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Time-Varying Relationship between Trade Openness and
Economic Growth: Evidence from Regularized Rolling—Window
Regression
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Abstract

This study applies an adaptive shrinkage estimator combining L1 and L2 penalties within a ten-year rolling-window
framework to analyze the time-varying relationship between trade openness and economic growth. Adaptive weights
derived from a first-stage fit limit overfitting in short and noisy windows. Estimating 5,519 country-period coefficients
from a World Bank WDI panel of 126 countries over 64 years (1961 -2024), we find that the trade-growth
relationship varies substantially across periods and countries: the mean coefficient rises markedly from the 2010s
onward, with pronounced heterogeneity across continents and individual economies. Given the single-regressor
specification, the coefficients are conditional associations rather than causal effects. The findings show that combining
regularized machine learning with rolling-window estimation effectively extracts time-varying relationships from
large-scale panel data.
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Table 1. Summary of overall estimation results

Statistic Value
No. of observations 5519
No. of countries 126
Period (End Year) 1970 - 2024
Mean coefficient 0.0574
Std. dev. 0.2775
Median 0.0000
Min —3.0000
Max 2.3210
t-statistic (Ho: mean = 0) 15.354
Sig. rate (5%) 18.5%
Sig. rate (10%) 25.6%
Mean R? 0.163
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Trade-Growth Nexus: Rolling Window AEN Coefficient
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Fig. 1. Temporal trend of global mean trade-growth
coefficient
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Table 2. Coefficient trends by decade

) Sta. - |Sig. rate
Period N Mean dev. Median 5% (%)
1970s 645 | 0.0221 | 04179 | 00000 | 153
1980s 881 | 0.0177 | 0.2989 | 0.0000 | 184
1990s 969 | 0.0418 | 0.2931 | 0.0000 | 173
2000s 1,180 | 0.0411 | 0.2253 | 0.0000 | 220
2010s+ | 1,844 | 0.1072 | 02131 | 00391 | 180
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Table 3. Estimation results by continent

Std. _|Sig. rate
dev. B9 50, (o
Africa 36 [1,636]0.045]0.281]0000| 175

Asia 32  [1,359]0028 | 0276 | 0.000 | 182

Continent |Countries| N | Mean

Europe 34 [1,26710083]0212]0020| 190

N. America 10 536 [ 0.075]| 027710017 | 194

Oceania 3 136 | 0.012 | 0.205] 0.000 | 294

S. America 11 585 10.101 | 0.382 | 0.061| 17.3
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Table 4. Top and bottom 10 countries by mean coefficient

Rank Top Mean Std. N Bottom Mean Std. N
country dev. country dev.
Croatia Argentina|

1 (HRV) 0.37010.229| 21 (ARG) 0.327]0.759| 55
Russia Morocco
2 (RUS) 0.34110.327| 26 (MAR) (.188]0.498| 49

Sudan

Kuwait

3 (SDN) 0.281(0.497| 55 (KWT) —0.165|0.568| 44
Colombia Gabon

4 (oL 0.259|0.414| 55 (GAB) (0.163|0.485| 55
Latvia Greece

5 (LVA) 0.246|0.167| 21 (GRO) (0.138/0.333| 55
Papua
Cameroon New

6 (CVR) 0.230]0.303] 51 Guinea 0.135/0.282| 35
(PNG)

Syria Somalia|

7 (SYR) 0.213]0.276| 53 (SOM) 0.132]0.215 34
Venezuela China

8 (VEN) 0.210{0.309| 55 (CHN) 0.113|0.759 55
Ukraine Korea,

9 (UKR) 0.19610.252| 27| Rep. | —0.095]0.250| 55
(KOR)
Peru United

10 0.195|0.375| 55| States | —0.077|0.277| 46
(PER) (USA)
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Fig. 4. Heatmap of trade-growth coefficient by country and period
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Table 5. Comparison of estimation results by window size

W| N Mean Std. dev. | Median | Zero %
51 6,149 | 0.0829 0.5589 0.000 300
10| 5519 | 00574 0.2775 0.000 312
15| 4,889 | 0.03% 0.18% 0.000 338
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Table 6. Comparison of estimation results by regularization
parameters

Setting N | Mean |Std. dev.|Median|Zero %
a=0.1 5519(0.0704 | 03075 | 0.041 | 147
a=05 (default) |5519]0.0574| 02775 | 0.000 | 31.2
a=1.0 5519(0.0471| 02523 | 0.000 | 420
p=0.2 5519(0.0592| 02798 | 0.014 | 20.3
p=0.8 5519]0.0553| 02752 | 0.000 | 384
y=05 5519(0.0669 | 0.2848 | 0.038 | 153
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