Supplementary Material S1
Sustainable and Explainable Machine Learning for Risk-Based Maintenance Prioritization of Airport Stormwater Pipe Networks 
S1. Purpose and Scope
This supplementary material documents the scenario-based dataset, variable coding, maintenance-priority assumptions, model-performance results, and SHAP feature-importance values used to demonstrate the proof-of-concept analytical workflow presented in the manuscript. It is provided to make the demonstration transparent and reproducible without disclosing confidential infrastructure inspection records.
S2. Important Data Disclosure
Important: The numerical values in this supplementary dataset are synthetic/anonymized engineering assumptions created for the proof-of-concept scenario. They are not direct measurements from the infrastructure owner's confidential inspection database. The scenario was constructed to preserve representative engineering patterns discussed in the case study, including infiltration, hydraulic deficiencies, structural defects, connection issues, and liner deterioration.
Accordingly, the model-performance values and SHAP results reported here should be interpreted as a demonstration of the proposed analytical framework rather than as a universally calibrated production model.
S3. Scenario Construction and Coding
The proof-of-concept dataset contains 21 anonymized pipe segments. Pipe diameter is represented in inches. Five condition indicators are coded on an ordinal severity scale from 0 to 3, where 0 indicates no observed condition, 1 indicates a minor condition, 2 indicates a moderate condition, and 3 indicates a severe condition. The scenario values were selected to create a range of maintenance conditions suitable for demonstrating multiclass maintenance prioritization.
A weighted risk score was used only to support creation of the scenario target classes. The score was calculated as: Risk Score = 0.34(Infiltration Severity) + 0.24(Hydraulic Deficiency) + 0.20(Structural Defect) + 0.16(Lateral/Underdrain Issues) + 0.06(Liner Deterioration).
Maintenance-priority classes were assigned using the following scenario thresholds: Low ≤ 0.55; Moderate > 0.55 to 1.05; High > 1.05 to 1.65; and Critical > 1.65. These weights and thresholds are scenario assumptions used for the proof-of-concept demonstration and should not be interpreted as validated airport maintenance standards.
S4. Variable Definitions
	Variable
	Type
	Coding / Unit
	Scenario Interpretation
	Role

	Segment ID
	Identifier
	Anonymous label
	Anonymized pipe-segment identifier
	Index only

	Pipe Diameter
	Numeric
	inches
	Representative pipe diameter
	Predictor

	Infiltration Severity
	Ordinal
	0–3
	0 none; 1 minor staining/wetness; 2 moderate leakage/intrusion; 3 active/severe infiltration
	Predictor

	Hydraulic Deficiency
	Ordinal
	0–3
	0 none; 1 minor inefficiency; 2 moderate ponding/uneven invert; 3 severe ponding/debris/flow restriction
	Predictor

	Structural Defect
	Ordinal
	0–3
	0 none; 1 minor defect; 2 moderate deformation/cracking; 3 severe or multiple structural defects
	Predictor

	Lateral/Underdrain Issues
	Ordinal
	0–3
	0 none; 1 minor connection concern; 2 notable connection/tap issue; 3 multiple or active problematic connections
	Predictor

	Liner Deterioration
	Ordinal
	0–3
	0 none; 1 minor wear; 2 moderate deterioration; 3 severe/visible deterioration
	Predictor

	Weighted Risk Score
	Derived numeric
	dimensionless
	0.34×Infiltration + 0.24×Hydraulic + 0.20×Structural + 0.16×Lateral/Underdrain + 0.06×Liner
	Scenario label support

	Maintenance Priority
	Categorical target
	Low / Moderate / High / Critical
	Low ≤0.55; Moderate >0.55–1.05; High >1.05–1.65; Critical >1.65
	Target class


S5. Supplementary Dataset
Table S1 lists the 21 pipe-segment scenarios used in the demonstration. The weighted risk score and maintenance priority are derived from the assumptions described in Section S3.
Table S1. Synthetic/anonymized proof-of-concept pipe-segment dataset.
	Segment
	Diameter
(in)
	Infiltration
Severity
	Hydraulic
Deficiency
	Structural
Defect
	Lateral/
Underdrain
	Liner
Deterioration
	Risk
Score
	Priority

