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Context:  Models are useful for addressing operational environmental issues, but they are often complex to 

handle, based on a mixture of physical equations and empirical methods, and depending on a large set of 

parameters.  

 

Objectives / scientific questions:  This project aimed at proposing relevant surrogate methods to some of the 

environmental modeling characteristics: mixed qualitative and quantitative variables, dynamic variables, 

correlated inputs, etc. The approach focused on the water and pesticide transfer BUVARD model. The first issue of 

this work consisted in finding the best metamodeling techniques to represent BUVARD, accounting that it 

depends on a mixture of qualitative and quantitative variables. The second issue of this work was to show by 

many practical applications that a surrogate model can be used in decision-making, and in this case that it helps 

the user to design its filter on his site (soil type and rainfall event) and to account for uncertainty. 

 

Main results: Vegetative filter strips are grassed features that filter pesticides outgoing from the field by surface 

runoff, before their transfer to the river. The BUVARD model was developed for operational purposes, to simulate 

their processes and to design them. The tool is composed of several hydrological models depending on 

quantitative variables (slope, water table depth, etc.) and qualitative variables (rainfall event, soil type) and gives 

an optimal size according to the buffer efficiency to retain pesticides and water fluxes (Fig.1). However, the model 

was too complex to be used for decision-making. In this project, a model reduction approach was proposed to 

ease the use of BUVARD and help users designing of VFS adapted to specific contexts with much less parameters 

than the original model to fill in (6 vs more than 70). Different surrogates were compared: a linear model, an 

additive one and a gaussian process regression model (kriging). We showed that kriging, implemented with a 

covariance kernel for a mixture of qualitative and quantitative inputs, outperforms other metamodels.  

We also showed that at a very low cost the metamodel of BUVARD allows to perform uncertainty and sensitivity 

analysis, but also to test the probability of failure considering a one-fits-all governmental rule (i.e. , when a unique 

size of the filter is recommended, whatever the local conditions). The study showed that the metamodel is able to 

perform simulations as relevant as a physically-based model to help sizing vegetative filters strips, and to consider 

large amount of simulations at low cost. 

Another study in this project focused on Root exudates modeling. These are believed to play a key role in 

microbial activity in treatment wetlands for wastewater. A root analog system using hollow fiber membrane has 

been designed to mimic how root exudates interact with the biofilm growing on it. The aim of the surrogate 

model was to quickly provide a reliable estimate of the flow crossing the membrane. 
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Fig.1: Sizing method flowchart of BUVARD 

modeling toolkit 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Comparison between Runoff Ratio from the model and from the 

metamodel accounting for qualitative variables (6 VFS soils and 4 rainfall 

types) with 3 different surrogate methods  

As shown on Fig. 2, linear model, generalized additive model and adapted kriging were tested on the output 

variable runoff_out/incoming_runoff of the BUVARD tool. The model output vs the metamodel ouput are 

compared on the learning sample (top panels) and on the test sample (bottom panels). Kriging was adapted to 

qualitative variables considering different kernels, essentially products of Matern kernel for quantitative inputs 

with correlation kernels for qualitative variables based on several correlation functions (isotropic, product or 

anisotropic). These methods all gave very good Q2 superior to building one metamodel per qualitative variable 

(from 0.95 to 0.96), although showing issues on the extreme values of the ratio (close to 0 and close to 1). The 

metamodel is a simple way for optimizing the design of the pollution reduction device. Besides, thanks to the 

metamodel, the user can visualize the impact of irreducible uncertainty on the filter efficiency.  

Future of the project: Our future work will consist in quantifying uncertainty by a global sensitivity analysis and 

resolving the optimization problem integrating these uncertainties (what is called a robust optimization problem). 

Another important research topic is metamodeling with functional input variables. Up to now, we used in both 

applications integrated variables, although the physical system evolves with time, and most environmental 

models contain true dynamics. This could be interesting to consider and to model the intermediate temporal 

outputs to improve global surrogate quality. Other methods have not been tested yet and could be explored 

considering that issue, such as Polynomial Chaos or Random Forest. 
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