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Background 
One of the conclusions of ‘Eutrophication status of the Baltic Sea (BSEP 143)’ was, that the confidence of 

chlorophyll-a and Secchi depth indicators would be substantially increased by including also remotely sensed 

and automated observations to the update of these indicators. EUTRO-OPER 1-2014 agreed to investigate 

further the possibilities of updating the chlorophyll-a indicator using also these data-types, and including them 

into the assessment data flow. Finland was welcomed to take lead of the work. 

This work is a contribution to subtasks 1a.i and 1b.ii in the EUTRO-OPER roadmap. 

Action required 
The Meeting is invited to take note of the results and proposals, and agree on next steps, with the aim of 

including EO- and Ferrybox (Alg@line)-data into the assessment data flow. 
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This report provides considerations for inclusion of EO (Earth Observation, i.e. remote sensing) data to the 
HELCOM Eutrophication assessment database. The inclusion of EO and Alg@line flow-through data can 
complement the monitoring station measurements in the assessment of the state of the Baltic Sea, particularly 
in areas and seasons out of reach of traditional methods. The results part of this report gives examples of EO 
data comparisons against monitoring station data for assessment period 2007-2011. The proposal -part 
provides alternative solutions for the format in which EO-data should be included into the assessment 
database, and how the information should be used in updating the indicator.  Appendix A provides a more 
detailed description of calculations and methods of comparison. The EO instrument used for this report is 
MERIS (MEdium Resolution Imaging Spectrometer). 

In comparison with the monitoring station measurements, the volume of EO and flow-through instrument 
observations is large. For example, during year 2011, 37 station measurements were made on HELCOM area 
SEA-012, Northern Baltic Proper. In contrast, 29.6 million non-cloudy EO observations were recorded during 
the growing season on 2011. Thus, it is not feasible to add all EO observations to the assessment database, but 
rather to include regional and sub-regional statistics for a given period. HELCOM 10K and 20K grids were 
studied as calculation units for delivering EO data for the assessment. This is to provide spatially balanced data 
on different parts of assessment areas. 

 

Results of comparisons between EO and monitoring station data 
 

a)   

Figure 1. a) HELCOM regions and monitoring station locations identified by numbers on the Baltic Sea. ICES data complemented with 

the assessment 2007-2011 dataset (BSEP 143) data was utilized in comparisons against EO data (2007-2011).  
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a) b)  

Figure 2. Example of time series of chlorophyll-a [µg/l] observations using EO (blue bars) and monitoring station measurements (red 

dots). EO data is collected using 3x3 pixels around a) station 340, year 2007 and b) station 193, year 2011.  

 

Figure 3. Example of time series of chlorophyll-a [µg/l] observations using EO (blue bars) and Alg@line measurements (black squares). 

EO data is collected using 3x3 pixels on water sample locations on Alg@line ship route. HELCOM assessment areas a) SEA-12 (Northern 

Baltic Proper) and b) SEA-13 (Gulf of Finland). 
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a) b)  

c) d)  

e) f)  

Figure 4. Examples of time series of chlorophyll-a [µg/l] observations using monitoring station measurements (red dots) Alg@line 

bottled samples (black squares), EO (blue) bars (daily percentiles). Assessment areas a) SEA-7, year 2011 b) SEA-9, year 2011 c) SEA-10, 

year 2011 d) SEA-11, year 2007, e) SEA-12, year 2008, f) SEA-13, year 2011. See Figure 1a for assessment area numbers. The EO data 

represents the whole assessment area.  
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Figure 5. Annual geometric mean maps of chlorophyll-a [µg/l] derived from EO data (period: 1.6.-31.9., years 2007 -2011. Last map is a 

summary map of the assessment period 2007-2011. 

The differences between EO and ICES (hereinafter MS) chl-a concentrations for the assessment period are 

mainly due to different magnitude of sample sizes. Depending on the size of assessment area, EO data 

observations (individual pixels) typically amount up to several million within one year’s assessment period. 

Thus, EO and MS data should not be expected to result in identical statistics. Appendix A gives a comparison of 

match-up dataset datasets showing that, if the number of observations and location of match-ups are the 

same for both EO and MS data, the resulting distributions of both datasets are similar and statistical measures 

are comparable. 

