
 
Sentinel-3 Validation for  

Water Resources Protection 
 

 

 

 

 

 

 

 

 

 

Report to the 
WATER RESEARCH COMMISSION 

 
by 
 

MARK WILLIAM MATTHEWS1,2 
JEREMY ALAN KRAVITZ2 

 
1CyanoLakes (Pty) Ltd 

2University of Cape Town (UCT) 
 
 
 
 
 
 
 
 
 
 

 
WRC Report No 2518/1/19 
ISBN 978-0-6392-0054-5 
 

June 2019



ii 

Obtainable from 

Water Research Commission 

Private Bag X03 

GEZINA, 0031 

 

orders@wrc.org.za or download from www.wrc.org.za 

 

 

 

 

 

 

 

 

DISCLAIMER 

This report has been reviewed by the Water Research Commission (WRC) and approved for 

publication. Approval does not signify that the contents necessarily reflect the views and 

policies of the WRC nor does mention of trade names or commercial products constitute 

endorsement or recommendation for use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Water Research Commission 



iii 
 

EXECUTIVE SUMMARY 

BACKGROUND 
The “Sentinel-3 validation for water resources protection”, hereafter referred to as S3VAL, 

project aimed to provide measurements that support the quantitative calibration and validation 

(cal./val.) of the satellite remote sensing Sentinel-3 Ocean and Land Colour Instrument (OLCI) 

for water quality monitoring applications in water bodies and near-coastal waters of South 

Africa. The Sentinel-3A satellite was launched on 16 February 2016 and when fully operational 

will provide an unprecedented ability to observe the earth’s land and water surfaces for 

environmental applications. Sentinel-3A is the follow-on mission from the successful Envisat 

mission, which unexpectedly ended in April 2012. The Envisat satellite carried the Medium 

Resolution Imaging Spectrometer (MERIS) sensor which was successfully used for near real-

time monitoring of eutrophication (nutrient enrichment), harmful algal blooms (HABs) and 

cyanobacteria (blue green algae) in inland and near-coastal marine waters of South Africa 

(e.g. Matthews & Bernard, 2015). The OLCI sensor is effectively a replacement sensor for 

MERIS (with several spectral and radiometric improvements) which will enable medium-

resolution satellite-based monitoring applications for inland and coastal waters to continue 

from 2016 with a mission lifetime of seven years. 

 

The S3VAL project builds on, compliments and supports several pre-existing initiatives and 

projects. The Sentinel-3 Validation Team (S3VT) organised by the European Space Agency 

(ESA) and EUMETSAT is tasked with reporting on the instrument performance during the 

commissioning phase (first approx. 6 months) of the Sentinel-3A OLCI sensor (February to 

August 2016). The South African S3VT team is composed of researchers and scientists from 

CSIR, DAFF, UCT, CyanoLakes (Pty) Ltd and other institutions. The “Integration of earth 

observation into the national eutrophication monitoring programme” (EONEMP) is a three-

year project funded by the WRC aiming to utilise satellite-based monitoring of eutrophication, 

cyanobacteria and algal blooms to enhance the current programmes of the Department of 

Water and Sanitation. EONEMP includes field work and capacity building activities which 

closely complement those of S3VAL. S3VAL provides additional funds for capacity building, 

fieldwork and equipment expenditure that will be utilised to support and enhance the S3VT 

and EONEMP projects.    

 

In summary, the S3VAL project focuses on the quantitative calibration and validation (cal./val.) 

of the OLCI sensor with a view to supporting water-related monitoring applications in South 

Africa to enhance protection and management of surface water resources. 
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RATIONALE 

Satellite-based observations of water quality form a key component of current and ongoing 

monitoring programmes in South Africa aimed at the protection of our scarce and valuable 

surface water resources. However, in order for satellite-based observations to produce 

accurate information, it is necessary that data collected by satellite instruments be extensively 

validated with regards to their quantitative accuracy and quality. Such validation must be 

undertaken during satellite instrument commissioning, the time frame between launch and 

operational data provision, and further during the lifetime of the satellite mission.  

