
Spaceborne Observations to Nourish  
the GEMS/Water Global Network 

AquaWatch/IGWCO Joint Session, BfG Koblenz (Germany), 8-10 June 2016 

Daniel Odermatt1, Philipp Saile2, Dima Lisniak2, Kerstin Stelzer3, 
Carsten Brockmann3, Petra Philipson4, Benjamin Koetz5 

1 2 3 4 5 



•  2-year ESA DUE Innovators III project 

•  Aims to demonstrate how Sentinel-2 and other current sensors 
can contribute water quality information for UNEP’s GEMS/
Water programme 
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•  Parameters of 
interest 
•  Proxies for SDG 

determinants 
•  Trophic state 

classifications 
•  Pollution hot 

spots 
•  GEMStat diagram 

types 
•  Data formats and 

delivery 

• Monitoring sites 
•  Description of 

local WQ issues 
•  Cyanobacteria 

identification 
•  Improved 

monitoring 
efficiency 
•  Adoption of EO 

techniques 



Test Site Examples: Guatemala 



Test Site Examples: Guatemala 

Lake Atitlan – GEMStat site 
• Mesotrophic lake 
•  Drinking water source under 

increasing agricultural press. 
•  6 field campaigns, 3 sites 
•  CHL, TSM, Secchi, Turbidity 
•  14.1 valid Landsat-8 obs/a 
•  22.6 valid Sentinel-2 obs/a 
•  1.8 valid simultaneous obs/a 

STATE OF THE LAKE 

ATITLAN 

2014 

2014 

www.unidosporlagoatitlan.org 



Test Site Examples: Guatemala 

Lake Izabal 
• Mesotrophic lake 
•  2 RAMSAR sites in catchment 
•  0-1 field campaigns 
•  CHL, TSM, Secchi, Turbidity 
•  10.4 valid Landsat-8 obs/a 
•  16.6 valid Sentinel-2 obs/a 
•  No simultaneous obs 
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•  GEMStat 
standard 
methodologies 
•  Data submission 

procedures 
•  Satellite overpass 

calendars 
•  EO-specific 

sampling 
guidelines 



Lake Pyhäjärvi Acquisition Calendar 
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Overview of Planned In Situ Measurements 
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• Site-specific validations will be done for Vanajanselkä and Kasumigaura, further sites may 
be investigated if sufficient nutrient data becomes available (e.g. Ghana, Tanzania).  

Table 11: Requested water quality monitoring parameters that are feasible within the 
SPONGE project scope, and their reference data availability per water body. Samples 

from multiple sites in a single water body are accumulated. Black numbers are for 
satellite synchronous, grey numbers for randomly timed in situ measurements per year. 

§: citizen scientist test site. #: automated station. L=Lakes, R=Reservoirs, I=Rivers. 
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Finland 

Lamposaarenselkä L 4  4 cit.   
Lammin Pääjärvi L 5  5 5   
Puruvesi L 2  2 2   
Säkylän Pyhäjärvi L auto.  6 auto.   
Vanajanselkä L auto.  auto. auto. auto. auto. 

Ghana 

Volta R 12 12  12  12 
Weija R 12 12  12  12 
Bosomtwe R       
Barekese L       
Pra I       

Guatemala 

Atitlan L 12 12  12   
Amatitlan L 20 20  20   
Ayarza L       
Peten Itza L       
Izabal L       

Japan Kasumigaura L 120 120  120 120 60 

Tanzania 

Kagera I 12 12  12  12 
Tanganyika L 12 12  12  12 
Victoria L 12 12  12  12 
Malagarasi I 12 12  12  12 
Ruvu I 12 12  12  12 

6. Outlook and Preliminary Assessments 

6.1 Proxy Parameters and Source Identification 
Algorithms such as C2R (Doerffer et al., 2012) or MCI (Binding et al., 2012) retrieve the 

proxies required by GEMS/Water via absorption and scattering coefficients (Figure 20, 
particulate scattering coefficient is proportional to suspended sediment concentration) or 
empirical relationships between top-of-atmosphere signal and constituent concentrations. 
Many of them were originally developed for MERIS but meanwhile adapted for Landsat-8 and 
Sentinel-2, and their accuracy has to be reviewed for each site. The algorithm review for 
SPONGE aims to identify the most promising approaches currently available.  

