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Different linear Transfer Functions (TFs) models are compared to the traditional non-linear Rating Curve (RC) model in a novel event-based exploratory frame. This approach aims to scrutinize for alternative representations of the stormwater TSS load dynamics at the output of a 185 Ha urban catchment, when not considering explicitly a virtual state of available pollutant mass accumulated during the dry weather and subsequently washed by rainfall (simplification of the traditional accumulation/wash-off model). The advantages of using TFs remain unproved compared to the RC model, which show more performant results in terms of parsimony and simulation uncertainties with a data-set of 255 calibration and 110 verification online-monitored rainfall events. However, unreproducible rainfall events by means of Bayesian event-based calibrations, either with RC or TFs models, remain indistinguishable as a function of their antecedent dry weather conditions or further temporal variables. This suggests that a global deterministic process potentially missed by the RC or TFs descriptions (if there is one) might not be linkable to a dry weather build-up phenomenon, as assumed by the vast majority of the accumulation/wash-off models.

INTRODUCTION

During the past 40 years, modelling the dynamics of stormwater Total Suspended Solids (TSS) loads at the outlet of urban catchments has been mainly addressed by the concept of accumulation/wash-off (see [START_REF] Sartor | Water pollution aspects of street surface contaminants[END_REF]. These model structures are based on a state variable of total available pollutant mass M [kg], accumulated during dry weather (build-up) and subsequently washed and transported by stormwater flowrate Q(t) [L/s] to the outlet of the system. However, accumulation/wash-off models frequently exhibit unsatisfactory performances when implemented in real world applications, especially with large and complex urban catchments (e.g. [START_REF] Deletic | Defining uncertainties in modelling of urban drainage systems[END_REF]. This can be explained by the non-generalizable nature of the accumulation/wash-off concept to larger scales, where a virtual state variable of available pollutant mass M representative for the entire catchment might be inexistent [START_REF] Bonhomme | Should we trust build-up/wash-off water quality models at the scale of urban catchments?[END_REF]. On the other hand, researchers have also argued about the benefits of adopting a simplified Rating Curve (RC) model [START_REF] Huber | Storm water management model; version 4[END_REF], without including explicitly the pollutant mass M process in the calculations (e.g. [START_REF] Kanso | A benchmark methodology for managing uncertainties in urban runoff quality models[END_REF]. Unexpectedly, studies testing further "inexistent M" models apart from the RC remain limited.

During the past years, there has been an increasing interest in linear Transfer Functions (TF) models into environmental sciences due to their physical interpretability [START_REF] Young | Hypothetico-inductive data-based mechanistic modeling of hydrological systems[END_REF]. Therefore, the objective of this work is to explore different "inexistent M" models (TFs and RC) aimed to simulate TSS load pollutographs [kg/s] at the outlet of the separate sewer in a 185 ha urban catchment (Chassieu, France), by means of a 2 min. time-step dataset of flow rate [L/s] and TSS load [kg/s] time series, measured from 2004 to 2011. The potential benefits of the TFs compared to RC are assessed by two novel model selection methodologies, taking into account the inter-event variability for different performance indicators in 250 calibration events (Akaike, Bayesian and Young information criterion: AIC, BIC and YIC, resp.; [START_REF] Young | Hypothetico-inductive data-based mechanistic modeling of hydrological systems[END_REF] and 110 verification events (Nash-Sutcliffe efficiency and Average Relative Interval Length: NS and ARIL, resp.; [START_REF] Vezzaro | Application of global sensitivity analysis and uncertainty quantification in dynamic modelling of micropollutants in stormwater runoff[END_REF]. Results lead to revisit some postulates of the traditional accumulation/wash-off concept.

MATERIALS AND METHODS

Transfer Functions (TFs) and Rating Curve (RC) models

A linear TF can be expressed by the following equations [START_REF] Young | Identification and estimation of continuous-time, data-based mechanistic (DBM) models for environmental systems[END_REF]: 

𝑙𝑜𝑎𝑑(𝑡) = 𝑏 0 𝑠 𝑚 + 𝑏 1 𝑠 𝑚-1 + ⋯ + 𝑏 𝑚-1 𝑠 + 𝑏 𝑚 𝑠 𝑛 + 𝑎 1 𝑠 𝑛-1 + ⋯ + 𝑎 𝑛-1 𝑠 + 𝑎 𝑛 𝑄 ( 

Model selection for an event-based approach

The model selection problem is commonly addressed by comparing the scores obtained by different candidate models, regarding a selected performance indicator PI (AIC, BIC, YIC for calibration data or NS, ARIL for verification data). This distinction is made as NS and ARIL are prone to report overestimated performances when calculated with calibration data (overfitting). In addition, AIC, BIC and YIC in verification tend to over-penalize the prediction capacity of models with a higher number of parameters. The PI indicators are evaluated for the following j = 1: num_str candidate model structures: RC (with 2 parameters) and TFs (n poles, m zeros)

[0,0], [1,1], [2,1], [2,2], [3,2], [3,3]
(with 1, 3, 4, 5, 6 and 7 parameters), i.e. num_str = 7. The PI scores are assessed comparing the observed and simulated TSS load pollutographs on an event basis, using rainfall events i = 1:255 for calibration and i = 256:365 for verification. Specifically, the AIC, BIC and YIC indicators are computed for each calibration event by means of the optimal value (max. likelihood) and uncertainty of θi, obtained from a Bayesian event-based calibration (local to event i). The PI scores (i.e. NS or ARIL) for verification events are computed from a global estimation of θ, provided by a group of representative θis obtained in calibration (i.e. Bayesian event-based calibrations with NS > 0.8). For this purpose, each verification event is simulated by propagating the parametric uncertainties given by the global estimation of θ, leading to obtain the mean and uncertainty bounds of the simulated pollutograph.

