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Abstract.

It is increasingly important to better understand the hydrodynamic and morphodynamic processes of estuaries, because cli-

mate change, sea level rise, and human activities cause perturbations and forcing that can be detrimental to coastal ecosystems

and communities. It is however challenging to obtain comprehensive data of natural processes in estuaries, due to their highly

dynamic nature induced by daily reversing tidal flows, and morphological change occurring over various spatial scales and5

timescales, ranging from tidal cycles to decades. Conducting physical scale experiments in laboratory flumes is a means to

overcome these challenges, as they allow for rapid morphological development and plenty of measurement opportunities.

In this work we present a large, publicly available dataset of 19 morphological experiments of estuaries in the Metronome

tidal facility (www.uu.nl/Metronome), covering almost 230,000 emulated tidal cycles (T = 40 s). The dataset comprises ex-

periments with fixed perturbations in planform shape or tidal settings, temporary perturbations in initial bed morphology, and10

repeat experiments under the same boundary conditions. Besides, there are two complementary river experiments. The avail-

able data consists of planform masks, distributed laserscan DEMs, as well as temporally dense timelapses, orthomosaics and

water depth maps computed from overhead imagery taken at fixed moments every 20 tidal cycles. Furthermore, there are

occasional orthomosaics and water depth maps from 1 Hz timelapse imagery taken during several consecutive tidal cycles,

and orthomosaics from 25 Hz imagery with floating plastic particles, allowing for Particle Image Velocimetry (PIV). All data15

has been processed through recently developed methods involving a fixed base model geometry, assuring optimal spatial and

relative accuracies. The dataset allows for advancements in numerous disciplines studying estuaries, such as morphology, bar

theory, chaos theory, channel network analysis, machine learning, and calibration of coastal numerical models. The dataset can

be accessed through https://public.yoda.uu.nl/geo/UU01/KKEUY5.html (Nota et al., 2026a).
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1 Introduction20

Estuaries are the confined downstream areas of rivers ending in the sea, dominated by rapidly changing reversing tidal flows

(Kennish, 2002). In combination with upstream river discharge, these tidal flows induce complex patterns of water flow, sed-

iment transport and morphological development. These processes all occur on multiple timescales, ranging from tidal cycles

(Montani et al., 1998), to seasonal cycles (Nowacki et al., 2015), to longer timescales in the order of decades (Elias et al.,

2023). The hydrodynamic and morphodynamic processes of estuaries have profound effects on the numerous stakeholders25

that depend on them, such as protected ecosystems, coastal communities, critical infrastructure, and industries. It is therefore

imperative to study estuarine hydrodynamic and morphodynamic processes on these different timescales. This is increasingly

urgent considering the effects of climate change, sea level rise, and often far-reaching human activities, which can impose

detrimental temporary or permanent perturbations on these highly dynamic systems (Kennish, 2002; Clark et al., 2016; Leu-

ven et al., 2019; Cox et al., 2022; Van Maren et al., 2023). However, it remains challenging to study the processes of these30

landscapes on a system scale, due to the highly dynamic nature of estuaries on these various timescales, as well as the practical

and financial constraints of frequently conducting field surveys (Van der Wal and Pye, 2003; Dorst et al., 2013; Elias et al.,

2023; Lin et al., 2026). For example, the costs of a single bathymetry survey of the Western Scheldt estuary in the Netherlands

are of the order of a million euro. Accordingly, estuarine processes and their interactions, in particular the complex relation

between natural and human-induced sediment dynamics and long-term morphological developments under changing boundary35

conditions, are limitedly understood, which also complicates numerical modelling of these systems and validation thereof (Cea

and French, 2012; Clark et al., 2016; Williams and Esteves, 2017; Baar et al., 2019).

Challenges of studying morphodynamic processes in natural systems can be addressed by conducting physical scale ex-

periments, wherein morphological features such as bars and channels develop rapidly. Moreover, such experiments allow for

frequent and complete measurements under controlled conditions, and opportunities to collect large datasets (Paola et al., 2009;40

Kleinhans et al., 2014; Leenman and Eaton, 2024). For estuaries specifically, physical scale experiments have a long but slim

history (Reynolds, 1888; Reynolds et al., 1901), notwithstanding particular challenges for successfully conducting them.