 

The launch of Sentinel-3A in February 2016 was a watershed moment for satellite-based 

water-observing systems. The EONEMP project, and similar global water quality observation 

initiatives (e.g. led by the Group on Earth Observations), are largely reliant on the success of 

the OLCI mission for providing systematic observations of inland water bodies. This is because 

the OLCI instrument is ideally suited for water observations due to its precise radiometric, 

spectral, spatial and temporal instrument characteristics. The Sentinel-3A mission will consist 

of at least three identical satellite payloads providing continuous data over a minimum 20-year 

period; this long-term operational capability represents a significant opportunity and 

substantial return on South African investment in validation and mission exploitation. 

 

The S3VAL project will contribute towards the development and production of accurate and 

validated products from OLCI for South African inland and coastal waters. The need for 

accurate and validated products for assessing water quality in South Africa is supported by 

previous WRC reports. The S3VAL project and related activities are aimed at ensuring that 

South Africa will reap the benefits of new satellite technology for our own economic, 

environmental and social needs. This will result in improved confidence and uptake of satellite-

derived products in South African programmes; capacity building in an area of international 

skill scarcity; and utilization and development of South African technology for satellite 

validation and product development. 

 

OBJECTIVES AND AIMS 

The project has the following four aims: 

 

AIM 1 

To validate measurements of water colour (radiometry) and geophysical variables from the 

Sentinel-3A OLCI during instrument commissioning and afterwards  
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AIM 2 

To collect high quality datasets from locally-developed, autonomous moored platforms (Buoy) 

to be used for validation of satellite-based measurements and development and testing of 

geophysical retrieval algorithms�� 

 

AIM 3 

To build human capacity and expertise in water remote sensing to meet the demands of the 

private, public and research sectors�� 

 

AIM 4 

To assess the data quality, absolute radiometric errors and the performance of standard 

atmospheric correction procedures of Sentinel-3A OLCI  

 

METHODOLOGY 

Data required for cal./val. of the Sentinel-3A was collected during the instrument 

commissioning phase and afterwards in 2016 and 2017 through four dedicated field 

campaigns. The data collected included high resolution measurements of the water colour 

(radiometry) and associated inherent optical properties including the absorption and scattering 

coefficients; atmospheric variables (e.g. aerosol optical thickness); geophysical parameters 

used to asses water quality including pigment chlorophyll-a; phytoplankton identification and 

counts; and ancillary data. An autonomous Buoy equipped with a variety of instrumentation 

was deployed for a period of three months and used to collect continuous measurements of 

the light field (upwelling irradiance and downwelling radiance) and various variables used for 

validation. Data from the Sentinel-3 OLCI sensor was acquired during the commission phase 

from the S3VT and afterwards from EUMETSAT. These were processed utilising open source 

tools where applicable (Sentinel-3 toolbox).  

 

Matchups of simultaneously acquired OLCI data and in situ reference measurements of chl-a 

and water leaving reflectance were used to confirm the sensor performance and assess the 

performance of various chl-a models applied to OLCI. Reference reflectance measurements 

were modelled to top of atmosphere to assess the relative spectral and radiometric 

performance of OLCI. Several atmospheric correction techniques were applied to OLCI data 

and compered to reference field measurements. This included full atmospheric corrections 

deriving the water leaving reflectance and partial atmospheric corrections deriving top of 

atmosphere and intermediate products. 
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RESULTS 

Aim 1 

In situ reference datasets consisting of radiometric and biogeophysical measurements 

collected at four reservoirs of strategic importance in central Gauteng indicated significant 

impairment by cyanobacteria blooms and eutrophication, evidenced by high chlorophyll-a 

concentrations and cyanobacteria cell counts. Retrieval of biogeophysical variables (chl-a) 

from OLCI was feasible using models applied with partial atmospheric corrections, in particular 

the MPH algorithm with Rayleigh corrected reflectance. Conventional retrieval algorithms 

however failed. Results indicated that improved atmospheric corrections were needed before 

bio-optical models could be confidently applied with water leaving reflectance from OLCI in 

small eutrophic water bodies. 

