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ABSTRACT: An implementation of the WFD requires all surface waters in the EU to achieve at least good status; this 
requirement has not been achieved in Ireland. Just over 30% of transitional waters and 79% of coastal waters were satisfactory at 
good or high status. Irish transitional and coastal (TraC) waters are threatened by the synergistic effects of multiple environmental 
pressures such as nutrient enrichment, oxygen depletion and acidification. The overarching aim of this research is to assess a 
potential use of chlorophyll-a Remotely Sensed (RS) products to inform and improve Irish TraC water monitoring programme 
under WFD. In this research, the accuracy of level-3 and -4 processed chlorophyll-a concentrations derived from satellite 
observations of water colour has been analysed for Irish TraC waters. In total four datasets derived from four missions and for 
four retrieval algorithms have been inter-compared and validated against in-situ data on various temporal and spatial scales. The 
research shows that temporal and spatial coverage of RS data is very good in overall and VIIRS provides the most accurate set of 
chlorophyll-a concentrations in Irish TraC waters. The chlorophyll-a data derived from remote sensing observations have a 
potential to complement the TraC water monitoring and improve the current programme. The outcomes of this research are 
immensely important for surface water monitoring programme and water quality, and as such to policy makers, waters 
management bodies, scientists and local communities.  
 
KEYWORDS: Chlorophyll-a; Eutrophication; Water Quality; Irish Transitional and Coastal Waters; Remote Sensing; Water 
Framework Directive; CMEMS programme; Copernicus Services 

 
1 INTRODUCTION 

Surface waters are an essential renewable natural resource for 
both humans and the environment. However, there has been 
observed a continuous deterioration of their quality across 
Europe in the last five decades [1] due to multiple 
environmental pressures such as nutrient enrichment, climate 
change and acidification that co-occur in a waterbody and pose 
a serious threat to an aquatic ecosystem [2]. Whilst it is 
recognised that various sectors exert pressures on water 
resources, the agricultural activities through the excessive input 
of nutrients, sediment, oxygen-using matter, chemicals and 
pathogens are the most significant contributor to water 
pollution and subsequently to a reduction in water quality 
status. The nutrient enrichment is the direct and prominent 
consequence of agricultural activities, and, as it causes 
eutrophication, it remains the most significant issue currently 
impacting water quality.  
In the light of enormous environmental pressures on surface 
water environments, monitoring as required by the Water , 
Directive (WFD) is immensely important. An implementation 
of the WFD requires all surface waters in the EU to achieve at 
least good status; this requirement has not been achieved in 
Ireland. In the most recent assessment report on Irish water 
bodies, 31% of transitional waters and 79% of coastal waters 
were satisfactory at good or high status [8]; this compares to 
45% and 93% in 2010-2012 report [3] and reflects the 
intensification of activities and vulnerability as ultimate 
receptors of natural and anthropogenic nutrient loading. In 
total, 53 transitional water bodies and 17 coastal water bodies 
have been identified as at risk [4]. 

Phytoplankton is used in numerous environmental 
monitoring programs to assess the status of a waterbody 

because of its capacity to integrate changes in the ecosystem in 
a short period. Such a system of assessing the status of a 
waterbody only by using chlorophyll-a concentration as a 
measured variable was developed as it was quick and 
reasonably accurate.  
The monitoring programme of Irish transitional and coastal 
(TraC) waters undertaken by EPA is based on in-situ data 
collection and laboratory analysis. Such a conventional 
approach is currently very expensive and time-consuming 
while limited in terms of spatial coverage and temporal 
frequency. Moreover, due to the highly heterogeneous complex 
nature of surface waters, sparse monitoring data prohibit 
understanding of how pressures interact with environmental 
factors and impact on biological receptors under certain 
hydrological regimes. An additional source of data such as the 
remote sensing data, which allows frequent surveys over large 
areas, can help to address problems associated with these 
complex interactions. Thus, as the earth observation records 
become more available, remote sensing techniques have now 
the potential to provide an invaluable, cost-effective 
complementary data for operational monitoring of surface 
waters [5]. 

