -5.94 7.92
2029 0.96 -5.98 7.90
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