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Overview: In this submission, I will adapt the optimized Gradient Boosting model developed for Urban Air Quality Health Risk to a new case, Water Quality Monitoring. The report describes the adaptation strategies, the logic for modifying the model from regression to multi-class classification.


A1. Adaptation Strategies, Domain Requirements, and Constraints

The tuned Gradient Boosting model with Randomized Search was designed to predict Health Risk Score from weather, pollutants variables. To adapt this model for water quality monitoring, we need to carefully develop a strategy with different data characteristics, domain specific standards and real world constrains.

Adapting Strategy:
First, the core pillar of the strategy would be reframing the prediction task from a model that predicts a continuous score (HealthRiskScore) to a new adapted model that classifies each water sample into three categories; Potable, Non- Potable or contaminated. Second, would be replacing the input feature set with water quality parameters, based on measurable chemical and physical indicators. The input features from the original model, such as Heat Index and Humidity, are replaced with domain-relevant water quality variables including pH level, turbidity, dissolved oxygen concentration, nitrate levels, total dissolved solids (TDS), and the presence of chemical contaminants such as lead, arsenic, and coliform bacteria. These parameters are standard indicators used by environmental agencies to assess drinking water safety [1].


Domain-Specific Requirements:
Water quality monitoring is governed by strict, legally enforced frameworks like Safe Drinking Water Act (SDWA) and Clean Water Act(CWA), that impose specific technical requirements [2]. Therefore, the adapted model must be able to ingest data from multiple collection sources, such as treatment plants, distribution pipelines or even natural water bodies. Additionally, the adapted model must be capable of near real time inference, as contamination events can escalate rapidly and require immediate response. In case of contamination, interpretability is as important and it plays critical role explaining to water operators and public health official why the model flagged a sample as Contaminated, not just that it did. This makes the built-in capability of the adapted Gradient Boosting model, Feature Importance especially valuable in this domain, as it shows which feature most influenced a prediction [3].

Constrains:
Working with water quality data comes with a number of real-world challenges and constraints. Due to the rarity of the contamination events, the model classifier can easily become biased toward majority class unless resampling and adjusting class weights are used during the training to make sure critical cases are still detected, even if it’s rare occurrence. Another issue, imbalanced data, for example, Water monitoring networks rely on instruments that can fail, drift out of calibration, or produce gaps because of communication problems, especially in rural or hard-to-reach locations [4]. Finally, any AI solution must fit within the established regulatory frameworks such as in the U.S. Safe Drinking Water Act (SDWA) or Water Frameworks Directive in Europe, and relevant state-level regulations, which may restrict automated decision-making without human oversight in public health contexts [5].





B. Resources

[1] What’s in the Water? | NPS
https://www.nps.gov/common/uploads/teachers/lessonplans/Indicators%20of%20Water%20Quality%20Presentation.pdf 

[2] Drinking Water Regulations| EPA
 https://www.epa.gov/dwreginfo/drinking-water-regulations 

[3] Predicting stream water quality under different urban development pattern scenarios with an interpretable machine learning approach | ScienceDirect
https://www.sciencedirect.com/science/article/abs/pii/S0048969720375884?via%3Dihub 

[4] The importance and challenges of monitoring water quality | SVAN 
https://www.svan.in/resources/articles/the-importance-and-challenges-of-monitoring-water-quality 

[5] Safe Drinking Water Act Compliance Monitoring | EPA
https://www.epa.gov/compliance/safe-drinking-water-act-compliance-monitoring 
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