 

Aim 2 

Time series measurements of water leaving reflectance and biogeophysical variables 

collected over a three month period by the autonomous Buoy at Roodeplaat Dam greatly 

increased the number of useable reference measurements for cal./val. of OLCI. The data 

compared closely to in situ reference measurements made by hand. It also demonstrated how 

autonomous technology with radiometers can effectively be used for providing short-term 

(hourly) and long-term (monthly) time series that provide significant insights into phytoplankton 

variability. The Bouy proved to be a reliable method for collecting ongoing radiometric data for 

validation, and demonstrated the utility of autonomous technology for estimating chl-a and 

other in-water bio-physical parameters. This study confirm the investment into locally 

developed platforms yields significant returns for satellite cal./val. activities.  

 

Aim 3 

The involvement of three students in the project has provided significant opportunities for skills 

transfer and capacity building to meet the needs of industry, government and academia. 

Effective collaboration between the project partners facilitated increased capacity building and 

learning opportunities for the students. Exhibition of the project results at local and 

international conferences and meetings (including the S3VT) has confirmed South Africa as a 

serious contributor to, and user of, satellite technologies through cal./val. activities.  

 

Aim 4 

Our assessment led to the finding that the unintended consequences of an increased viewing 

angle on OLCI relative to MERIS has led to significant drawbacks when sensing small  

(< 2 km) targets. This includes a larger ground sampling distance at edge of swath leading to 
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a significant increase in mixed duplicate pixels; a longer atmospheric path length increasing 

the appearance of stray light in the NIR bands; and a spatial offset of two to three pixels at 

high observation zenith angles. The result is a potential reduction in the number of viable 

sensing days, and increased likelihood of reduced quality for small targets. Despite these 

drawbacks, there was close comparison between OLCI TOA radiances and that modelled 

using reference measurements confirming that OLCIs radiometric and spectral performance 

was nominal, operating according to instrument specifications. This confirms OLCIs ability to 

resolve the spectral and radiometric characteristics of small eutrophic water body targets. An 

evaluation of several atmospheric corrections indicated that partial atmospheric corrections 

outperformed full atmospheric corrections when applied with bio-optical models. The 

performance of the atmospheric corrections tested for estimating water leaving reflectance 

were unsatisfactory, citing the need for the development alternative methods for use with OLCI 

in small inland water targets. 

 

CONCLUSIONS 
A thorough assessment of OLCI data has been performed during and after the commissioning 

phase of the instrument. The satellite is operating nominally and shows excellent potential for 

exploitation. However, for small targets, geolocation and high observation zenith angles 

remain a concern, and ways to correct for or avoid errors will need to be found. In situ data 

collected at four water bodies in central Gauteng provided data to validate the results of 

atmospheric corrections. Initial results indicate that due to the extreme optical nature of the 

atmosphere and water bodies in the region, full atmospheric corrections are very difficult to 

perform successfully, highlighting the need for specialised or improved atmospheric 

corrections for OLCI. Partial atmospheric corrections were superior for the application of 

models using bands in the green and red spectral region. The MPH algorithm with Rayleigh 

corrected reflectance was the best performing method for estimating chl-a from OCLI when 

compared to alternative models. The autonomous Buoy provided invaluable high-resolution 

time series of high quality radiometric and geophysical measurements that were of 

considerable value for cal./val. efforts. Validation of OLCI provides compelling evidence that it 

has the capability to provide accurate information for protection of water resources from the 

twin risks of cyanobacteria blooms and eutrophication in South Africa’s bulk storage surface 

water resources.  
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RECOMMENDATIONS FOR FUTURE RESEARCH 
The following recommendations are based on the outcomes of this research:  