The identification of cyanobacteria blooms may be evaluated based on parameter maps as 
in Figure 20, using existing spatial feature extraction methods. The identification of point 
pollution sources however is expected to require the maximum available spatial resolution (10 
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EO Service Requirements � In Situ Measurement Requirements � In Situ Measurements  � EO Products 

•  Data and 
metadata 
submission 

•  Fast delivery for 
cal/val tasks 
•  Quality control 
•  Ingestion in 

GEMStat 



Product Validation Approaches 

Matchup Analyses 
Bootstrap example from Volpe et al. (2011) 

Time Series Comparison 

Histogram and Data Range Statistics 
significant estimation bias (the average estimation error is about
−1.1 FTU) and the relatively modest scatter between predicted and
observed values (the error standard deviation is 14.3 FTU).

A cross-validation procedure was also applied to the estimation
model obtained from the ODR regression scheme described above.
The results (not shown here for brevity) yield an average estimation
error of−24.0 FTU and a standard deviation of 79.6 FTU, showing that
indeed the minimization of errors along the ‘turbidity axis’ provides
more accurate SPM concentration predictions.

Leave-one-out cross-validation is useful to provide an overall
assessment of the model accuracy. However, it does not allow an
evaluation of the dependence of the estimation error on the turbidity
value. Such an evaluation, for the estimation error associated with the
uncertainmodel parameters, can be achieved through a non parametric
bootstrapmethod (Efron, 1979). Herewe adopt a bootstrap resampling
method, inwhich the observed set of SPM;Rrsð Þ pairs is re-sampledwith
re-substitution (i.e. a pair that has been extracted is available for
possible subsequent sampling). In the present case the observed setwas
re-sampled 10,000 times, a number determined by making sure that a
further increase in the number of pairs considered does not produce
appreciably different results. This procedure essentially constructs a
large number of samples from the same empirical distribution. The
model is then calibrated on each of the re-sampled SPM;Rrsð Þ sets to
obtain a sample of (10,000) parameter values and a set of corresponding
curves (which yield the shaded area in Fig. 5).

Fig. 3. Sensitivity of the model to different bottom reflectance values for different water
depths: (a) 1 m, (b) 1.3 m and (c) 2 m. The sensitivity of the retrieved SPM
concentration values on the bottom albedo decreases rapidly with depth, such that
its contribution to the total reflectance is down to about 10% for H=1.3 m a reference
SPM concentration of 20 FTU.

Fig. 4. Scatterplot of estimated and observed turbidity values obtained from the leave-
one-out procedure.

Fig. 5. Confidence intervals for estimated turbidity values obtained from the bootstrap
procedure. The dashed lines bound the 65% confidence interval. Only point observa-
tions for depths in the range 1.5–1.7 m are reported for comparison.

49V. Volpe et al. / Remote Sensing of Environment 115 (2011) 44–54

2012 2013 2014 



Lake Kasumigaura: Acolite RRS 

Site 1 Site 2 

Site 3 Site 4 Site 5 

Data of January 13, 2016; in situ measurements by Bunkei Matsushita, Univ. Tsukuba 

Acolite is provided by Vanhellemont & Ruddick, RBINS 



Lake Kasumigaura: OPERA Rrs 

Site 1 Site 2 

Site 3 Site 4 Site 5 

Data of January 13, 2016; in situ measurements by Bunkei Matsushita, Univ. Tsukuba 

OPERA products provided by De Keukelaere, Sterckx & Knaeps, VITO 
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EO Service Requirements � In Situ Measurement Requirements � In Situ Measurements  � EO Products 