Table 1 and figure 7 show statistical measures calculated for the assessment period using both EO and MS 

datasets. For MS data, Table 1 presents arithmetic mean and median. For EO data, Table 1 presents median, 

geometric and arithmetic mean. In addition, the mode values of EO data, i.e. the most frequently occurring 

concentrations of EO chl-a are shown in Table 1 for example years of assessment period 2007-2011. Statistics 

for all years within period 2007-2011 are given in Appendix. On most cases, the arithmetic mean of EO data 

(EOAMEAN in Table 1) has the highest concentration. Unlike mode and geometric mean, arithmetic mean is 

sensitive to high (extreme) concentrations, such as the cyanobacteria period, which is often observed via EO 

data. Figure 6 gives an example of this by showing histogram of EO data and different statistical measures 

calculated from it. For assessment, it is relevant to use EO statistics that indicate where most of the 

observations within the assessment period lie. Thus, either geometric mean or mode values should be used in 

the assessment for the case of EO data. For EO data this is more relevant than MS due to the large amount of 

cyanobacteria observations.       
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Figure 6. Histogram of EO data (Baltic Sea, 2007) and statistical measures derived from the dataset. Typically EO data represents 

skewed distribution. Skewness depends on the observed area and how much high concentrations (cyanobacteria surface blooms) are 

observed. Geometric mean and mode are the most representative statistical measures to be used in assessment. 

 

Table 1.  Statistics of chlorophyll-a [µg/l] measured on monitoring stations (ST), and by EO using areal median, geometric and 

arithmetic mean and mode of EO observations. EO data represents the whole assessment area. Annual period: 1.6.-31.9. HELCOM 

assessment areas: SEA-007 - SEA-017. 

Name  Bornholm 

Basin Gdansk 

Basin 

Eastern 

Gotland 

Basin 

Western 

Gotland 

Basin 

Gulf of 

Riga 

Northern 

Baltic 

Proper 

Gulf of 

Finland 

Åland 

Sea 

Bothnian 

Sea 

The 

Quark 

Bothnian 

Bay 

ID  

SEA-007 

SEA-

008 SEA-009 SEA-010 SEA-011 SEA-012 

SEA-

013 

SEA-

014 SEA-015 

SEA-

016 SEA-017 

2007-

2011 

 

           

STMED  2,77 3,70 2,90 2,70 3,03  2,72 2,91 2,90 2,52 2,34 2,30 

STMEAN  3,74 4,27 3,26 2,84 3,13 2,75 2,93 3,03 2,55 2,34 2,36 

EOAMEAN    1,85 4,32 2,65 2,67 4,88 3,01 4,44 2,43 2,08 2,28 2,37 

EOGMEAN   1,62 3,39 2,28 2,23 4,47 2,58 3,81 2,17 1,92 2,06 2,16 

EOMED    1,60 3,23 2,42 2,41 4,69 2,67 3,86 2,37 1,96 2,11 2,19 

EOMODE   1,59 1,93 1,73 1,04 4,75 2,48 2,83 2,85 1,65 1,97 1,40 
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Figure 7. 
Geometric means 
estimated from  
chlorophyll-a from 
in-situ (blue 
columns) and EO-
data (orange 
columns). The 
standard deviation 
is expressed as a 
whisker and the 
number of 
observations (or in 
the case of EO-
data, observation 
days) is presented 
in the columns. 
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Subdivision of EO data on HELCOM assessment areas using HELCOM grids 

The use of HELCOM grids (10 and 20km grid sizes) were examined as calculation units for EO data statistics. 

This was done see how aggregation of EO data effects on the use of EO to the assessment. Both spatial and 

temporal aggregations were studied with altogether 10 discretization cases: 2 spatial and 5 temporal 

aggregation levels. The study started with a pilot area consisting of assessment areas SEA-12 - SEA-14 (see 

Figure 8 for all assessment areas). At the moment, the calculation of other assessment areas (SEA-7 – SEA-17) 

is on-going. 

 

  

Figure 8. HELCOM 20 km grid division overlaid on EO geometric mean concentrations for year 2008.  

