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0ABSTRACT o

This study aims to forecast economic growth and GDP per capita growth using
the XGBoost model within an annual time-series framework for the period 1961-2023.
The analysis begins with descriptive statistics and visual inspection of both series,
followed by diagnosing temporal dependence through the autocorrelation and partial
autocorrelation functions to motivate the use of multiple lagged features. The data are
then reformulated as a supervised learning problem by constructing a time trend and
shared lag structures for both variables. A strict time-based split is applied, with 1961
2018 used for training and 2019-2023 for testing. Model hyperparameters are tuned
via time-series cross-validation and randomized search, while early stopping is
employed to mitigate overfitting. The results show that XGBoost substantially
outperforms a simple benchmark model in forecasting accuracy for both economic
growth and GDP per capita growth, as evidenced by improvements in mean squared
error, root mean squared error, mean absolute percentage error, and the coefficient of
determination, with statistically significant differences in predictive accuracy. Finally,
the study produces forecasts through 2030 and reports uncertainty intervals obtained
from residual-based simulation, supporting scenario-based planning and policy
analysis in the Syrian context.

Keywords: Economic growth; GDP per capita growth; XGBoost Model; Uncertainty
intervals.
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t x = argmin, RMSE_val(t)
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jb_p_value

jarque_bera | kurtosis skew std max min median mean count

)

8.848021 | 1.825577 9.892104 | 25.79577 | -26.339 | 3.954832 | 3.514246 63

0.47012

GDP%
gaill
gLy

5.508594 | 1.55018 8.925113 | 21.62956 | -25.956 | 0.644012 | 0.843724 | 63

0.28676

PCGDP%
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Series Tes_t Ph||||ps-P_er_ron 1% level | 5% level | 10% level | Prob. Order 9f
Equation test statistic Integration
GDP Intercept -5.842317 -3.544284 | -2.910860 | -2.592155 | 0.0001 1(0)
PCGDP Intercept -4.967451 -3.544284 | -2.910860 | -2.592155 | 0.0008 1(0)

(()Gake) ool cliadd il — Python 3.11 galin alasiuls caaldl slae) ¢ jvadll
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Best CV
Target Best hyperparameters score (neg
RMSE)

Best

iteration Lag feature gain

Year trend =
141.780258
GDP_lagl =
171.778885
GDP_lag2 =
125.357132
GDP_lag3 =
176.225723
subsample=0.6 reg_lambda=1.5 reg_alpha=0.01 GDP_lag4 =
n_estimators=900 min_child_weight=6 195.140442
max_depth=5 learning_rate=0.01 gamma=0.0 -0.772360 8 GDP_lags =
colsample_bytree=1.0 135.943573
PCGDP_lagl =
116.746162
PCGDP_lag2 =
141.228348
PCGDP_lag3 =
157.325775
PCGDP_lag4 =
70.121193

GDP
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PCGDP_lag5 =
164.097046

PCGDP

year_trend =
110.237000
GDP_lagl =
136.682236
GDP_lag2 =
101.924118
GDP_lag3 =
128.477600
GDP_lag4 =
subsample=0.6 reg_lambda=1.5 reg_alpha=0.01 144.769287
n_estimators=900 min_child_weight=6 GDP_lag5 =
max_depth=5 learning_rate=0.01 gamma=0.0 -0.741333 251 95.220718
colsample_bytree=1.0 PCGDP_lagl =
92.024788
PCGDP_lag2 =
97.752609
PCGDP_lag3 =
107.872421
PCGDP_lag4 =
64.921776
PCGDP_lag5 =
121.896782
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Saiilly G:’M‘ andi ¥—£—Y
saill Jiad ARIMA(L,1) g asais Naive(t—1) ) g agaill Z.bu..a XGBoost g igal ol Clpdha .t ad) Jssa
484 (34,8 A Diebold—Mariano JLis) ae 280 quai gai Jirag gabai®y)

P value DM stat R2 MAPE MSE RMSE Model Variable

0.7582 | 4.2503 | 3.424130 | 1.515807 XGBoost GDP

0.5214 | 6.3847 7.205014 | 2.684215 ARIMA(1,1) GDP

0.2798 | 8.1122 | 14.047763 | 3.745784 Naive t-1 GDP

0.6796 | 5.1319 | 5.981865 | 2.445786 XGBoost PCGDP

0.4473 | 6.9428 | 13.092124 | 3.618442 ARIMA(1,1) PCGDP

0.2287 | 8.0855 | 26.023711 | 5.101344 Naive t-1 PCGDP
XGBoost vs.

