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Abstract. Underwater gliders equipped with current profilers and optical turbidity sensors offer a low-energy solution for

high-resolution measurements of currents, suspended particle properties, and sediment transport in coastal waters. Because

the spatial structure of hydrosedimentary processes often changes on short time scales (hours to weeks), especially in coastal

areas, validating the distribution of glider observations is required to assess our capacity to represent hydrosedimentary pro-

cesses. Here we propose to validate in a shelf tide-dominated environment, both i) glider-based currents, and ii) glider-based5

acoustic backscatters and optical turbidities in full resolution delayed mode, using in situ colocated and synchronous ancillary

observations. The deployed glider system correctly measures the periodic pattern of the tidal current, with a satisfying RMSD

of O(3 cm s -1), demonstrating the system’s ability to accurately capture tidal variability. Glider optical turbidities highly cor-

relate with the ancillary observations (R2 up to 0.83). They also correlate well with their glider acoustic counterpart for most

of the campaign period (R2 = 0.76), allowing an estimation of suspended particulate matter concentrations from the acoustic10

measurements. In this study, we showed Hence, the glider could observe not only the presence of bottom nepheloid layers of

several mg·l-1 but also residual fluxes of the order of 1 g m-1 s-1 on the shelf. probably due to advection of coastal turbid waters

as evidenced by estimated glider sediment fluxes These results highlight the potential of gliders for quantifying sediment fluxes

and advancing our understanding of coastal hydrosedimentary processes.

1 Introduction15

To advance ocean monitoring efforts, Essential Ocean Variables (EOVs) have been identified as critical metrics for un-

derstanding energy and matter transport across the land-to-sea continuum by the Global Ocean Observing System (https:

//www.goosocean.org). In coastal regions, where rapid temporal and spatial variability governs material exchanges, EOVs like

currents and suspended particulate matter (SPM) are pivotal for sediment transport, carbon cycling, and nutrient dynamics
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(Durrieu de Madron et al., 2008). Accurate observation of these variables is essential for predicting sediment fluxes and assess-20

ing environmental changes under increasing anthropogenic and climatic pressures (Ouillon, 2018). However, capturing the full

dynamics of the water column in coastal zones, such as continental shelves, remains challenging due to the highly dynamic

nature of these environments and the limitations of traditional tools like moorings, satellites, and research vessels in providing

adequate spatio-temporal coverage.

Over the past decade underwater gliders equipped with advanced sensors—including acoustic Doppler current profilers (AD-25

CPs) and bio-optical instruments—have emerged as promising tools to address these challenges (Glenn et al., 2008; Bourrin

et al., 2015; Miles et al., 2015, 2021; Many et al., 2016; Gentil et al., 2020, 2022). These autonomous, torpedo-shaped plat-

forms are capable of diving up and down the water column by adjusting their buoyancy (Davis et al., 2002; Rudnick, 2016),

enabling them to collect high-resolution temporal and spatial data over long deployment periods. By complementing traditional

observation systems, gliders offer a unique opportunity to resolve the full water column dynamics in coastal environments.30

Despite these advancements, validating glider-derived currents, remains a challenge. The typical accuracy of glider-ADCP

measurements is about 0.05–0.1 m s-1 (Ordonez et al., 2012; Todd et al., 2017; Heiderich and Todd, 2020; Jakoboski et al.,

2020; Gentil et al., 2020), assessed using methods such as geostrophy balance, bottom tracking, or depth-averaged currents

(DACs). While these approaches are useful, they often present biases in coastal zones where numerous processes—such as

tides, internal waves, and wind-driven currents—interact and create significant spatio-temporal variability. Using in situ col-35

located and simultaneous Eulerian measurements has been shown to provide the most reliable validation of glider-derived

currents, as reported by Thurnherr (2010) and Ellis et al. (2015). This type of validation remains rare due to the difficulty in

maintaining instrumentation over the shelf, given the risks associated with intensive trawling activities (Ferré et al., 2008).