There were no clear differences between 10k and 20 k grid sizes, thus examples are given with 20 km grid. The 

division of EO data with 20km grid proved to be sufficient for maintaining the spatial variation in EO data and 

reducing the amount of individual EO observations. The division of assessment areas to gridded data enables 

accounting for spatial variation within assessment areas. This is especially relevant for large, dynamic or 

spatially segmented assessment areas such as Eastern Gotland Basin or Gulf of Finland (see figure 8)  

In principle, it is possible to read all individual EO observations to HELCOM Assessment database. However, 

temporal and spatial aggregation of the data eases the adaptation and utilization of this notable large dataset. 

Figure 9 shows example of statistics derived from cell grid chl-a values for HELCOM SEA-12 area (Northern 

Baltic Proper). It shows that the influence of different aggregation time steps is not very relevant for median 

concentrations and percentiles of chl-a for different years.  Similar behavior was observed for arithmetic and 

geometric mean. However, occasionally the aggregation in time smoothens out highest concentrations i.e. 95 

percentiles in Figure 8 (especially for years 2009-2011). A more detailed description of the use of gridded data 

to spatially balance the assessment can be given in later meeting. At the moment, aggregated datasets using 

20 km grid are being calculated for the period 2003-2011. Currently, years 2006-2009 are ready. Once the 

whole dataset is ready, spatially balanced assessment procedure can be examined. 
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Figure 9. The influence of different time aggregation steps to the calculation of statistics for HELCOM assessment area 12 (Northern 

Baltic Proper). Thin bars represent 5/95 percentile limits and bold bars 25/75 percentile limits, median are shown as white dots for data 

for different years.  

 

Approaches for combining different data types to estimate chlorophyll-a status 
 

Methods and specifications 
We tested different approaches for combining data types to produce a final chlorophyll-a status estimate, to 

see how this affects the chlorophyll-a status estimate. The testing was done using in information from 

traditional in-situ data and EO-data, however bearing in mind that the methodology should enable the use of a 

third data type (eg. Ferrybox data) as well. The following approaches were tested: 

Approach 1: Choose for each sub-basin the method with best available data. 

- use ES-score (and n if ES-scores are equal) for choosing 

Approach 2: Averaging the two estimates, where possible.  

- where both data types exist, average the 2007-2011 estimates 

Approach 3: Weighted average of the two estimates where possible, weights achieved by multiplying status 

confidence (ES-Score) or the number of observations with a methodological correction factor. The correction 

factors were based on station-wise validation (for EO-estimate in comparison to in-situ -estimate 0.55 in the 

Gulf of Riga and 0.7 in other basins) 

- Alternative 3.1: for whole period, taking weighted average of 2007-2011 estimates.  

- Alternative 3.2: for each year separately, combining weighted averages of annual estimates to 

produce the 2007-2011 estimate.  

The approaches were tested for the present assessment period (2007-2011). As in-situ estimates, the 

chlorophyll-a assessment data was used (see BSEP 143). For the EO-estimate, the data presented in Table 1 

and Annex 1 of this document was used. The indicator methodology reported for the Eutrophication status of 

the Baltic Sea 2007-2011 (BSEP 143, Fleming-Lehtinen et al. 2015) was applied, except for the following:  

- Geometric means were used as annual or periodic (2007-2011) estimates for both in-situ and EO-data 

(sea reasoning earlier in this document).  
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- When using ES-Scores as confidence estimates, the numerical scale was slightly adjusted to make a 

difference between situations with no observations available and with a small number of observations 

available. High = 100%, Moderate = 50%, Low = 10% and no data = 0% (used in approaches 1 and 3a). 

- For EO-data, the number of 20K grid cells containing data multiplied with the number of observation 

days was used to describe n. This is in line with the proposed approach for the data format, as 

proposed below (used in approaches 1 and 3)  

 

Results 
Figure 10 presents chlorophyll-a status estimates produced using the four update approaches. In sub-basins 

where EO-based estimates and in-situ -based estimates vary substantially (see Fig. 7), the choice of combining 

approach may affect the estimate to a level up to 1.5 µg l-1.  

Aproach 1: Choosing the estimate best represented with data. 