0.015246 | 3.884271 ARIMA(1,1) GDP
XGBoost vs.

0.009377 | 4.690135 Naive_t-1 GDP
XGBoost vs.

0.007184 | 4.527813 ARIMA(L,1) PCGDP
XGBoost vs.

0.003522 | 6.161521 Naive_t-1 PCGDP
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DATE fofefézst GDP_low 5 | GDP_high_95 | PCGDP forecast | PCGDP_low 5 | PCGDP_high 95
2024 | 0492189 | -6.27033 | 6.777729 -1.19666 -7.33038 5.060506
2025 | -043883 | -7.39944 | 6.062538 11.98433 -8.27394 4.047124
2026 | 0525887 | -8.14192 5.12478 11.42098 -9.33689 3.226191
2027 | 0801893 | -7.21669 | 6.308091 20.96212 8.02395 4884781
2028 | 0792387 | -7.98351 5.86448 -1.58756 -8.81655 4.051497
2029 | 219289 9.217 4812623 10.46238 -9.50554 3.253821
2030 | 0357809 | -8.97955 | 5.102749 219277 -9.25517 3.902885
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DATE GDP PCGDP
1961 10.83306 | 7.565566
1962 245213 | 20.90885
1963 -8.65275 | -11.3541
1964 9.271364 | 5.981871
1965 2.299374 | -0.82837
1966 -7.65907 -10.52

1967 8.257683 | 4.870754
1968 3.72908 | 0.457908
1969 18.76792 | 14.99006
1970 -1.79685 -4.9588
1971 8.955815 | 5.364436
1972 25.66072 | 21.46474
1973 -10.4699 | -13.4409
1974 25.79577 | 21.62956
1975 16.35158 | 12.46715
1976 12.25445 | 8.478475
1977 -1.79952 | -5.11532
1978 9.94259 | 6.236264
1979 0.887989 | -2.47983
1980 14.50812 | 10.72742
1981 7.755344 | 4.235028
1982 2.789087 | -0.56461
1983 2.32034 -1.11242
1984 -7.61063 | -10.7951
1985 9.350807 | 5.571121
1986 -7.95293 | -11.1083
1987 1.682282 -1.7647
1988 18.01114 | 14.07144
1989 -13.6473 | -16.4607
1990 3.739556 | 0.439573
1991 7.666468 | 4.33538
1992 12.97279 | 9.556743
1993 6.150896 | 2.995266
1994 7.213029 | 4.097452
1995 7.02659 | 4.037551
1996 9.825569 | 6.890889
1997 5.023805 | 2.302846
1998 6.785305 | 4.065989
1999 -3.55345 | -5.97618
2000 0.675643 | -1.80422
2001 1.047287 | -1.40284
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2002 3.954832 | 1.473282
2003 7.204435 | 4.681742
2004 6.902959 | 4.293599
2005 6.215078 | 3.520952
2006 5.046196 | 0.644012
2007 5.674592 -0.6358
2008 4.476673 | 0.843364
2009 5.912043 | 4.271553
2010 5.191906 | 2.826971
2011 2.850003 | 1.071211
2012 -26.339 -25.956
2013 -26.3001 | -22.5828
2014 -10.3103 | -4.14664
2015 -4.17979 | 0.008465
2016 -6.40559 | -5.28022
2017 -0.72328 | -0.88251
2018 1.393176 | -0.43592
2019 1.220705 | -2.63689
2020 -0.69715 | -3.98011
2021 1.854216 | -0.87433
2022 0.732781 | -3.00435
2023 -1.20726 | -4.12099
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