�x The Sentinel-3 mission can with confidence be utilized for inland water remote sensing 

applications owning to its high spectral and radiometric quality that accurately 

characterises inland water targets 

�x Cal./val. should be undertaken for the remaining Sentinel-3B and -3C missions 

scheduled for launch in 2018 and 2019/20 respectively 

�x Given its performance, the MPH algorithm applied to BRR corrected data should be 

utilised in operational systems for chl-a estimation 

�x Continuous development and deployment of locally-developed buoys equipped with 

radiometers would substantiate cal./val. efforts and add significant concomitant value 

to satellite-based monitoring efforts by providing high quality data for validation, for the 

development of atmospheric corrections methods, and  for short-term (daily) and long-

term (monthly) monitoring of phytoplankton variability 

�x Work should intensify to test and develop a robust atmospheric correction procedure 

that is applicable in inland waters where complex effects from high aerosol loading,  

adjacency effects (stray light) and water variability interact 
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1 INTRODUCTION AND OBJECTIVES 

1.1 Context and motivation 
Satellite-based observations of water quality form a key component of current and ongoing 

monitoring programs in South Africa aimed at the protection of our scarce and valuable surface 

water resources, including the WRC funded EONEMP project (K5/2458), and the Operation 

Phakisa Oceans and Coastal Information Management System. In order for satellite-based 

observations to produce accurate information, it is necessary that data collected by satellite 

instruments be extensively validated with regards to their quantitative accuracy and quality. 

Such validation must be undertaken during satellite instrument commissioning, the time frame 

between launch and operational data provision, and further undertaken during the mission 

lifetime. The Sentinel-3 Validation for Water Resources Protection (S3VAL) project concerns 

the validation of the OLCI instrument for monitoring of South African inland waters through 

fieldwork during and after the launch of Sentinel-3A satellite in order to provide validated 

information for decision making in downstream applications.  

 

1.2 The Copernicus programme and Sentinel-3 
Copernicus is the European Union’s programme for earth observation which incorporates both 

ground (in situ) and satellite monitoring previously known as Global Monitoring for 

Environment and Security (GMES) (www.copernicus.eu). Copernicus aims to build capacity 

for observing the earth by collecting data from ground- and earth-based sensors to improve 

decision making and quality of life. The data policy provides open and free access to all users. 

The satellite component owned and managed by the European Commission under the 

European Space Agency consists of a series of six satellite missions called the Sentinels. 

Each of the Sentinels have a specific monitoring mission that covers the atmosphere, ocean, 

land, climate and emergency and security needs. This provides a vast amount of data for earth 

observation and monitoring.  

 

The Sentinel-3 satellite mission is part of the European Commission’s Copernicus programme 

for earth observation solutions from satellite. The Sentinel-3 platform is equipped with 

instruments that will measure the colour, temperature and height of ocean and land surfaces 

with high accuracy for environmental monitoring and climate change applications 

(https://sentinel.esa.int/web/sentinel/missions/sentinel-3). The first Sentinel-3 satellite, 

Sentinel-3A was successfully launched on 16 February 2016. A constellation of Sentinel-3 

satellites, named Sentinel-3B and Sentinel-3C, are planned for subsequent years which will 

increase data coverage to a global daily latency, and ensure operational capability to at least 

year 2030. This will provide an unprecedented ability to measure environmental changes 
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occurring on the earth’s surface, and the quality of inland and coastal waters. The sensors on 

board Sentinel-3 are of particular use and interest due to its ability to detect and provide 

information for small water bodies.  

 

1.3 The Ocean and Land Colour Instrument 
The Ocean and Land Colour Instrument (OLCI) on board Sentinel-3 is a heritage sensor 

following on from the Medium Resolution Imaging Spectrometer (MERIS) on-board the 

Envisat platform. Envisat was operational from 2002 until April 2012, which exceeded its 

mission lifetime of seven years. MERIS provided an unprecedented capability to monitor 

coastal and inland water systems from 2002 until 2012. MERIS contained bands particularly 

suited to capturing chlorophyll-a fluorescence and the red-edge. The spectral bands are 

sufficient to discriminate between cyanobacteria and algae species, and derive a quantitative 

estimate of chlorophyll-a, the primary pigment used for nutrient enrichment (eutrophication) 

assessment, thus MERIS was very successfully in its ability to monitor smaller and more 

complex water targets (Matthews et al., 2014; Palmer et al., 2014; Binding et al., 2011).  