Due to the vast data numbers, approach 1 lead to the use of EO-data in all sub-basins where this data type was 

used (SEA 07-17). Only the sub-basins lacking EO-data were estimated using in-situ data alone. At the present 

situation, this lead to a segregation between the approaches used in the southern from the one used in the 

northern sub-basins – which could however be overcome with satellite-images from the southern areas. After 

that, using this approach would lead to in-situ data in the future having only a role in the validation of EO 

algorithms. 

Approach 2: Averaging of estimates. 

In this approach, the two data types were used equally, regardless of the amount of the data. The sub-basins 

suffering from low confidence in the previous assessment, due to decreased numbers of in-situ data (SEA 11 & 

13-17), were not able to take full advantage of the new data type.     

Approach 3.1: Weighted average, using methodological correction factor and confidence scores. 

When methodological correction factors and confidence scores (ES-SCORE from HEAT 3.0) were used for 

weighing, both data types were used more or less equally in five (SEA 7-9 & 11) out of the sub-basins 

containing EO-data. This increased the role of traditional in-situ data, where it was used adequatly. In basins 

lacking in-situ data however (SEA 11 & 13-17), EO-data was used to compensate, though not completely.  

Approach 3.2: Weighted average, using methodological correction factor and observation numbers. 

When observation numbers instead of confidence scores were used for weighing, EO-data dominated the final 

status estimate in all cases where it was available. The result was observed to be the same when replacing n 

with CV (a statistical value combining standard error and n), and when a periodic weight estimate was used 

instead of annual weight estimates. 
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Figure 10. Chlorophyll-a status estimates produced combining EO- and in-situ -data. The estimates are presented for the sub-basins 

where results from both methods exist (7 Bornholm Basin, 8 Gdansk Basin, 9 Eastern Gotland Basin, 10 Western Gotland Basin, 11 Gulf 

of Riga, 12 Northern Baltic Proper, 13 Gulf of Finland, 14 Åland Sea, 15 Bothnian Sea, 16 The Quark and 17 Bothnian Bay. Approaches 

for each sub-basin, from left to right: Appr1 - choosing the estimate with best data coverage, Appr2 - averaging the two estimates 

where both data types exist, Appr3.1 -  averaging the two data types according to confidence in data using 2007-2011 averages and 

Appr3.2 same as previous by combining annual averages. Green columns indicate cases where predominantly EO-data was used, blue 

columns indicate cases where both data were used at least to the level of 40% (none of the cases were based predominantly on in-situ 

data). These are not the final results. 

 

Proposal 
 

Including data into the assessment data flow 
We propose to add EO chlorophyll-a data to HELCOM assessment database to increase the confidence of 

chlorophyll-a indicator. As the annual volume of individual observations (i.e. pixels) is easily 65 million for 

assessment area, inclusion of statistics for each HELCOM assessment area and sub-areas (20 km grid) is more 

preferable than inclusion of all observations. Thus, at this stage, we propose to include statistics per defined 

period (either annual assessment period or the period divided to 3 time aggregated steps) for each assessment 

area and 20 km sub-area (HELCOM grid) 

 (arithmetic and) geometric mean  

 mode (most frequently occurring value in dataset)  

 standard deviation 

 percentiles (5,25, 50, 75, 95) 

 N of observations that were used to derive statistics 

Furthermore, EO data allows for derivation of time series and histograms for each assessment area. This type 

of data is may not be storable in the database. Nevertheless, time series and histograms can be stored 

otherwise for assistance of assessment work.  



EUTRO-OPER 4-2015, 3-2 
 

 

Page 12 of 17 
 

In addition to the whole assessment area, we see that for cross comparisons between the MS (monitoring 

station) information and EO data, it is advisable to store data around most commonly used monitoring 

stations. This requires the identification of monitoring station locations that are of largest interest. For these 

station locations, a median value using 3x3 pixels around monitoring station location is most preferable.  

As the number of EO observations on assessment area and monitoring station location varies due to 

cloudiness and availability of EO data, we suggest that EO statistics using a regular grid is stored using HELCOM 

20 km grid division. This grid is sufficient for maintaining the spatial variations in the data. Gridded data can be 

used in assessment for balancing spatial variation for different data sources.  

The information collected with Alg@line flow-through instruments can be utilized using similar procedure to 

derive similar statistics (and time series) for the assessment areas for defined time periods. This will 

complement the caps produced by clouds in EO data.  