Indeed, the model with the highest (or lowest) score of PI might be different from one event to another, under this event-based analysis. Therefore, two methodologies are proposed for selecting a single model among the different candidates, given the inter-event variability:

-Approach of selection 1 (S1): by using an ANOVA or Kruskal-Wallis (for non-normally distributed groups) statistical test. verification). This number of victories should be higher than the number of victories that might be obtained by chance. For a binomial distribution and a 95 % significance level, this threshold is of 48 victories for cal. (255 events) and 23 for ver. (110 events), given that the probability of winning by chance for a model is 1/num_struc = 1/7. Kruskal-Wallis test (as groups are non-normally distributed) reported strong enough statistical evidence (p-value < 0.05) that the AIC and YIC indicators for the RC model are significantly lower than for the TFs with the calibration data-set (black rows and columns in Figure 1a,c). This finding strengths the complementariness of the proposed indicators (AIC, BIC and YIC), as e.g. analyses are not conclusive regarding exclusively the BIC (Figure 1b). One can conclude from this S1 approach in the calibration stage that RC is a promising model structure, which offers a suitable balance between performance, number of parameters and parametric uncertainties (NS > 0.6 for about 70 % of the event-based calibration). No particular conclusions can be drawn from comparing the different TFs results.

RESULTS AND DISCUSSION

The S2 analysis confirmed the results obtained for the RC model by the S1 approach for the calibration data-set. This model is found to be successful more times ( 220) than what can be attributed to randomness regarding the AIC and YIC indicators (48 victories, for a significance level of 95 %).

Therefore, the RC model can be a reasonable recommendation in case verification analyses are unfeasible.

Approach S1 and S2 for verification: ARIL and NS

A Kruskal-Wallis test (non-normally distributed groups) brings evidence that the ARIL values for the RC model in verification data are significantly lower than for most of the TFs (p-value < 0.05) (ARILs of about 400 % and 800 %, resp.). No particular conclusions can be drawn from the results regarding comparisons of the NS values in verification, as the performances for all model structures are very similar (NS about 0.5). The S2 approach did not bring evidence towards recommending a best model from the analyzed model structures in verification, regarding the ARIL or NS indicators. From the obtained results, the advantages of using TFs including e.g. information from previous time-steps in the calculation of the load dynamics (Eq 1) remains unproved compared to the RC model. On the other hand, the RC model by itself can be still considered as unsatisfactory in verification (NS and ARIL of about 0.5 and 400 %, resp.), suggesting the lack of a key process in the model structure. However, this 

  𝑡) Eq 1 where s = d/dt is the derivative operator, Q(t) [L/s] is the hydrograph and load(t) [kg/s] is the TSS load pollutograph, both at the outlet of the catchment. A model structure TFn, m for this type of TFs models is defined from a pair of n poles and m zeros, including the parameters θ = [a1, .., an, b0, …, bm]. The non-linear RC model can be expressed as load = 𝑀 0 • 𝑄(𝑡) 𝑟 with the parameters θ = [M0, r].

Figure 1

 1 Figure 1. p-values of Kruskal-wallis test for comparisons of groups mean(PI1:255, j) = mean(PI 1:255, ≠j) for all j = 1:num_str in calibration, with PI: a) AIC b) BIC and c) YIC.

  is significantly higher (or lower, if PI should be min.) than the inter-event mean for the other model structures, i.e. PI1:255, ≠j (calibration) or PI256:365, ≠j (verification) (95 % significance level).-Approach of selection 2 (S2): the model selection is based on the number of victories for a model structure j, i.e. the number of events in which: PI1:255, j > PI1:255, ≠j or PI1:255, j < PI1:255, ≠j (for max. or min. PI in calibration); PI256:365, j > PI256:365, ≠j or PI256:365, j < PI256:365, ≠j (for max. or min. PI in

The model selection consists in evaluating if the inter-event mean of a given indicator PI, i.e. mean(PI1:255, j) (calibration) or mean(PI256:365, j) (verification) calculated for a model j,

potentially missed process was found to be hardly linkable to a dry weather build-up phenomenon. The above, given that unreproducible rainfall events (NS < 0.6 in local cal.), by either RC or TFs, remain indistinguishable as a function of their antecedent dry weather period or further temporal variables. Moreover, statistical tests strengthen that the occurrence of these unreproducible events is random in time.

CONCLUSIONS

Different linear Transfer Functions (TF) models are compared to the non-linear traditional Rating Curve (RC) model, aimed to scrutinize for alternative "inexistent accumulated/available mass" representations of the stormwater TSS load dynamics at the output of a 185 ha urban catchment. The advantages of using TFs remain unproved compared to the RC model. Unsatisfactory performances for either RC or TFs are found to be independent of antecedent dry weather conditions. Therefore, a potentially missed process (if there is one) in RC or TFs descriptions might not be linkable to a dry weather build-up phenomenon, as assumed by the vast majority of accumulation/wash-off models.