First, it is important to consider the spatial and temporal scaling of natural systems to a laboratory scale in order to obtain

meaningful experimental results (Paola et al., 2009). For physical scale experiments involving bed load sediment transport, the

Shields number is often considered critical (Kleinhans, 2005; Kleinhans et al., 2014). For experimental rivers, Shields scaling45

allows for scaled bed load transport by increasing the slope of a laboratory facility, as compared to natural systems, causing the

sediment transport capacity of water flow to increase (Kleinhans et al., 2014). However, for experimental estuaries, reversing

tidal flows complicate such scaling, restricting researchers to use finer grain sizes, which lead to aggravating scale effects of

scours and ripples that are not scalable (Kleinhans et al., 2017a). To counter these undesired scale effects by using coarser

sand, whilst maintaining properly scaled sediment transport and morphology, our laboratory facility incorporates periodic50

tilting (Kleinhans et al., 2015, 2017b; Leuven et al., 2018; Braat et al., 2019), and is hence referred to as the Metronome

(www.uu.nl/metronome).
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Second, and often limitedly addressed, are the uncertainties of the laboratory instrumentation and their relative alignment,

which can lead to significant biases and misalignment of processed data and leave in unwanted artifacts that thwart automated

data analyses (Nota et al., 2026d), such as can be conducted with numerical model output. We recently developed methods for55

our facility that addressed these issues and allowed us to optimize and reliably quantify uncertainties of processed data (Nota

et al., 2026d). These improvements in data processing allowed us to apply machine learning to quantify water depths from

imagery of our experimental facility (Nota et al., 2026b).

In this work we present a dataset, now publicly available, of estuarine experiments that have been processed through our

recently developed methods (Nota et al., 2026b, d), and that we conducted over the course of almost four years. These ex-60

periments consist of self-forming sandy estuaries of various planforms that are subjected to various perturbations, boundary

conditions and topographic forcing conditions, and are suitable for quantitative studies over various timescales. This dataset

is part of the Delta-ENIGMA research infrastructure project (https://delta-enigma.nl/work-package-labs/) that forms a frame-

work of instruments, data, facilities and knowledge on rivers, estuaries, coasts and dunes in the Netherlands (Dutta et al., 2026),

and is embedded within the European DANUBIUS-RI (Bradley et al., 2018). Within this framework, access to the Metronome65

facility can be requested. In this paper, we first report on the experimental facility, instrumentation and data processing methods

in more detail. Then we describe the dataset and highlight research opportunities that it enables.

2 Metronome facility

The Metronome is a 20 by 3 m laboratory flume that is used for physical scale experiments of coastal and riverine systems,

allowing for morphological development of landscapes through river and tidal flows (Fig. 1; Kleinhans et al., 2017b). Here70

we only describe the setups for experimental estuaries, which are designed to emulate morphology scales between 1:100 and

1:10,000. The initial conditions in these experiments are typically prepared by smoothening a channel in a sandy bed using a

supporting cart that is movable along the x-axis of the facility (Fig. 1.a). During an experiment, water is pumped from a water

storage reservoir into: (i) a closed river boundary at x= 0 m; and (ii) an open sea boundary at x > 18 m (Fig. 1.a&d). Sea level

is controlled by an adjustable overflowing weir at the open end of the sea boundary, of which motion is synchronized to the75

tilting (detailed below).

In order to observe water depths, we add blue dye (Brilliant Blue FCF) to the water. We assure consistent dye concentrations

by following a spectrophotometric protocol, involving daily dye concentration measurements, and manual recharge of dye to

desired concentration when required (Nota et al., 2026b).

Experimental reversing flows that represent tidal currents are generated by periodic tilting over the short axis of the flume80

at x= 10 m, with a fixed period of T = 40 s. We applied two different tidal settings: (i) asymmetric tide, following a flood-

dominant curve; and (ii) symmetric tide, being equally divided between ebb and flood stage. Eq. 1 provides the tilt function to

describe the zx,t position (in m) of the flume at any second t along the x-axis.
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Figure 1. Overview of Metronome facility, instrumentation and processed data available in the dataset. (a) Interval overhead orthomosaic.

(b) DSLR orthomosaic. (c) Oblique view of the facility looking from the sea in the front to the river boundary in the back. (d) Sideward

sketch of the facility with relevant sensors. (e) Photograph of the gantry with sensors indicated against the tent ceiling for uniform lighting.