Updating the chlorophyll-a indicator using EO-data 
When deciding upon the approach to use when combining data types, one should keep in mind the following 

aspects: 1) The process to compute the final status estimate should be data-driven, in order for us to be able 

to use it in the EUTRO-OPER work flow, 2) we should use the approach we believe produces the most 

confident estimate, 3) the comparability to targets (GES boundaries) should be as good as possible, 4) 

harmonization between sub-basins should be optimal and 5) harmonization with previous assessment should 

be optimal (but not though sacrificing points 2-4). Table 2 presents a summary on how the different 

approaches take these points into account. 

All four of the approaches are data driven, to the extent that they can be repeated by algorithms in the 

EUTRO-OPER work flow. Appr3.1 and Appr3.2 apply a methodological correction factor that might be 

complicated to produce in the work flow, but the estimates are not expected to change in time, and can thus 

be given as constant factors that are checked at regular intervals. 

Of the approaches used, Appr3.1 and Appr3.1 provide the most confident final status estimates, since they 

take into account the data availability as well as, robustly, the uncertainty of the method used. The two 

approaches can even be developed further. Appr1 also takes the confidence into account, but where 

confidences are both good, the two data types are not taken advantage of together. 

The targets (GES boundaries) have been estimated using spatial normalization of data points (see BSEP 133), in 

attempt to provide true average of the sub-basin in question. The HELCOM COMBINE monitoring program has 

also been developed to provide an optimal coverage of the sub-basins. In practice, when monitoring is not 

ambient and number of observations is low, this is not always achieved. Thus, in-situ data, when in low 

numbers, does not provide a good spatial coverage. In addition, it does not take into account the high natural 

variability of the data. This leads to the conclusion, that Appr2 does not necessarily provide a confident final 

status estimate in all cases.  

If all data types are not equally available for the different sub-basins, the approach providing most harmony 

between them would be one combining the data types in relation to data availability and/or confidence. In the 

present case, where EO-data is unavailable from the southern sub-basins Appr1 causes a clear-cut 

methodological difference to appear at the boundary of these areas, and cannot thus be considered to 

optimize harmony across sub-basins. In practice, this applies also to Appr3.2, which has high dominance of EO-

data wherever present. Additionally, in-situ observation numbers are very low in the northern sub-basins, 

causing high variation in uncertainty of in-situ data between northern and southern sub-basins, implying that 

Appr2 could not be considered optimal either. It can be suggested, that Appr3.1 combines the two data types 

in the most conservative way, in the present situation maximizing harmony between sub-basins. 

Based on the reasoning above, we propose using weighted averaging (Appr3.1 or Appr3.2) when combining 

the two data types to produce a final status estimate. 
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Table 2. Summary on how the four approaches take into account the requirements set upon them (see text above). 

Aspect Appr1 Appr2 Appr3.1 Appr3.2 

1) Data driven Yes Yes Yes Yes 

2) Confident estimate Moderately No Moderately Yes 

3) Comparability to targets Yes Moderately Yes Yes 

4) Sub-basin harmony  No Moderately Yes Moderately 

5) Previous assessment harmony Moderately Moderately Moderately Moderately 
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Appendix A 

Before using EO chl-a data for the interpretation of the chl-a concentrations on HELCOM assessment areas, their validity 

in comparison to the ICES monitoring station measurements was analyzed for the period of 2007 - 2011.    

The comparison analysis between EO and ICES was made using 3x3 pixel median values of EO data around the monitoring 

station locations. Non-cloudy EO observations that occur on the same day as ICES measurements were included in 

comparison. The comparison was shown in last meeting, thus only the distribution analysis is presented here. 

The absolute bias that describes differences between ICES and EO chl-a results is less than 5 µg/l on 76.3 % of the dataset 

and less than 2 µg/l for 54% of the match-ups. Typical periods with high discrepancy in the data are cyanobacteria season 

and spring bloom, both of which are very dynamic periods with high temporal and spatial variation. The EO and MS 

datasets were further compared by first analyzing the shapes of the histograms using the match-up datasets that 

comprise similar amount of samples for both EO and MS data. The histograms produced from the match-up datasets are 

presented in Figure A1a and b. The histograms clearly show that both EO and MS data are not normally distributed but 

skewed. Histograms produced by both datasets show good fit with Burr distribution (1942) that is a log-logistic 

distribution. Figure A1 and b show the probability density functions (PDF) fitted to both EO and MS datasets using Burr 

distribution (Rodriguez, R. 1977). The similarity of EO and MS distributions in the match-up dataset shows that with same 

amount of observations EO and MS data would result in similar statistics for the assessment period.  

a) b)   

Figure A1 Histogram of a) EO data and b) MS data on station locations. Probability density function (PDF) for Burr 
distribution is fitted to both datasets.  

