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 1st EARSeL Workshop  
  Remote Sensing of the Coastal Zone 
  Ghent, Belgium, 5-7 June 2003 
 

Exercise 7:  Suspended sediment concentrations measured   
with hyperspectral reflectance 

Introduction 
With the help of optical radiometers it is possible to measure the spectral intensity of light. In typical 
measurements the incident light coming from the sky (downwelling solar irradiance Es) and the 
reflected light from the upper water column (water leaving radiance Lw) are measured to determine 
the remote sensing reflectance Rrs: 
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The remote sensing reflectance includes information on water colour, from which data on absorb-
ing and scattering substances can be derived. If substances consist mainly of suspended matter, 
these measurements can be used for the determination of total suspended matter concentrations 
in the upper water column. 

Methods 
A typical setup of the instrumentation is as follows. A cosine irradiance sensor detects the incident 
daylight. Two radiance sensors detect the reflected light from the upper water column at a nadir 
angle of 35°. The radiance sensors are tilted at a 90° angle to each other, to account for varying 
directions of the incident sunlight, see www.nioz.nl/fys/wernand/Coastal_Colour. 
To simulate these conditions in the workshop exercise, an experimental setup is used which con-
sists of: 

• A 500 W metal vapour discharge lamp with a broad emission spectrum similar to daylight 
conditions for illumination of water samples 

• Several water tanks with samples of various suspended matter concentrations 

• An optical radiometer with a cosine irradiance sensor (TriOS model RAMSES UV/VIS) for 
measuring the downwelling irradiance produced by the light source 

• An optical radiometer with a radiance sensor (TriOS model RAMSES VIS, 7° field of view in 
air for measuring the light reflected from the samples 

• A PC for display of measured spectra in real-time, and for data processing. 

  
irradiance sensor with cosine collector radiance sensor 

http://www.nioz.nl/fys/wernand/Coastal_Colour
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Measurements with this sensor configuration performed in the West and East Frisian Wadden Sea, 
and a comparison of these results with data obtained by sample filtration have shown that the total 
suspended matter concentration TSM in turbid coastal waters can be derived from reflectance data 
at specific wavelengths according to the following empirical relation (Marcel Wernand, NIOZ, The 
Netherlands): 
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The following figure compares data taken over a tidal cycle  in the Wadden Sea (Feb 2003) in the 
presence of high sediment loads. The setup consists of two radiance sensors for measuring re-
flected light with an orientation as given above (radiometer 1 and 2), and an irradiance sensor for 
measurements of the downwelling irradiance. TSM data derived from the reflectance data are 
compared with conventional analyses from filtration and weighting. 

 

Experiments: 
The radiance sensor is looking at a 35° nadir angle to the water surface, while the irradiance sen-
sor is looking towards the light source. 

1. With a spectral resolution of 5nm, reflected spectra are measured from water samples with 
different TSM concentrations with the radiance sensor. The emission spectrum of the light 
source is measured simultaneously with the irradiance sensor. 

2. For these samples, TSM is calculated with the algorithm given above and compared with 
the true TSM concentrations of the water samples. 

3. Water samples with other scattering or absorbing matter, such as phytoplankton and yellow 
substances, are analysed. 

4. All spectra are compared and the observed differences are discussed. 
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Further reading 
C. Mobley, “Estimation of remote-sensing reflectance from above-surface measurements”, 1999, 

Applied Optics, 38, p. 7442-7455  
Heuermann R., R. Reuter & R. Willkomm: RAMSES: A modular multispectral radiometer for light 

measurements in the UV and VIS. In: Environmental Sensing and Applications. Proc.  
EUROPTO Series, SPIE Vol 3821, 279-285, 1999 

M. Wernand: TSM in tidal flat waters derived from reflectance spectra:   
www.nioz.nl/fys/wernand/Coastal_Colour  

Specifications of RAMSES radiometers: www.trios.de  

Contact 
Dr Frank Terjung Rüdiger Heuermann  
Carl von Ossietzky University of Oldenburg TriOS Optical Sensors  
Institute of Physics Werftweg 15  
D-26111 Oldenburg D-26135 Oldenburg  
frank.terjung@uni-oldenburg.de  heuermann@trios.de  
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