(f) Laserscan DEM. (g) Water depth map calculated from the overhead orthomosaic at panel a at 25 mm resolution after the experimental

planform mask is applied (Nota et al., 2026b).
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Figure 2. Metronome movement during a single emulated tidal cycle for the two different tidal settings in the dataset (Table 1). (a) The tilt

of the flume at x= 0 m (Eq. 1). (b) The movement of the weir at x≈ 20.35 m (Eq. 2).

zx,t =

(
L
2 − (x−x0)

L
2

)(
a1 sin

(
2π(t− ts)

T

)
+ a2 sin

(
2Nπ(t− ts)

T
+ϕ

))
(1)

in which L= 20 m is the length of the flume along the x-axis, x0 = 0 m is the x-coordinate at the origin of the coordinate85

reference system (upstream boundary), a1,a2 are amplitudes of tilt movement, ts time shift, N frequency multiplier, and ϕ

phase shift. Table 1 provides the values for these parameters for both the asymmetric and symmetric tidal settings. Note that for

the symmetric tide, the second sine component of Eq. 1 becomes zero. For asymmetric tide, the time shift ts = 1.192 ensures

that zx,t = 0 for t= 0 at all x-coordinates. Note that zx,t = 0 for all values of t at the tilting axis (x= 10 m). Fig. 2.a shows

zx,t for x= 0 m for both tidal settings. Accordingly, each tidal cycle starts with the ebb stage, lasting 22.5 s for asymmetric90

tide, and 20 s for symmetric tide.

The Metronome avoids rapid outflow during the ebb stage and excessive downstream flooding at the seaside during the flood

stage that would be caused by tilting without sea-level control. To this end, the overflowing weir (situated at x≈ 20.35 m)

moves up and down in counter-phase to the tilt movement, with position zwt (in m) following Eq. 2 (also see Fig. 2.b):

zwt = zw0 + aw1 sin

(
2πt

T

)
+ aw2 sin

(
2Nπt

T
+ϕ

)
(2)95

in which aw1,aw2 are the amplitudes of weir movement, and zw0 is the initial weir level, set at 0.067 m. Note that for asym-

metric tilt, ϕ causes the initial weir position to equal zw,t=0 ≈ 0.069 m (Fig. 2.b). It is not critical to include a time shift ts for
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the weir movement in Eq. 2 (see Kleinhans et al., 2017b). The values of the relevant parameters for asymmetric and symmetric

tilt are provided in Table 1. Furthermore, the second sine component of Eq. 2 also becomes zero for symmetric tide.

Table 1. Overview of the fixed parameters for asymmetric and symmetric tidal settings in Eqs. 1-2.

Parameter Asymmetric tide Symmetric tide

a1 (m) 0.075 0.075

a2 (m) 0.015 0

aw1 (m) 0.012 0.012

aw2 (m) 0.0024 0

ts (s) 1.192 0

N (-) 2 1

ϕ (rad) π/2 0

L (m) 20 20

x0 (m) 0 0

T (s) 40 40

zw0 (m) 0.067 0.067

To prevent upstream flooding during the flood stage, the river pump is only activated during the ebb stage (a total of 22.5100

s for asymmetric tilt and 20 s for symmetric tilt). For all experiments, the river discharge is fixed at 0.1 L/s, which is low

compared to the tidal prism (Leuven et al., 2018), as is typically the case for natural tide-dominated estuaries (Dalrymple and

Choi, 2007). Furthermore, a wave maker is situated at x= 20 m, covering the full 3 m length of the y-axis. This wave maker is

a horizontal paddle which is activated during the flood stage, generating waves with an amplitude of ∼0.03 m and a frequency

of 2 Hz. This wave maker causes wave stirring that enhances landward and alongshore sediment transport, which removes the105

tendency to form excessive delta lobes and delta growth, allowing for longer duration of experiments (Leuven et al., 2018). We

refer to Kleinhans et al. (2017b), Leuven et al. (2018), and Braat et al. (2019) for more detailed descriptions of the Metronome

facility, its functioning, scaling to natural systems, and the grain size distribution of the used sand and, for the complementary

river experiments, the crushed nutshell.