Furthermore, the above-mentioned studies have, for the most part, not been carried out exhaustively when compared to the

periodicity of the hydrodynamic forcing that drives the coastal currents being measured.40

Beyond currents, SPM plays an equally critical role in shaping sediment transport on continental shelves. Optical and acous-

tic signals are often used as a proxy of suspended particulate matter which can vary significantly with respect to particle

concentration and particle properties such as size, nature, and shape (Lynch et al., 1994). Optical turbidity for a given concen-

tration of suspended particles increases with decreasing particle size, due to both increased abundance and to light scattering

from smaller particles (Kitchener et al., 2017). ADCPs integrated into gliders operate at between 0.614 and 2 MHz, measur-45

ing the acoustic intensity of the received reflections from particles. At these frequencies, the peak sensitivity of the sensor is

comprised between 250 and 775 µm (Lohrmann, 2001), which allows to measure large particles or aggregates in suspension in

the water column. While glider-based measurements have demonstrated potential for distinguishing small and large sediment

particles (Miles et al., 2015; Gentil et al., 2020), efforts to quantify SPM concentrations and fluxes remain limited, often ham-

pered by uncertainties in sensor calibration and environmental variability. This limitation affects our ability to model to validate50

sediment transport accurately models, particularly during extreme events like especially under highly dynamic conditions such

as storms or floods.

Given the glider observation distribution in space and time, we are left with the following questions: i) Are the full-resolution

optical and acoustic observations of gliders sufficiently accurate and reliable to allow to quantify hydro-sedimentary processes
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in the coastal zone? ii) What are the processes involved in the spatio-temporal changes of particles properties in this study and55

what are the implications in terms of SPM fluxes? By addressing these questions, gliders offer the potential to not only enhance

our understanding of sediment dynamics but also provide critical data for managing and predicting coastal processes. This study

investigates the hydro-sedimentary dynamics of a tidal continental shelf using a SeaExplorer underwater glider equipped with

ADCP and bio-optical sensors. Combining glider observations with co-located moored ADCPs and rosette sampling, we aim

to validate glider-derived currents and SPM estimates over multiple tidal cycles. This approach seeks to improve the accuracy60

of sediment flux quantification in dynamic coastal environments.

The article is organized as follows: Section 2.1 Section 2 presents the field campaign while Section 3 enumerates describes

the instrumentation used. Section 4 describes details the processing methods applied to recorded data and Section 5 displays

and discusses the results obtained for currents, Suspended Particulate Matter Concentrations (SPMC) and SPM fluxes, with a

focus on the accuracy of glider observations and the hydro-sedimentary processes driving spatio-temporal variability in particle65

properties. Finally, a conclusion draws a perspective for this work.

2 Field campaign

A survey entitled MELANGE happened between 0730 UTC 14 February 2021 and 1300 UTC 18 February 2021 on the French

Armorican shelf. Section 2.1 presents the studied area, while Section 2.2 describes the environmental conditions encountered.

2.1 Study Area70

In order to validate the glider observations of the ocean currents in a meso-tidal area, the French Armorican shelf has been

chosen because it is a well-known study area where the semi-diurnal tide is the main hydrodynamic forcing (Vincent and

Le Provost, 1988). In order to observe suspended particle fluxes as well, the survey has been settled more precisely inside a

broader belt-shaped area comprised of muds and silts known as the ’Grande Vasière’ (Dubrulle et al., 2007). The geographic

centre of the survey is a mooring called GV1, which is also part of a long-term (5 years) network of benthic measurements75

around French Brittany, called ROEC/Benth (Marchès et al., 2019). All MELANGE measurements were performed in a square

area centred on GV1 and having a side length of about 10 NM (Fig. 1a). This square is located at around 25 NM from the

coast, at mean ocean depths of 115 m ±4 m. The extent and location of the area were chosen on the mid-continental shelf in

order to encompass along-shelf and cross-shelf gradients of ocean turbidity.

2.2 Sea conditions80

The main hydrodynamic forcing in the validation area is the semi-diurnal tide, dominated by the M2 and S2 components

(Vincent and Le Provost, 1988). During the validation campaign, the tidal range decreased from 3.9 m to 2.5 m at the GV1

mooring (Figure 2b). The south-to-north component v reached its extrema in the 5th hour before slack water (Fig. 2c). The

west-to-east component u, 2 hours approximately phase shifted, reached its extrema in the 2nd hour before slack water, with

3