•  Quality control 
•  Release in 

GEMStat if 
compliant 

•  Optical 
parameters in 
map format 
•  Cal/val results 
•  Evaluation of 

SDG determinant 
proxies 
•  Definition of 

methodological 
standards 

•  Limited exchange 
of preliminary 
products 

•  Service 
assessment 



Data Access and Processing 
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EUMETSAT	  

USGS	  
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online	  
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systema.c	  
preprocessing	  

S2	  and	  S3	  level	  1	  subsets	  

pre-‐processed	  
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S2	  and	  S3	  level	  1	  
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users	  
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Calvalus	  Infrastructure	  (HW	  &	  SW)	  
90	  nodes	  (380	  cores),	  1.33	  PB	  online	  storage,	  	  

2	  master,	  2	  archive	  nodes	  	  
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Number of S-2 Products per Lake (April 2016) 

0	   5	   10	   15	   20	   25	   30	   35	   40	  

Lake-‐Peten-‐Itza	  
Reservoir-‐Armando-‐Ribeiro-‐Goncalves	  

Lake-‐Izabal	  
Lake-‐Ama.tlan-‐at-‐Ama.tlan	  

Lake-‐A.tlan-‐Site-‐7	  
Lake-‐Ayarza	  

River-‐Pra-‐at-‐Daboase	  
Zigi-‐River-‐at-‐Lanzoni	  

Ruvu-‐River-‐at-‐Mlandizi	  
Barekese-‐Reservoir	  

Lake-‐Bosomtwe	  
Malagarasi-‐River-‐at-‐Mbelague	  

Lake-‐Tanganyika-‐at-‐Kibirizi	  
Kagera-‐River-‐at-‐Nyakanyasi	  

Lake-‐Kasumigaura	  
Lake-‐Victoria-‐at-‐Bukoba	  
Lake-‐Lamposaarenselkae	  

Lake-‐Victoria-‐at-‐South-‐Port	  
Lake-‐Weija	  

Lake-‐Volta-‐at-‐Asikuma	  
Lake-‐Paeaejaervi-‐Syvaenne	  

Lake-‐Pyhajarvi	  
Lake-‐Vanajanselka	  

Lake-‐Puruvesi	  

max = 40 
min = 3 
mean = 15.1 
median = 12.5 
modus = 6 



Algorithm Review 



S-2 

Python Fmask 

Goals: 
•  To provide a basic set of WQ 

parameters using only TOA 
radiance 

•  To facilitate generic 
processing and data 
exchange procedures 

•  To calibrate MCI for 
prioritized sites 

Initial Processing Chain 
Operational by the end of June 

Acolite/OPERA 

Goals: 
•  To obtain accurate water-

leaving reflectances for the 
whole vis-NIR spectrum and 
all sites 

•  To obtain all available WQ 
parameters 

Processing Chain Evolution 
Upon availability 

Goals: 
•  To improve water pixel 

identification (Idepix) 
•  To improve WQ parameter 

retrieval (C2R) 

C2R CDOM
-K CHL-MCI 

Idepix 

TSM-
NIR 

Tur-
NIR Secchi-QAA 

Planned Sentinel-2 Processing Chain 



Summary of Opportunities 

•  GEMS/Water’s NFPs are a global network of potential users 

•  The NFPs (will) understand that remote sensing could 
complement discontinuous monitoring programmes (e.g. based 
on foreign aid) 

•  GEMStat allows for a variety of standardized methods, which is 
a good model for the selection of remote sensing algorithms 

•  SPONGE provides GEMS requirements and the corresponding 
blueprint for easily adoptable technologies, work procedures 
and interfaces 



Summary of Challenges 

•  Cal/val is strongly limited by the NFPs work practices and 
resources 

•  S-2 is relatively new for use in a service framework, still limited 
in regional availability and data properties may change 

•  Due to the above, the SPONGE service concept may not work 
equally well for all regions, and only few of them may make 
the cut to GEMStat 

•  The value of the service in sites without reference data is 
highly uncertain 