 
Table A1.  Statistics of chlorophyll-a [µg/l] measured on monitoring stations (ST), and by EO using areal median, 

geometric and arithmetic mean and mode of EO observations. EO data represents the whole assessment area. 

All years for assessment period 2007-2011  are presented separately. Annual period: 1.6.-31.9. HELCOM 

assessment areas: SEA-007 - SEA-017. 

Name  Bornholm 

Basin Gdansk 

Basin 

Eastern 

Gotland 

Basin 

Western 

Gotland 

Basin 

Gulf of 

Riga 

Northern 

Baltic 

Proper 

Gulf of 

Finland 

Åland 

Sea 

Bothnian 

Sea 

The 

Quark 

Bothnian 

Bay 

ID  

SEA-007 

SEA-

008 SEA-009 SEA-010 SEA-011 SEA-012 

SEA-

013 

SEA-

014 SEA-015 

SEA-

016 SEA-017 

2007             

STMED   2,60 1,73 2,55 3,35 4,23 2,45 1,17 2,90 2,10  3,37 

STAMEAN  2,97 1,81 3,12 3,26 4,36 2,33 2,50 2,90 2,10  3,37 

EOAMEAN    1,73 3,61 3,05 2,91 7,65 3,21 6,43 2,60 1,98 2,24 2,53 

EOGMEAN   1,70 2,83 2,92 2,75 7,22 2,84 5,42 2,35 1,87 2,08 2,37 
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EOMED    1,61 2,70 3,11 2,84 7,58 2,94 5,85 2,47 1,91 2,13 2,38 