 

OLCI, like its predecessor MERIS, has ideal spatial, spectral and radiometric characteristic 

that enable quantitative, routine estimates of water quality variables for water bodies larger 

than 1 km2 (see Table 1 for instrument characteristics). Given that dark water targets have 

demanding requirements when measuring from space, conventional land and RGB type 

sensors (e.g. SPOT, Landsat, etc.) do not meet the minimum radiometric and spectral 

requirements for many water-related applications (particularly quantitative cyanobacteria and 

chlorophyll-a detection). The failure of MERIS halted many of the operational water quality 

applications that relied upon it. Thus OLCI is a unique and vital sensor that will enable many 

critical water applications to continue from where MERIS left off. 

 
Table 1: Sentinel-3A OLCI instrument characteristics 

Swath / image width 1440 km 

Ground sampling distance / pixel size 300 m 

Spectral resolution 21 bands at 1.25 nm resolution (MERIS + 5 

new bands) 

Radiometric accuracy < 2% for 400-900 nm and < 5% for 

wavebands > 900 nm. 0.1% stability over 

each orbit and 0.5% relative accuracy.  

Radiometric resolution < 0.03 W m-2 sr-1 mm-1 
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OLCI has a number of improvements when compared to MERIS including an increase from 

15 to 21 spectral bands, improved SNR, tilted cameras for mitigation of sun-glint, global spatial 

resolution of 300 m at full resolution, and improved coverage. The OLCI bandwidths are 

provided in Table 2. OLCI thus provides an essential information source for eutrophication and 

associated toxic algal blooms in water resources. 

 
Table 2: OLCI band characteristics (new bands in bold). 

Band �„�������v�š���Œ �t�]���š�Z Lmin Lref Lsat �K�>���/ 

# nm nm W/(m2.s�Œ�X�äm) W/(m2.s�Œ.�äm) W/(m2.�•�Œ.�äm) SNR@FR 

Oa1 400 15 21.6 62.95 413.5 2188 

Oa2 412.5 10 25.93 74.14 501.3 2061 

Oa3 442.5 10 23.96 65.61 466.1 1811 

Oa4 490 10 19.78 51.21 483.3 1541 

Oa5 510 10 17.45 44.39 449.6 1488 

Oa6 560 10 12.73 31.49 524.5 1280 

Oa7 620 10 8.86 21.14 397.9 997 

Oa8 665 10 7.12 16.38 364.9 883 

Oa9 673.75 7.5 6.87 15.7 443.1 707 

Oa10 681.25 7.5 6.65 15.11 350.3 745 

Oa11 708.75 10 5.66 12.73 332.4 785 

Oa12 753.75 7.5 4.7 10.33 377.7 605 

Oa13 761.25 2.5 2.53 6.09 369.5 232 

Oa14 764.375 3.75 3 7.13 373.4 305 

Oa15 767.5 2.5 3.27 7.58 250 330 

Oa16 778.75 15 4.22 9.18 277.5 812 

Oa17 865 20 2.88 6.17 229.5 666 

Oa18 885 10 2.8 6 281 395 

Oa19 900 10 2.05 4.73 237.6 308 

Oa20 940 20 0.94 2.39 171.7 203 

Oa21 1020 40 1.81 3.86 163.7 152 

 

1.4 Cyanobacteria and eutrophication: twin risks to South Africa’s water resources 
Over recent decades the natural ageing, or eutrophication, of inland water bodies have been 

greatly accelerated by anthropogenic influence in South Africa (Smith et al., 2014; Van Ginkel, 

2008). The anthropogenic influence on eutrophication in South Africa is widespread due to 

poor infrastructure and staffing policies, budget issues, and national scarcity in personnel 

trained in limnologic sciences. Urban runoff such as mistreated effluent from populated regions 

and waste from industrial processes empty into sewers and rivers, eventually transporting 

hazardous chemicals to inland reservoirs (Nyenje et al., 2010; Le Roux et al., 2012). Drainage 

of pesticides and fertilizers from the burgeoning agricultural industry also find their way to 
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inland water reservoirs contributing to nutrient enrichment (Walmsley, 2000). Effects from 

climate change also has the potential to exacerbate nutrient enrichment and increase water 

temperatures (Jeppeson et al., 2014). The implications and ramifications of reduced water 

quality and an increasing predominance of eutrophication in South Africa have been 

highlighted in recent years (Harding, 2015; Oberholster and Ashton, 2008; Van Ginkel, 2011; 