	A
	42
	0
	3
	0
	0
	0
	0.72
	Moderate

	B
	42
	1
	0
	0
	0
	0
	0.34
	Low

	C
	42
	2
	2
	1
	3
	1
	1.9
	Critical

	C.1
	36
	0
	2
	1
	2
	0
	1.0
	Moderate

	C.2
	30
	0
	0
	0
	0
	0
	0.0
	Low

	C.3
	24
	0
	0
	1
	0
	3
	0.38
	Low

	D
	42
	1
	0
	0
	2
	0
	0.66
	Moderate

	E
	39
	3
	3
	0
	3
	0
	2.22
	Critical

	F
	30
	0
	0
	0
	0
	0
	0.0
	Low

	G
	42
	1
	0
	2
	0
	0
	0.74
	Moderate

	H
	54
	1
	0
	3
	3
	0
	1.42
	High

	I
	66
	1
	3
	1
	2
	0
	1.58
	High

	J
	60
	1
	0
	0
	3
	0
	0.82
	Moderate

	K
	72
	2
	0
	0
	2
	0
	1.0
	Moderate

	L
	72
	1
	0
	0
	1
	0
	0.5
	Low

	M
	72
	1
	0
	0
	0
	0
	0.34
	Low

	N
	96
	3
	2
	0
	1
	0
	1.66
	Critical

	O
	48
	3
	0
	0
	3
	0
	1.5
	High

	P
	60
	3
	0
	0
	2
	0
	1.34
	High

	Q
	48
	2
	1
	3
	1
	0
	1.68
	Critical

	R
	42
	1
	0
	0
	1
	0
	0.5
	Low


S6. Proof-of-Concept Model Evaluation
Random Forest, XGBoost, and LightGBM were represented in the scenario analysis. Model performance was summarized using accuracy, precision, recall, F1-score, and ROC-AUC under a 5-fold cross-validation procedure. Because the scenario contains only 21 segments, the results are intended to illustrate comparative workflow behavior rather than establish generalizable performance.
Table S2. Proof-of-concept model performance using 5-fold cross-validation.
	Model
	Accuracy
	Precision
	Recall
	F1-score
	ROC-AUC

	Random Forest
	0.524
	0.516
	0.458
	0.462
	0.747

	XGBoost
	0.524
	0.413
	0.479
	0.439
	0.695

	LightGBM
	0.238
	0.113
	0.185
	0.132
	0.245


Within this proof-of-concept scenario, Random Forest provided the strongest overall performance, with an F1-score of 0.462 and ROC-AUC of 0.747. It was therefore used as the representative model for the SHAP interpretation.
S7. SHAP Global Feature Importance
Global feature importance was summarized using mean absolute SHAP values. Larger values indicate greater average influence on the model output across the proof-of-concept dataset.
Table S3. Global SHAP feature importance for the representative Random Forest scenario.
	Rank
	Feature
	Mean |SHAP|

	1
	Lateral/Underdrain Issues
	0.101503

	2
	Infiltration Severity
	0.086214

	3
	Hydraulic Deficiency
	0.067661

	4
	Pipe Diameter
	0.046430

	5
	Structural Defect
	0.029590

	6
	Liner Deterioration
	0.007924


The scenario ranks lateral/underdrain issues, infiltration severity, and hydraulic deficiency as the most influential features. Pipe diameter and structural defects have moderate influence, while liner deterioration has the lowest mean absolute SHAP value in this demonstration. These rankings are scenario outputs and should not be interpreted as universal engineering importance rankings.
S8. Relationship to the Main Manuscript
The model-performance values in Table S2 correspond to the numerical results reported in Table 2 of the manuscript. The SHAP values in Table S3 correspond to the feature-importance pattern shown in Figure 2. This supplementary material is intended to document the assumptions behind those proof-of-concept results.
S9. Reproducibility and Appropriate Use
The dataset may be used to reproduce or test the proof-of-concept workflow, compare classification methods, or demonstrate explainable-AI procedures. It should not be used as a substitute for airport-specific inspection data, for safety-critical maintenance decisions, or as a calibrated risk model without independent validation.
For application to another airport or drainage network, the input variables, severity definitions, target-labeling criteria, model hyperparameters, and validation approach should be reviewed and calibrated using local inspection records and engineering judgment.
S10. Recommended Citation in the Manuscript
Suggested Data Availability wording: "The original infrastructure inspection records used in this study are not publicly available due to confidentiality and ownership restrictions. Supplementary Material S1 provides a synthetic/anonymized proof-of-concept dataset containing the variables and scenario assumptions used to demonstrate the proposed machine learning framework."
Suggested Results wording, where needed: "The reported model-performance and SHAP results correspond to the proof-of-concept scenario dataset provided in Supplementary Material S1 and are intended to demonstrate the proposed analytical workflow."
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