EOMODE   1,53 1,24 4,04 2,14 7,23 2,35 6,47 1,65 1,68 2,15 2,05 

2008             

STMED  3,13 4,37 4,20 2,75  2,82 3,52 1,57 1,82  1,60 

STMEAN  3,61 4,14 4,35 2,99  3,18 3,78 1,57 1,82  1,61 

EOAMEAN    3,64 6,50 4,11 3,99 5,11 3,87 5,26 2,71 2,49 2,38 2,50 

EOGMEAN   3,62 6,03 3,71 3,64 4,87 3,51 4,54 2,49 2,36 2,21 2,33 

EOMED    3,67 6,80 4,08 3,81 5,02 3,59 5,28 2,81 2,47 2,49 2,41 

EOMODE   3,14 3,48 3,92 3,83 5,88 4,67 6,98 2,81 2,34 2,58 2,94 

2009             

STMED  2,60 3,51 2,90 2,75 1,01 2,66 3,07 2,48 3,28  1,51 

STMEAN  3,45 3,68 3,18 2,83 1,12 2,73 2,48 2,48 2,94  1,51 

EOAMEAN    1,85 3,78 2,02 2,08 3,87 2,86 3,71 2,36 2,18 2,42 2,40 

EOGMEAN   1,55 3,12 1,73 1,69 3,57 2,35 3,53 2,04 1,95 2,21 2,12 

EOMED    1,56 2,84 2,06 2,16 3,83 2,77 3,72 2,50 2,16 2,39 2,36 

EOMODE   1,82 1,83 1,84 2,26 3,97 3,29 2,45 2,81 2,25 1,32 1,50 

2010             

STMED  2,30 5,04 2,76 3,40 3,09 2,82 5,24 4,62 2,16  2,76 

STMEAN  4,65 6,19 3,06 3,24 3,41 3,07 5,17 4,62 2,39  2,76 

EOAMEAN    1,67 6,21 2,59 2,36 4,91 2,84 3,82 2,48 2,16 2,60 2,50 

EOGMEAN   1,50 4,82 2,45 2,22 4,57 2,53 3,44 2,31 1,99 2,32 2,29 

EOMED    1,61 3,99 2,48 2,24 4,69 2,61 3,44 2,34 1,92 2,37 2,34 

EOMODE   1,65 3,07 2,09 1,93 4,42 2,76 2,69 2,07 2,46 1,37 1,37 

2011             

STMED  2,78 3,71 2,40 1,50 0,95 2,74 1,02 3,58 3,22 2,34 2,49 

STMEAN  3,92 4,37 2,60 1,77 0,92 2,66 1,31 3,58 3,22 2,34 2,49 

EOAMEAN    1,73 2,93 1,83 2,06 4,37 2,64 3,65 2,13 1,79 1,91 2,01 

EOGMEAN   1,54 2,52 1,65 1,69 4,02 2,20 3,16 1,84 1,68 1,74 1,84 

EOMED    1,51 2,22 1,62 1,53 4,27 2,01 3,00 1,85 1,74 1,88 1,76 

EOMODE   1,23 1,66 1,35 0,91 2,85 1,15 2,76 0,94 1,13 2,01 1,30 

2007-

2011 

 

           

STMED  2,77 3,70 2,90 2,70 3,03  2,72 2,91 2,90 2,52 2,34 2,30 

STMEAN  3,74 4,27 3,26 2,84 3,13 2,75 2,93 3,03 2,55 2,34 2,36 

EOAMEAN    1,85 4,32 2,65 2,67 4,88 3,01 4,44 2,43 2,08 2,28 2,37 
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EOGMEAN   1,62 3,39 2,28 2,23 4,47 2,58 3,81 2,17 1,92 2,06 2,16 

EOMED    1,60 3,23 2,42 2,41 4,69 2,67 3,86 2,37 1,96 2,11 2,19 

EOMODE   1,59 1,93 1,73 1,04 4,75 2,48 2,83 2,85 1,65 1,97 1,40 

 
 

Methods to describe the data processing and matching of EO and monitoring station data 

Examples of EO data comparisons with monitoring station data are given for the test period of 2007-2011. The 
image pixels that are covered by clouds or cloud shadows have been removed from each EO-image through a 
combined automatic and manual screening process, leaving a final product with only the pixels which have an 
undisturbed visibility to the satellite instrument. 

Statistics for the HELCOM-area 

The areal statistics for each HELCOM-area were computed from the clear pixels for each day for which an EO-
image is available within the annual assessment period (1.6.-30.9.). The statistics comprise arithmetic and 
geometric means of EO-observation of all clear pixels, median and mode values, percentiles of the distribution 
(5..95 % in 5 % increments, and 2/98%). 

Sampling the EO-observations to match the monitoring station measurements 

To complement the areal statistics, sampling of EO-data at each monitoring station was computed. For each day 
within the annual assessment period, the EO-observations that match to each monitoring station were 
extracted, which produces a dataset of daily EO-observations for each measurement station. 

To reduce the effect of the small noise present in EO-observations and to smooth out the spatial variability of 
chlorophyll-a nearby the measurement station a sampling algorithm was used. The windowed sampling 
algorithm finds the closest EO-observation pixel to match each monitoring station and extracts the EO-
observations for the 3 x 3 pixel window centred at the monitoring station (spatial coverage 900 m x 900 m). The 
median value from the window was used to represent the EO-observation for the monitoring station. The 5/95% 
and 25/75% percentiles of the values from the 3 x 3 pixel window were used to estimate the confidence limits 
for the observation. 

 
Figure A1. An example of the 3 x 3 pixel sampling window used to sample the EO-observations for monitoring 
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station no. 508, and a graph of the produced samplings that represent the observations at that monitoring station. 
Each pixel has a spatial coverage of 300 m x 300 m (image is distorted due to the used map projection). 

 

Sampled statistics of the EO-observations for the HELCOM-areas 

The sampled EO-observations for each monitoring station were used to compute daily statistics for each 
HELCOM-area. For each day within the assessment period, the algorithm collects the monitoring stations that 
fall inside the particular HELCOM-area, and uses the sampled EO-observations to compute a representative 
statistics for the whole area (arithmetic and geometric mean, median and percentiles with 5% increments). The 
distribution of the sampled values is visualized by the 5/95% percentiles and 25/75% percentiles. 

 