3 Instrumentation110

Relevant for this dataset are three different types of sensors, situated ∼4 m above the facility (Fig. 1.c-e). More broad descrip-

tions of these sensors are provided in Nota et al. (2026d). Important is a rail-supported gantry system, which covers the full

x-axis of the facility at y ≈ 1.5 m (Fig. 1.d-e). Note that the large volume of raw data collected by the sensors described in this

section are not included in the presented dataset (Nota et al., 2026a). The raw data for a single experiment (Exp054, Pilot 1)

are included in a different publicly available dataset (Nota et al., 2025) as part of our earlier study (Nota et al., 2026d).115
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3.1 DSLR camera

Mounted to the gantry is a Digital Single-Lens Reflex (DSLR) camera (Canon EOS 750D; 4 Mpixel sensor; Fig. 1.d-e). We

collect sequential nadir imagery with higher spatial resolution from the DSLR camera by running the gantry in stop-and-go-

mode at intervals of 0.5 m. This results in imagery with a front overlap of ∼80%. DSLR surveys are only conducted when

experiments are paused, at varying intervals of tidal cycles (commonly 1000 cycles). First, a DSLR survey is conducted over a120

wet bed with still water, after which the facility is carefully drained to conduct a dry bed survey. The tilting of the flume and

the rapidly changing tidal flows do not allow for such surveys during a running experiment.

3.2 Line laserscanner

The gantry also contains a line laser triangulation system, consisting of an obliquely positioned 3D camera, and a 660 nm

laser module with Powell lens (based on Automation Technology C5-4090-GIGE; Fig. 1.d-e). Under unlighted conditions, the125

gantry is continuously and slowly moving while the laser module projects a nadir laser sheet on a dry sand bed, parallel to

the y-axis. The morphology-dependent reflection of the laser sheet on the bed is registered by the 3D camera, storing the raw

elevation data in gridded stacked scanlines. As the experiment also needs to be paused for Laserscan survey, dry and wet bed

DSLR surveys are usually conducted at the same experimental timestep as laserscans.

3.3 Overhead cameras130

Fixed to the ceiling are seven industrial digital “overhead” cameras (Allied Vision Mako G419C; Fig. 1.c-e), roughly equally

spaced from each other at y ≈ 1.7 m. The overhead cameras are triggered simultaneously, by default collecting nadir imagery

(∼20% overlap) at fixed intervals of 20 tidal cycles when the facility is in exactly the horizontal position between the ebb

and flood stage (t= 22.5 s for asymmetric tide, and t= 20 s for symmetric tide; Fig. 2.a; Eq. 1). We refer to this type of

overhead imagery as interval. Furthermore, the overhead cameras are occasionally triggered to collect burst imagery at a set135

frequency. For this burst imagery, we distinguish two types. First, there are bursts of 40 images at 1 Hz (referred to as 1Hz)

triggered at t= 1 s, as such covering each second for a few consecutive tidal cycles (typically 7-10 in total). Second, there are

bursts of 10 images at 25 Hz (referred to as PIV). These images are taken during a few cycles (covering each step of 5 s at least

twice) after the water surface was sprinkled with floating plastic particles (d∼ 5 mm). The high frequency of these bursts allow

for determining surface water velocities through large-scale surface Particle Image Velocimetry (PIV; Thielicke and Sonntag,140

2021).

Because the overhead images are taken simultaneously, the supporting cart used for smoothening the bed is always included

in the imagery (at x= 0 m; Fig. 1.a). Gantry surveys for DSLR imagery and laserscans are paused midway, after which the

supporting cart is moved so it is not included in these surveys (Fig. 1.b&f).
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4 Data processing methods145

Here we briefly describe the methods we used for obtaining the processed and derived data that are available in the dataset.

The developments of these methods have been the main study objectives in our previous studies, in which they are extensively

covered, including quantification and evaluation of uncertainties (Nota et al., 2026b, d, and supplementary material therein).