Van Ginkel et al., 2004), as well as reviews emphasizing the necessity for improved 

management practices (Van Ginkel, 2012). The common consensus is that South Africa’s 

already limited freshwater resources will become further reduced as water quality degradation 

and eutrophication continues. 

 

Eutrophication is a trophic classification defined as an enrichment of nutrients in a water body 

that results in excessive algal and aquatic macrophyte growth. A water body can be classified 

as oligotrophic, mesotrophic, eutrophic, or hypertrophic depending on the level of nutrient 

enrichment and algal biomass. The Department of Water Affairs and Forestry South Africa 

classifies a water body as eutrophic when mean chlorophyll-a values range between 20-30 

�Pg/l or total phosphorous levels range between 0.047-0.130 mg/l while hypertrophy exists 

when chlorophyll-a exceeds 30 �Pg/l or total phosphorous exceeds 0.130 mg/l (DWAF, 2002). 

A Department of Water and Sanitation report in 2008 found that of the water bodies under 

their water quality monitoring program, 42% were classified as eutrophic (DWAF, 2008). 

Increased nutrient holdings have been linked to harmful algal growth such as toxic 

Cyanobacteria (Carvalho et al., 2013; Schindler et al., 2008). Cyanobacteria’s high affinity for 

N and P gives them a competitive advantage during short bouts of enrichment (Paerl et al., 

2011).  

 

While the growth rate of Cyanobacteria is quite low compared to other phytoplankton groups, 

they tend to dominate in light limited conditions due to their capacity for buoyancy regulation 

and their high affinity for light (Mur & Schreurs, 1995). Warming water temperatures also 

create ripe conditions for Cyanobacterial growth with maximal growth rates above 25°C which 

are higher than other bloom forming phytoplankton (Robarts & Zohary, 1987; Chorus and 

Bartram, 1999). As we see warming temperatures from a changing climate, we are starting to 

see a shift towards more Cyanobacteria dominated waters (Mooij et al., 2007; Joehnk et al., 

2008). In South Africa, Microcystis spp. is the dominant bloom-forming cyanobacteria species 

present (Harding & Paxton, 2001; Downing & Van Ginkel, 2003). In periods of low wind and 

stagnation, stratified water columns provide conditions for the creation of dense 

cyanobacterial surface blooms, known as scums, further decreasing light availability for other 

phytoplankton groups below.   
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The presence of Cyanobacteria poses significant health risks (Falconer & Humpage, 2006) 

mainly due to the production of various toxins (Bláha et al., 2009). While deaths from 

cyanobacteria poisoning of livestock and wildlife have been reported (Oberholster et al., 2009), 

human fatalities are very rare. However, long-term chronic exposure to cyanotoxins in 

domestic water poses a serious threat (Oberholster & Ashton, 2008). The eutrophication 

problem places an economic burden on South Africa affecting costs associated with 

recreational activity, industry, property value, and agriculture. Not to mention the costly 

measures associated with remediation of the issue pertaining to improved management and 

monitoring practices, chemical and biological methods for hindering toxic algal blooms and 

nuisance floating aquatic macrophytes, and improved infrastructure. In Harding (2015) it is 

noted that the South African government will require upwards of $60 billion to overhaul a failing 

infrastructure and just a 1% overall decrease in water quality would have large economic 

ramifications including a 5% increase in government spending. 

 

South Africa has close to 600 large reservoirs in addition to over 150,000 smaller reservoirs 

and farm dams with a high percentage of them being artificial. Government programs such as 

the National Eutrophication Monitoring Program (NEMP) monitor conditions conducive to 

eutrophication events which can lead to the production of potentially toxic algal species. While 

the effort has had positive outcomes, initiatives such as these are limited in its scope and 

application to costly and time-consuming point source studies and are generally restricted to 

a handful of reservoirs. Recent advancements in the remote sensing of coastal, estuarine, and 

inland water bodies have provided a positive outlook for improved monitoring efforts (Palmer 

et al., 2015).  

