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Drone-Based Cal/Val of Sentinel-2 Aquatic Reflectance: 
Paving the Way Towards FRM Status



2

Traditional in situ Cal/Val data from fixed stations like AERONET-OC or HYPERNET

Complemented by 

Aerial drones to assess the spatial variability surrounding fixed stations, helping to determine the 

representativeness of point measurements for satellite pixel resolution and coverage

Aerial drones to conduct transects from the shoreline to the open sea, which in turn enables the validation of 

atmospheric correction algorithms such as adjacency correction algorithms

Holistic approach utilizing aerial drones enhances the accuracy and reliability of satellite Cal/Val processes 
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Ruddick et al. (2019) 

Cal/Val of satellite products requires high-quality in 

situ measurements, referred to as Fiducial Reference 

Measurements (FRM). 

Before a measurement can be labelled as FRM, it 

should 

(i) be accompanied by an uncertainty budget, 

(ii) adhere to openly available measurement 

protocols and community-wide management 

practices, 

(iii) have documented evidence of International 

System of Units (SI) traceability and 

(iv) be independent of the satellite retrieval process. 
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Initial steps towards Fiducial Reference Measurements (FRM) for drones through the FRM4VEG project 

SRIX4VEG exercise with focus on land vegetation

Activities

- Campaign measurements (over a 

limited period of time but larger 

area)

- Instrumented sites (over a limited 

area but continuous in time) 

- Protocols and procedures

BUT protocols and findings not 

always applicable to aquatic 

applications
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For obtaining aquatic reflectance with aerial drones facing challenges like

- Presence of sun glint

- Presence of sky glint

- Adjacency effect

- High temporal variability

- Lacking SI traceability

- Geometric accuracy (direct georeferencing)

- Lacking uncertainty estimates

Need to address these challenges to advance the effective utilization of aerial drones for Cal/Val purposes over 

water
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First steps towards FRM: e.g. MapEO-Water co-

developed within EU H2020 MONOCLE:

- Drone flight protocols

- Drone data processing platform

- User guides, videos, webinars

Research

Raw Data

End Product

Radiometry

+

Georeferencing
Water-leaving Reflectance

Optics => Physics

Output

QC

Option 1

Option 2
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Avoid sun glint: 

Don’t look nadir

Look away from the sun 

Include calibration panels in absence of 

irradiance sensor (DLS)

Collect RAW data 

Data upload tool 

+ Metadata (Location, name, relative height 

difference between take-off location and water level, 

camera sensor, …)

Aim: Guidelines for drone pilots

Extend: for Cal/Val
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Source: Dronenerds.com

SRF measured at 

NERC Field 

Spectroscopy Facility 
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Validation Drone-Based Aquatic Reflectance 
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Figure 6. UAV-based cumulative SSC maps of the Maumee River 

in downtown Toledo. (a) Cumulative SSC from 0 to 15 cm depth. 

Zoomed in section is of the boat used for water sampling. 

Increased SSC is detected behind the boat as the propeller is 

mixing up the water; (b) cumulative SSC from 0 to 61 cm depth; (c) 

cumulative SSC from 0 to 91 cm depth; (d) cumulative SSC from 0 

to 182 cm depth.

Larson, M.D.; Milas, A.S.; Vincent, R.K.; Evans, 

J.E. Multi-depth suspended sediment estimation 

using high-resolution remote-sensing UAV in 

Maumee River, Ohio. Int. J. Remote. 

Sens. 2018, 39, 5472–5489.
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Tur (FNU)  - A Tur (FNU)  - B

S2 19–21 1.5

Drone Plume: 40–60 

Backgr: 30–40 

0.5 – 5

IS 51.6 (40.7 – 58.6) 2.5

Sentinel-2 10:59 UTC Location A - 10:05 UTC Drone

Location B - 12:32 UTC Drone
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Result Breskens (Liesbeth)
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Figure 11. Box-whiskers plot comparing 

the spectral signature of Sentinel 2 MSI 

and Rededge Micasense sensors for the 

images acquired on 10/02/2018. Figure (a) 

shows the results for the outer pixels in the 

reservoir. Figure (b) shows the results for 

the central pixels in the reservoir, and 

Figure (c) shows the results for the entire 

reservoir.

Cillero Castro, C. et al. Remote 

Sens. 2020, 12, 1514. 

https://doi.org/10.3390/rs12091514
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Work in progress by Cillero et al.
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FAIR data

Metadata provided to products generated 

with MapEO-water

- GEOJSON file format

- Defined at collection and product level

Data accessibility

- Geoserver: 

https://mapeo.be/geoserver/MONOCLE/wcs

- OpenEO

https://mapeo.be/geoserver/MONOCLE/wcs
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- Ortho-mosaicked products using 

structure for motion

- Only supports RGB

https://geonadir.com/

https://geonadir.com/
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Need for dedicated drone campaigns (drone data acquisition during Sentinel-2 overpass) 

Opportunity:

Horizon Europe AQUARIUS Transnational Access project (start 1 March 2024)

“Aqua Research Infrastructure Services for the health and protection of our unique, oceans, seas 

and freshwater ecosystems” 
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Concept: Towards drone-based aquatic reflectance fiducial reference measurements used for validation of aquatic 

reflectance satellite products

1) Identify the necessary steps to qualify drone measurements over water as FRM for Cal/Val purposes

2) Bring together the community to collect and discuss best practices

3) Develop Roadmap for achieving FRM status for drone-based water Cal/Val

Initiate an IOCCG Task Force/Working Group ‘FRM drones for Cal/Val Water’?

Propose dedicated session at conference? 

Explore funding channels?

Ideas? Contact liesbeth.dekeukelaere@vito.be
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10:00-10:15 Towards Fiducial 
Reference Measurements for water-
leaving radiance reflectance with 
drone observations - Liesbeth De 
Keukelaere*, VITO; Sindy, Sterckx, 
VITO; Robrecht Moelans, VITO; Els 
Knaeps, VITO; Agnieszka Bialek, 
NPL; and Niall Origo, NPL
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