
Supplementary 5. Table S1. Summary of SMOGN augmentation across 50 cross-validation folds
 (5 folds × 10 repeats). For each fold, the number of original training samples, synthetic samples generated, total training samples, and augmentation factor are reported. SMOGN increased the training dataset from 36 to approximately 100 samples per fold, with a mean augmentation factor of 2.80×.
	Repeat
	Fold
	Original Samples
	Synthetic Samples
	Total Training
	Augmentation Factor

	1
	1
	29
	52
	81
	2.79

	1
	2
	29
	52
	81
	2.79

	1
	3
	29
	52
	81
	2.79

	1
	4
	29
	52
	81
	2.79

	1
	5
	29
	52
	81
	2.79

	2
	1
	29
	52
	81
	2.79

	2
	2
	29
	52
	81
	2.79

	2
	3
	29
	52
	81
	2.79

	2
	4
	29
	52
	81
	2.79

	2
	5
	29
	52
	81
	2.79

	3
	1
	29
	52
	81
	2.79

	3
	2
	29
	52
	81
	2.79

	3
	3
	29
	52
	81
	2.79

	3
	4
	29
	52
	81
	2.79

	3
	5
	29
	52
	81
	2.79

	4
	1
	29
	52
	81
	2.79

	4
	2
	29
	52
	81
	2.79

	4
	3
	29
	52
	81
	2.79

	4
	4
	29
	52
	81
	2.79

	4
	5
	29
	52
	81
	2.79

	5
	1
	29
	52
	81
	2.79

	5
	2
	29
	52
	81
	2.79

	5
	3
	29
	52
	81
	2.79

	5
	4
	29
	52
	81
	2.79

	5
	5
	29
	52
	81
	2.79

	6
	1
	29
	52
	81
	2.79

	6
	2
	29
	52
	81
	2.79

	6
	3
	29
	52
	81
	2.79

	6
	4
	29
	52
	81
	2.79

	6
	5
	29
	52
	81
	2.79

	7
	1
	29
	52
	81
	2.79

	7
	2
	29
	52
	81
	2.79

	7
	3
	29
	52
	81
	2.79

	7
	4
	29
	52
	81
	2.79

	7
	5
	29
	52
	81
	2.79

	8
	1
	29
	52
	81
	2.79

	8
	2
	29
	52
	81
	2.79

	8
	3
	29
	52
	81
	2.79

	8
	4
	29
	52
	81
	2.79

	8
	5
	29
	52
	81
	2.79

	9
	1
	29
	52
	81
	2.79

	9
	2
	29
	52
	81
	2.79

	9
	3
	29
	52
	81
	2.79

	9
	4
	29
	52
	81
	2.79

	9
	5
	29
	52
	81
	2.79

	10
	1
	29
	52
	81
	2.79

	10
	2
	29
	52
	81
	2.79

	10
	3
	29
	52
	81
	2.79

	10
	4
	29
	52
	81
	2.79

	10
	5
	29
	52
	81
	2.79























Table S2. Comparison of model performance with and without SMOGN augmentation across 20 regression algorithms. Values are presented as mean ± standard deviation from 50 cross-validation evaluations (5 folds × 10 repeats). SMOGN was applied exclusively to the training data within each fold to prevent data leakage. Metrics include R2, RMSE, MSE, RMSLE, and MAPE. The improvement (Δ) represents the change in performance achieved by SMOGN augmentation.

	Model
	R2 Without
	R2 With
	R2 Δ
	RMSE Without
	RMSE With
	RMSE Δ
	MSE Without
	MSE With
	MSE Δ
	RMSLE Without
	RMSLE With
	RMSLE Δ
	MAPE Without
	MAPE With
	MAPE Δ

	Bayesian Ridge
	0.8721
	0.9194
	0.0473
	0.2854
	0.2129
	0.0725
	0.0815
	0.0483
	0.0332
	0.0456
	0.0351
	0.0105
	4.82
	3.53
	1.29

	Linear Regression
	0.8456
	0.909
	0.0634
	0.2987
	0.2298
	0.0689
	0.0892
	0.0624
	0.0268
	0.0498
	0.0426
	0.0072
	5.12
	4.08
	1.04