 

1.5 Protection of water resources using Sentinel-3 
The unique spectral, radiometric and spatial characteristics of OLCI make it the optimal 

satellite sensor for water applications for water bodies larger than approx. 1 km2. In particular, 

the spectral bands are sufficient to discriminate between cyanobacteria and algae species, 

and derive a quantitative estimate of chlorophyll-a, the primary pigment used for nutrient 

enrichment (eutrophication) assessment. Thus, OLCI provides an essential information source 

for the twin risks of cyanobacteria blooms and eutrophication in water resources. Therefore, 

there is substantial motivation to develop suitably calibrated and validated products from OLCI 

for these risks. Given the consistency (frequency), spatial coverage and accuracy of OLCI, it 

provides an opportunity for monitoring these risks (in conjunction with in situ measurements 

used for cal./val.) that surpasses traditional methods of monitoring, and resultantly has high 

economic and societal value.  
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In addition, it is essential that OLCI data be reliability calibrated and validated at both top-of-

atmosphere (TOA) and bottom-of-atmosphere (BOA). TOA measurements comprise of 

radiances measured in W m-2 sr-1 mm-1 as contained in the product Level 1 files. BOA products 

consist of water leaving reflectance after atmospheric correction (units sr-1), as well as 

geophysical products such as chlorophyll-a and are contained in product Level 2 files. It is 

essential to characterize both the error at TOA related to the instrument measurements 

themselves, and errors in the derived products at BOA. This will improve confidence in the 

product quality level, in order to meet the minimum quality standards for various applications. 

 
Aims and Objectives 
The S3VAL project has the following aims and objectives:  

 

1. To validate measurements of water colour (radiometry) and geophysical variables from 

the Sentinel-3 Ocean and Land Colour Instrument during the instrument 

commissioning phase and afterwards 

 

2. To collect high quality datasets from locally developed, autonomous moored platforms 

to be used for validation of satellite-based measurements and development and testing 

of geophysical retrieval algorithms 

 

3. To build human capacity / expertise in water remote sensing to meet the demands of 

the private, public and research sectors�� 

 

4. To assess the data quality, absolute radiometric errors and the performance of 

standard atmospheric correction procedures of Sentinel-3 OLCI   
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2 DATA AND METHODS 

2.1 Study sites 
Four inland water reservoirs were visited between June 2016 and November 2017 (Figure 1). 

The Hartbeespoort, Roodeplaat, Bronkhorstspruit, and Vaal Dams are situated in the Gauteng 

Province of South Africa. A summary of basic catchment characteristics of the water 

impoundments can be found in Table 1.  

 

Water from the dams are routinely used for the region’s domestic water supply, irrigation and 

agriculture, as well for public recreation and water sports. The Gauteng Province is one of the 

most densely populated regions of South Africa, leading to large implications for cultural 

eutrophication within the local inland water reservoirs. All four dams regularly see chlorophyll-

a �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���W�K�D�W���H�[�F�H�H�G���W�K�H�����������J���/��thresholds to be classified as hypertrophic systems 

(Matthews, 2014; DWAF, 2002). It is not uncommon for concentrations of Chlorophyll-a in 

Hartbeespoort Dam to reach into the thousands (Harding, 2015) and for the water surface to 

reach hyper-scum conditions (Zohary, 1985). In both Hartbeespoort and Roodeplaat dam, 

cyanophyta, primarily M. aeruginosa, dominates the algal assemblage throughout the year 

with intermittent blooms of chlorophyta, chrysophyta, and cryptophyta that have been 

previously identified (Van Ginkel, 2007). 

 

Figure 1: In situ sampling points. A) Roodeplaat Dam, B) Bronkhorstspruit Dam, C) 
Hartbeespoort Dam, D) Vaal Dam 


