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 11 

Highlights 12 

 New probe for high frequency in situ monitoring of dissolved organic matter fluorescence in urban 13 
rivers 14 

 Utilization of radar rainfall data and delimitation of urban watersheds to estimate pollutant 15 
loadings 16 

 Indicator of hydro-meteorological conditions for pollution early-warning 17 
 18 

Introduction 19 

Urban rivers provide multiple ecosystem services, such as drinking water abstraction, recreation, etc. 20 
However, in urbanised areas, surface runoff and wastewater misconnections to the stormwater network, 21 
during rainfall episodes lead to pollution of the receiving waterbodies (Suslovaite et al., 2024; Tryland et al., 22 
2011). New high-frequency monitoring methods have been developed to assess pollutant loading. They 23 
include measurements of fluorescent dissolved organic matter (FDOM). As part of the European research 24 
project FORBATH, new in situ FDOM sensors have been deployed in urban rivers, in the Paris region. The area 25 
of the urban sub-catchments contributing to the pollutant loading of the river was delineated. Relationships 26 
between the FDOM data, spatialized rainfall height and other environmental variables were investigated.  27 
The main explanatory variables were identified. The aim of the paper is to present how the dimensionality 28 
of the dataset was reduced to a single indicator, explaining the peaks and duration of contamination events. 29 
 30 

Methodology 31 

Urban watershed delimitation 32 
The delimitation of the contributing catchment area is essential for estimating the amount of rainwater that 33 
flows through a drainage network before being discharged into the river. In densely urbanised areas, such as 34 
the Île-de-France region, it is necessary to take into account the stormwater network (Braud and Branger, 35 
2022; Respaud-Médous, 1999). An existing methodology (Braud et al., 2011) originally developed for a 36 
catchment area of 4.1 km2, was adapted to cover a much larger catchment area of 88 km2 in the present 37 
study. Data from a digital terrain model, land use, hydrography, and local urban plans for sewage network 38 
details were gathered. The step-by-step process includes restricting the study area to topographic 39 
watersheds, determining slope directions, overlaying sewage network maps, and identifying drainage areas 40 
based on stormwater discharge locations. 41 
 42 
Spatialised rainfall 43 
Rainfall radar data from the Trappes meteorological station (Météo-France) have been calibrated using 44 
Météo-France and Seine-Saint-Denis rain gauges. Corrections for blocked beams have been made. The 45 
processed radar data provide the rain height with a five-minute time step over pixels around 0.2 km2. This 46 
spatial dataset is then recomposed into time series of mean rain height over each urban sub-watershed with 47 
a one-hour time step.  48 
 49 
 50 
Event-based approach 51 
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The periods of interest were classified into two types: dry periods with minimal precipitation and rainy 52 
periods with important precipitation. The full extent of the meteorological events and their hydrological and 53 
contamination impacts was considered.  The total event period, 𝑇𝑒𝑣𝑒𝑛𝑡, was defined by the rain period, 𝑇𝑟𝑎𝑖𝑛, 54 
extended by 𝑇𝑒𝑥𝑡𝑒𝑛𝑑 to cover the peak contamination, which generally occurs after the rain has stopped. This 55 
comprehensive approach includes the FDOM rise and fall to the baseline during a contamination episode 56 
(see Figure 1). 57 

 58 
Figure 1 - Schematic definition on an event duration based on rainfall and FDOM intensity data 59 

From the timeseries, corrected and synchronized (see Figure 2, step ①) , an event can be defined according 60 
to its meteorological and hydrological characteristics (see Figure 2, step ②). 61 
 62 
Construction of a single explanatory variable  63 
Two approaches were used to reduce the dimensionality of the data. First, the most important explanatory 64 
variables were identified using principal component analysis (PCA). The latter variables were then 65 
transformed into a single indicator using a non-linear statistical algorithm. Two nonlinear dimensionality 66 
reduction manifold algorithms were applied and compared (see Figure 2, step ③). 67 

 68 
 Figure 2 – Event-based approach for reducing dataset dimensionality flowchart   69 

Case study 70 

The study site is a stretch of the Marne river, close to its confluence with the Seine river (Figure 3). An FDOM 71 
sensor, developed by NKE Instrumentation, has been deployed at point J (Joinville-le-Pont) since October 20th 72 
2023. Point J is located 2.5km upstream an in stream bathing site planned to be open in 2025 as Paris 73 
Olympics and Paralympics games legacy. Other variables, temperature, dissolved oxygen, conductivity, 74 
ammonium, nitrates are also measured at the same point at a 20-minute time step.  75 
  76 
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Results and discussion 77 

The watershed upstream of the monitoring point (point J) was delimited. It covers 88 km², 19 km of the 78 
Marne river and it includes 34 stormwater outlets (Figure 3). This area has been divided into sub-urban 79 
watersheds where the mean spatial rainfall has been computed as illustrated in Figure 1.  80 
 81 

 82 
Figure 3 - Map of the delimited urban watershed and rain water outlet or WWTP outlet along the Marne river 83 

As shown in Figure 4 the FDOM signal and rain data are generally related, with higher FDOM signals 84 
corresponding to higher rainfall. This supports the hypothesis that the sensor correctly detects storm water 85 
discharges. The time between maximum rain intensity and peak FDOM varies from 1 to 10 hours, depending 86 
on the spatial distribution of the rain. Likewise, the intensity of the FDOM peaks varies between 1000 and 87 
2000 arbitrary units. Focusing on these spatio-temporal variations in rainfall and FDOM, and characterizing 88 
each event, make it possible to evaluate the impact of sub-urban watersheds on water quality in the Marne 89 
river.   90 

 91 
Figure 4 - FDOM Signal and Rain over sub-urban watershed data for the period of October 19, 2023 to November 15, 2023 92 
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Conclusions and future work 93 

The final aim is to provide an adaptive and easy to implement indicator for water managers. The single hydro-94 
meteorological index proposed in this paper can be used as a warning indicator of an episode of 95 
contamination. Based on the link between meteorological characteristics and contamination episodes, the 96 
method is useful for targeting field measurement under extreme rain events. Finally, the developed method 97 
may be adapted to identify urban sub-catchments most likely to contribute to a contamination episode.  98 

 99 
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