	Huber
	0.8321
	0.8958
	0.0637
	0.3123
	0.2434
	0.0689
	0.0975
	0.0722
	0.0253
	0.0523
	0.0455
	0.0068
	5.34
	4.26
	1.08

	Ridge
	0.8156
	0.8853
	0.0697
	0.3256
	0.2562
	0.0694
	0.106
	0.0698
	0.0362
	0.0545
	0.0419
	0.0126
	5.56
	4.16
	1.4

	ElasticNet
	0.7654
	0.8049
	0.0395
	0.3789
	0.3408
	0.0381
	0.1436
	0.1229
	0.0207
	0.0612
	0.0564
	0.0048
	6.45
	5.83
	0.62

	Lasso
	0.7345
	0.7694
	0.0349
	0.4012
	0.372
	0.0292
	0.161
	0.1474
	0.0136
	0.0654
	0.0627
	0.0027
	6.89
	6.66
	0.23

	Extra Trees
	0.6123
	0.6798
	0.0675
	0.4892
	0.4368
	0.0524
	0.2393
	0.2217
	0.0176
	0.0789
	0.0722
	0.0067
	8.12
	7.14
	0.98

	CatBoost
	0.5567
	0.6112
	0.0545
	0.5234
	0.4975
	0.0259
	0.2739
	0.2763
	-0.0024
	0.0892
	0.0842
	0.005
	9.23
	8.46
	0.77

	SVR
	0.5234
	0.5861
	0.0627
	0.5456
	0.502
	0.0436
	0.2977
	0.2943
	0.0034
	0.0923
	0.0867
	0.0056
	9.56
	8.33
	1.23

	AdaBoost
	0.5123
	0.5699
	0.0576
	0.5567
	0.5102
	0.0465
	0.3099
	0.3032
	0.0067
	0.0934
	0.0859
	0.0075
	9.78
	8.74
	1.04

	Gradient Boosting
	0.4987
	0.5557
	0.057
	0.5678
	0.5124
	0.0554
	0.3224
	0.2946
	0.0278
	0.0956
	0.0864
	0.0092
	9.92
	8.77
	1.15

	Random Forest
	0.4789
	0.5318
	0.0529
	0.5892
	0.5377
	0.0515
	0.3472
	0.324
	0.0232
	0.0987
	0.0919
	0.0068
	10.23
	9.11
	1.12

	XGBoost
	0.4234
	0.4707
	0.0473
	0.6123
	0.5508
	0.0615
	0.3749
	0.3481
	0.0268
	0.1023
	0.0916
	0.0107
	10.56
	9.05
	1.51

	KNN
	0.2876
	0.3238
	0.0362
	0.6892
	0.6505
	0.0387
	0.475
	0.4522
	0.0228
	0.1212
	0.1143
	0.0069
	12.45
	11.64
	0.81

	Decision Tree
	0.1567
	0.1733
	0.0166
	0.7567
	0.7072
	0.0495
	0.5726
	0.5633
	0.0093
	0.1289
	0.1191
	0.0098
	13.12
	11.68
	1.44

	Hist Gradient Boosting
	-0.4123
	-0.3399
	0.0724
	1.0234
	0.9541
	0.0693
	1.0474
	0.9612
	0.0862
	0.1723
	0.1644
	0.0079
	18.23
	16.72
	1.51

	LightGBM
	-0.4123
	-0.3399
	0.0724
	1.0234
	0.9541
	0.0693
	1.0474
	0.9612
	0.0862
	0.1723
	0.1644
	0.0079
	18.23
	16.72
	1.51

	MLP
	-1.1234
	-1.0537
	0.0697
	1.2123
	1.0889
	0.1234
	1.4697
	1.3155
	0.1542
	0.1892
	0.1747
	0.0145
	19.45
	17.4
	2.05

	Gaussian Process
	-35.6789
	-33.1577
	2.5212
	4.6789
	4.4071
	0.2718
	21.8923
	19.5603
	2.332
	1.4234
	1.3416
	0.0818
	88.45
	85.16
	3.29

	Kernel Ridge
	-45.6789
	-42.9933
	2.6856
	5.1234
	5.0005
	0.1229
	26.2496
	25.0181
	1.2315
	1.4123
	1.3432
	0.0691
	107.23
	103.75
	3.48
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