All files in the dataset have been processed within the coordinate system of the facility, from x= 0 m until x= 20 m, and

y = 0 m until y = 3 m, with the origin at the upstream boundary on the left of the flume (looking downstream) (Fig. 1.a).150

4.1 DSLR and overhead imagery into Orthomosaics

The DSLR and all types of overhead imagery are processed in the same way through Base model alignment (Nota et al.,

2026d). This is a rapid and automated Structure-from-Motion (SfM) photogrammetry procedure, aligning each individual

overhead series or DSLR survey to an idealized fixed 3D base model of the facility in Agisoft Metashape (v.2.0.4). This

assures that all series and surveys are optimally aligned to the single reference base model geometry (Nota et al., 2026d).155

After alignment, orthomosaics are extracted by only enabling the imagery of the overhead series or DSLR survey (Fig 1.a-b;

Fig. 3; Fig. 4.a&d). DSLR and PIV overhead orthomosaics are computed at a 5 mm resolution. Interval and 1Hz overhead

orthomosaics are computed at both 5 and 25 mm resolution.

4.2 Laserscans into DEMs and planform masks

The raw gridded laserscan data is processed into Digital Elevation Models (DEMs; Fig. 1.f) following the Base model geometry-160

based laserscan workflow described in Nota et al. (2026d). This is a triangulation method solving 3D coordinates through

computer graphics algebra using spatially varying sensor positions and orientations that have been extracted from the afore-

mentioned base model. Accordingly, the orthomosaics and DEMs are independently processed, yet constrained by the same

base model geometry. For the laserscan DEMs, this assures optimal relative alignment with orthomosaics, as well as optimal

vertical spatial accuracy. These accuracies are 1.9 mm for 25 mm grid size, and 2.1 mm for 5 mm grid size (confidence of165

99.7%; Nota et al., 2026d). These values are sufficient considering that the morphological features are in the order of centime-

ters (Nota et al., 2026d).

Most of the experiments in the dataset have fixed planforms (Section 5; Supplementary material S2). Therefore, these

experiments consist partially of inactive beds in which there is no morphological development (Fig. 1.a). For the purpose of

deriving the water depth maps from interval and 1Hz overhead orthomosaics (Section 4.3), it is convenient to mask out these170

regions, as well as the areas covering the supporting cart and the sea (Fig. 1.a&g Nota et al., 2026b). Such masks are computed

at 25 mm resolution, typically by setting a single elevation threshold in the initial flat bed timestep of a laserscan DEM, with

a single cell buffer that reduces the planform area to account for uncertainties in relative alignment and slight movement of

fixed banks during an experiment. Ad hoc interference was required for some experiments a to properly align a mask to an

experimental dataset of overhead orthomosaics. This was necessary for experiments where without fixed banks or no initial flat175

bed.
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Figure 3. DSLR orthomosaics illustrating the subdivision of the experimental dataset into the various planforms. (a) Control runs without

fixed banks; (b) Narrow fixed planform; (c) Seaward widening fixed planform narrow; (d) Seaward widening fixed planform wide; (e) Natu-

rally formed fixed planform 1: perturbations on initial conditions; (f) Naturally formed fixed planform 2: tidal symmetry. The complementary

river experiments are not included here.
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4.3 Orthomosaics into water depth maps

From the color values of the interval and 1Hz overhead orthomosaics at 25 mm resolution, we have calculated water depth

maps following a workflow involving predictive models trained through machine learning (Nota et al., 2026b). For 6 different

dye concentrations between 0 mg/L and 5 mg/L, two Random Forest models were trained. These dye concentrations have180

been established through our spectrophotometry protocol (Section 2). The workflow follows a hierarchical approach. First, a

classifier model predicts which cells in the masked area are dry and wet. Second, for the wet cells specifically, a regressor

model predicts the water depths (Fig. 1.g & Fig. 4.b).

For the models trained at dye concentrations between 1 mg/L and 5 mg/L, we found satisfactory and similar performances,

with Peirce Skill scores of the classifier models at ∼0.98, and RMSE of the Regressor models at ∼3 mm with a negligible185

Bias (Nota et al., 2026b). These metrics become slightly more uncertain when validation occurs on data with experimental

morphology, due to deviations with dye concentration and increased area of dry/wet interface, which is more difficult to

correctly predict due to the vertical uncertainty of the input DEM (Section 4.2). In Nota et al. (2026b) we argue that this is not

problematic, as the locations of deeper channels are generally morphologically more interesting to study, and deviations in dye

concentration still result in linear relationships between actual and predicted water depths. We refer to Nota et al. (2026b) for190

a full description on how these models were trained and validated. The models, codes, training data, and validation data of this

study are available in Nota et al. (2026c).

