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Automated modelling of urban runoff quality based on domain knowledge and equation discovery Modélisation automatisée de la qualité du ruissellement urbain basée sur la connaissance du domaine et la découverte d'équations
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Les rejets non traités de ruissellement urbain constituent une menace pour les plans d'eau naturels. Les outils de modélisation et d'aide à la décision peuvent être d'une grande aide pour analyser l'état actuel des systèmes de drainage urbain et sélectionner les mesures d'atténuation les plus appropriées. Dans ce contexte, l'un des modèles hydrologiques-hydrauliques les plus largement utilisés pour les bassins versants urbains est le modèle open source SWMM (Modèle de gestion des eaux pluviales) de l'EPA. Cependant, SWMM ne fournit pas d'étalonnage des paramètres, de comparaison de (sous-)modèles alternatifs ou d'introduction de nouvelles connaissances. Pour surmonter ces inconvénients, la modélisation automatisée basée sur la découverte d'équations peut être utilisée pour a) trouver le modèle mathématique le plus approprié parmi plusieurs alternatives pour décrire chaque processus (environnemental) modélisé et b) calibrer les paramètres du modèle par rapport aux données mesurées. Dans cette recherche, le modèle pluie-débit existant sera étendu avec un modèle de qualité de l'eau, composé de trois équations alternatives pour modéliser l'accumulation et le lessivage des polluants, permettant la recherche et le choix de la structure de modèle la plus appropriée parmi les alternatives. L'approche proposée sera appliquée à deux sites de cas à Ljubljana, Slovénie et Wetteren, Flandre, Belgique. L'utilisation de deux sites de cas avec des caractéristiques différentes (par exemple, le climat, la taille, l'utilisation des terres) nous permettra d'évaluer la robustesse et la transférabilité de l'approche proposée.

INTRODUCTION

Growing urbanization, combined with climate change consequences, i.e., more frequent and intensive rain events, puts additional pressure on existing urban drainage systems. Consequently, these systems frequently fail to effectively perform their function, resulting in pluvial floods and spills of untreated stormwater into receiving water bodies. Time has shown that untreated spills are a serious threat to the recipients, causing the mixing of low dissolved oxygen spills with the receiving waters, degradation of discharged organic matter, and delayed sediment oxygen demand.

Modelling and decision support tools can be of great assistance in analysing the current state of urban drainage systems and selecting the most suitable mitigation measures. In this context, one of the most widely used hydrological-hydraulic models of urban catchments is the open-source EPA Stormwater Management Model (EPA-SWMM) (Rossman, 2015), which supports a wide range of modelling functionalities and includes water quantity, water quality, and elements for sustainable drainage. However, SWMM does not provide parameter calibration, comparison of alternative (sub)models or introduction of new knowledge. Namely, if there are alternative mathematical models for describing the same (e.g., hydrological) process, their suitability needs to be investigated separately, which makes the modelling task even more complex, time-consuming and prone to human error. To overcome the drawbacks associated with manual calibration and manual selection of models, automated modelling based on equation discovery can be used to a) find the most suitable mathematical model among multiple alternatives for describing every (environmental) process modelled and b) calibrate the model parameters against measured data. Automated modelling using knowledge libraries of model components has been already successfully applied for modelling aquatic ecosystems, watersheds, dynamic biological systems, water-tank dynamics, rainfall-runoff and stormwater control measures (Simidjievski et al., 2022).

METHODS

Equation discovery and process-based modelling

The proposed automated modelling approach is based on the Process-Based Modelling Tool (ProBMoT), developed by Čerepnalkoski et al. (2012). ProBMoT allows for the integration of domain knowledge, formalized as template components for the construction of process-based models, into equation discovery from measured data. It automatically identifies both the structure and parameter values of an appropriate process-based model, given: (a) a knowledge library (i.e., a mathematical formulation of the selected domain) in the form of model components, or, more specifically, template entities and processes, (b) a conceptual model of the observed system, and (c) measurements (Figure 1). Candidate model structures are generated from the knowledge library and a user-specified conceptual model of the observed system. The candidate models are transformed into a set of algebraic and/or ordinary differential equations. The resulting sets of equations enter the parameter estimation subsystem, which optimizes the parameters' values by minimizing the discrepancy between the observed data and the data obtained by simulating the model. The discrepancy is calculated as the rootmean-squared error (RMSE) between the model simulation and the measured data. Differential evolution is used for estimating the parameter values. The result of the automated modelling procedure is a list of models with fully specified structure and parameter values, ranked according to their RMSE values. Lower RMSE values indicate a better fit between the simulation results and the measurements. 

Domain knowledge

Water quantity

Our rainfall-runoff model is based on the principles and equations used by the EPA Storm Water Management Model (Rossman, 2015). For the infiltration process, three alternative models were considered in this study: the SCS CN method, the Variable runoff equation, and the UK Water Industry Research runoff equation. Thus, the complete rainfall-runoff model can have different structures based on which infiltration (sub)model is selected. In addition, different infiltration (sub)models can be applied in different sub-catchments, resulting in many plausible model structures for a given catchment (Radinja, 2021).

Water quality

The existing rainfall-runoff model will be extended with a water quality model, based on the principles and equations used by the EPA Storm Water Management Model. Namely, three alternative equations for modelling pollutant build-up and wash-off will be encoded in the domain knowledge library, enabling the search for the most suitable model structure among the provided alternatives.

Case studies

The proposed approach will be applied to two case study sites in Ljubljana, Slovenia and Wetteren, Flanders, Belgium. The Ljubljana case study covers approximately 8 hectares with mixed-use (commercial and residential). An automated sampler was used to obtain samples during rainfall events (Figure 2). The Wetteren case study covers approximately 3.500 m 2 with predominantly commercial use. Water quality will be observed using continuous measurements. 

EXPECTED OUTCOMES

The existing automated model discovery approach for finding the optimal rainfall-runoff models (Radinja, 2021) will be upgraded with a water quality module. Multiple alternative equations for modelling pollutant build-up and wash-off will be encoded in the domain knowledge library, enabling the construction of all viable model structures and optimization of catchment parameters. Based on the results, the model that fits the measured data best will be identified. Using two case studies with different characteristics (e.g., climate, size, land use) will provide answers to questions about the robustness and transferability of the proposed approach.

Figure 1 :

 1 Figure 1: A schematic workflow for the automated modelling tool ProBMoT (Škerjanec et al., 2014).

Figure 2 :

 2 Figure 2: Measurements of stormwater quality for the Ljubljana case study.
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