4.4 Timelapses from orthomosaics and water depth maps

For all interval and 1Hz overhead orthomosaics, as well as their derived water depth maps, we have computed timelapses,

indicating lab experiment number, the index of the tidal cycles, and for the 1Hz specifically, the second within the tidal cycle.195

Occasionally, we have collected a set of 1Hz overhead imagery with the PIV plastic particles. This frequency is too low to

determine water surface velocities through PIV, so these timelapses only illustrate how PIV works.

5 Dataset

The dataset that belongs to this paper (Nota et al., 2026a) consists of the processed data described in Section 4, covering a

total of 19 physical scale experiments of estuaries, including 3 pilot runs. The dataset represents almost 230,000 emulated200

experimental tidal cycles within the Metronome, covering ∼110 days of non-stop running the facility. We subdivide the dataset

into six different planforms (Fig. 3), most of which are fixed by blue rough sandpaper (median grain size of 1 mm). The

dataset moreover includes: (i) repeat experiments with the same initial and boundary conditions; (ii) experiments with initial

bed perturbations as compared to a flat bed setup; and (iii) experiments with varying tidal settings. Each individual experiment

is described in more detail in Supplementary Section S2, including the relevant peculiarities, sensor failures, oversights, or any205

other unexpected events to which such laboratory work is inevitably prone. Additionally, each experimental folder contains an

unrefined log text file, which we maintained daily while conducting the actual experiments. Finally, the dataset includes two
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Figure 4. Illustration of applicability for extracting channel networks from TopoTide (Sonke, 2025) for a specific timestep (Exp054 Pilot1,

Cycles 00999 & 01000): (a-c) Overhead water depth map at cycle 00999; and (d-e) laserscan DEM at cycle 01000. (a) Interval overhead

orthomosaic. (b) Water depth map from ML models. (c) Channel network from water depth map in panel b. (d) DEM. (e) Channel network

from DEM in panel d. Panels b-e have a resolution of 25 mm. The orthomosaic in panel a has a resolution of 5 mm for illustrative purposes.

11

https://doi.org/10.5194/essd-2026-427
Preprint. Discussion started: 23 June 2026
c© Author(s) 2026. CC BY 4.0 License.



complementary river experiments at a fixed slope with a transversely moving river inlet (following Van Dijk et al., 2012; Van de

Lageweg et al., 2016). The first river experiment formed a braiding river. The second river experiment showed a tendency to

meander when crushed nutshell was added as suspended, floodplain-forming sediment (following Braat et al., 2019).210

The data of each experiment are stored in a separate folder that includes the experimental lab number (between 052 and

081). These folders include, when relevant: (i) DEMs (Section 4.2); (ii) Planform masks (Section 4.2); (iii) DSLR and the three

types of overhead orthomosaics (Section 4.1); (iv) water depth maps derived from interval and 1Hz overhead orthomosaics

(Section 4.3); and (v) timelapse videos from the available interval and 1Hz overhead orthomosaics and water depth maps

(Section 4.4). Tabular overviews on the available data for each of these experiments are provided in Supplementary Section215

S1. This includes the number of files per section and the relevant ranges of tidal cycles that are covered by the different types

of overhead orthomosaics (Section 3.3). When considering research options, we recommend to first read the supplementary

material of this paper, and observe the available timelapses for the experiments of interest.

6 Potential for analyses with the dataset

We present a large dataset of physical scale experiments of estuaries conducted in the Metronome facility, covering various220

planforms, perturbations and two different tidal settings. Besides, two complementary experiments of a braided and meandering

river are included. The dataset contains distributed laserscan DEMs, as well as temporally dense orthomosaics and water depth

maps that are optimally relatively aligned as they are processed through a single fixed base model geometry (Nota et al., 2026d).

The files in the dataset capture the morphological change that happened during these experiments over various timescales.

Accordingly, this experimental dataset can be useful for numerous morphological studies on the development of estuaries in225

response to embankments, tidal settings, perturbations and planform shape.

For instance, volume changes can be determined though analyzing timeseries of DEMs or interval water depth maps. The

large amount of data can also be used for machine learning implementations other than determining water depths (Nota et al.,

2026b), such as predicting sediment transport (Bhattacharya et al., 2007). Furthermore, the complementary river experiments

in the dataset allow for a comparison of morphological development and scaling between experimental rivers and estuaries.230

Our recent advancements in data processing (Nota et al., 2026b, d) also provide new opportunities for quantitative research on

experimental rivers (Leenman and Eaton, 2024). Moreover, with the complementary river experiments, it is possible to study

the potential effects of periodic tilting of the facility for the estuarine experiments, compared to a conventional setup of fixed

slope (see also Supplementary material S3).

The elevation data from DEMs or rates of change in water depths for the experiments, including various types of perturba-235

tions, can be used to investigate fluvial and estuarine bar theory on the formation and development of different types of bars

and effects of topographic forcing (Tambroni et al., 2005; Leuven et al., 2018; Crosato and Mosselman, 2020; Ragno et al.,

2021; Southgate, 2025). Furthermore, several experiments have a repeat experiment conducted under the same initial flat bed

conditions, allowing for analysis on chaos theory and repeatability of these experimental estuaries (Adams et al., 2025). A tool

that can be used for such analysis is TopoTide (Sonke et al., 2022; Sonke, 2025), which is able to extract channel networks240
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Figure 5. Illustration of applicability for the verification of the numerical model XBeach (Roelvink et al., 2010) on the dataset at a specific

moment within the tidal cycle (t= 15 s) for a specific timestep (Exp077, Cycles 12680 & 12693) for: (a-c) 1Hz imagery at cycle 12680;

and (d-f) PIV imagery at cycle 12693. (a) 1Hz overhead orthomosaic. (b) Water depth map. (c) Modelled water depths in XBeach. (d)

PIV overhead orthomosaic. (e) Determined surface water u-velocities from PIV orthomosaics (including panel d) within PIVLab software

(Thielicke and Sonntag, 2021). (f) Modelled surface water u-velocities in XBeach. Panels b and e are computed through data-based analysis

on orthomosaic imagery. Panels c and f are numerically modelled results using a laserscan DEM and tidal settings (Fig. 2; Supplementary

material S3) as input. The orthomosaic in panel a has a resolution of 5 mm for illustrative purposes.
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for both water depth maps and DEMs (Fig. 4). For the interval water depth maps specifically, this allows for quantification of

migrating channel networks for small to large timescales (Nota et al., 2026b).

Finally, the dataset consists of several configurations that can be combined to verify and calibrate coastal numerical models

(Weisscher et al., 2020). Fig. 5 provides an illustration of our efforts to represent the Metronome facility within the model suite

XBeach (Roelvink et al., 2009, 2010). Such verification can occur through comparing water depth maps derived from 1Hz245

overhead orthomosaics with modelled water depths (Fig. 5.a-c). Modelled flow velocities can be compared to surface water

velocities that have been determined from PIV overhead orhomosaics (Fig. 5.d-f) through PIV software (e.g. PIVLab; Thielicke

and Sonntag, 2021), assuming the law of the wall and a calibrated roughness length. For successful implementation of such a

numerical model on this facility, the water levels and tilt movement that induce the tidal flows have to be implemented (Fig.

2; Eqs. 1-2; Supplementary material S3). To conclude, the large amount of elevation and depth data in this dataset allows for250

opportunities to implement this dataset in various disciplines, including fluvial geomorphology, numerical modelling, spatial

statistics, and machine learning.

Code and data availability

The dataset presented in this study is available at the online repository of Utrecht University (https://public.yoda.uu.nl/geo/

UU01/KKEUY5.html; Nota et al., 2026a). Included are python scripts that can be used to load all experimental data and255

their relevant metadata. For an experimental dataset with raw data, and code to process it, we refer to Nota et al. (2025)

(https://public.yoda.uu.nl/geo/UU01/SGM22N.html). The random forest models that were used to compute water depth maps

form overhead orthomosaics are available at Nota et al. (2026c) (https://public.yoda.uu.nl/geo/UU01/2XBVKK.html). This

dataset also includes the training and validation data of these models. Furthermore, all our codes are uploaded and updated

on our GitHub page (https://github.com/UtrechtRiversEstuaries). Additionally, we have implemented varying water levels and260

tilt functions in a separate version of the model XBeach, which is available at: https://github.com/saeb-faraji-gargari/Xbeach_

dev_Moving_boundary/tree/20240110_XBeach_v4_20251114.
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