Giardino [6] found out that some of the components and 
parameters included in the WFD guidelines can be determined 
by remote sensing with reasonable accuracy. This is 
particularly important in the Irish context, where the selection 
of monitoring sites for operational monitoring is heavily 
influenced by the accessibility of sites for sampling. In such 
circumstances and considering that deterioration of water 
quality is caused by optically active substances, the effect of 
these changes can be observed with optical remote sensing 
instruments. Remote sensing observations have been used 
operationally (NASA, ESA) to measure ocean colour for many 
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years providing improved geographical knowledge of pollution 
sources and pathways. Unfortunately, the ocean colour sensors 
have or had coarse spatial resolutions that make them 
unsuitable for remote sensing applications over coastal and 
transitional waters. Moreover, the optical complexity of 
shallow, turbid waters, atmospheric correction issues, 
adjacency effects and some other unresolved problems add 
additional challenges to TraC water remote sensing (case 2 
waters) which are not issues in the ocean colour remote sensing 
(case 1 waters). The optical complexity of TraC waters is due 
to the fact that these waters are typically characterised by high 
concentrations of phytoplankton biomass, mineral particles, 
detritus and CDOM that typically do not co-vary over space 
and time. For these reasons algorithms for case 2 waters are 
difficult to develop. Their applicability between different water 
bodies is a limiting factor too as [7] demonstrated for Irish 
waters. In this light, the overarching aim of this research is to 
assess the accuracy of chlorophyll-a data for Irish coastal 
waters derived from CMEMS remotely sensed products and to 
determine whether this data can be employed to inform Irish 
TraC water monitoring programme. The adequate monitoring 
TraC waters are crucial to our ability to understand and 
disentangle the effects of pressures and environmental change 
on aquatic ecosystems. 
 

2 METHODOLOGY 

 Data 

2.1.1 In-situ Data 

In Ireland, transitional and coastal waters cover an area of 
approximately 14,200 square km out of which only 30.5% is 
currently being monitored under the water quality monitoring 
programs undertaken by the EPA and Marine Institute [8]. The 
transitional waters network consists of 193 monitored water 
bodies and the coastal waters network consists of 101 
monitored water bodies. Under the National Environment 
Monitoring Program (NEMP) undertaken by EPA as required  

 

 
Figure 1. Map of in-situ measurements locations. 

 
by WFD, the EPA monitoring programme monitors 40% of 
these [8]. In this study, chlorophyll-a data collected from 43 

locations operated by EPA monitoring and 12 locations 
operated by the Marine Institute under the Marine Framework 
Directive were used to assess RS processes chlorophyll-a 
products. These locations are shown in Figure 1. 

 

2.1.2  Remotely Sensed Data 

In this study, level-3 and level-4 processed chlorophyll-a 
concentrations derived from satellite observations of water 
colour are investigated. These data have been acquired from the 
Copernicus Marine Environment Monitoring Service 
(CMEMS) repository. 

In total four datasets MODIS, VIIRS, OLCI and MULTI-CCI 
summarized in Table 1 were used. 

 
Table 1.  Description of sensors and algorithms in four 

datasets used in this study. 
 

Algorithm Sensor/s Satellite Mission 
Providing 

Organization 
    

(chl_oc4) 
algorithm 
and the Hu 

colour 
index (CI) 
algorithm  

MODIS-
aqua 

EOS-aqua NASA 

Case 2 
algorithm 
developed 
by (Carder 

et al., 
2003) 

VIIRS NOAA-20 NASA 

"OC4Me" 
Maximum 
Band Ratio 

(MBR) 
semi-

analytical 
algorithm, 
developed 
by (Morel 

et al., 
2007) (cf. 

O’Reilly et 
al. 1998) 

OLCI 
Sentinel 3A and 

3B 
ESA 

MULTI-
CCI 

MODIS 
MERIS 

SeaWiFS 

MODIS on EOS-
aqua 

MERIS on 
ENVISAT (no 

longer 
operational) 
SeaWiFS on 

OrbView-2 (no 
longer 

operational) 

All three 
missions 

were 
undertaken 
by NASA 

 
Three datasets MODIS, VIIRS, OLCI are generated by 
processing ocean colour reflectance observations from three 
sensors onboard three satellite missions. Each dataset was 

A B 



processed with different retrieval algorithm. In contrast, the 
MULTI-CCI dataset is a single quality unified product that 
combines data from 3 cross-mission satellite sensors MODIS, 
MERIS and SeaWiFS.  
The sensors measure reflectance in blue-to-green region of the 
visible spectrum. Fluorescence is the emission of the higher 
wavelength of electromagnetic waves (either invisible or 
invisible part of the spectrum) after reflection from a surface 
(chlorophyll-a pigments in this case) after a lower wavelength 
of waves is incident on it. This reflected light is then measured 
to determine the concentration of chlorophyll-a in water using 
a retrieval algorithm which empirically relates the 
concentration of chlorophyll-a with reflectance observation in 
a sample of water. A phytoplankton concentration is estimated 
from the chlorophyll-a concentration. This technique, however, 
has its significant shortcomings due to weather and climatic 
conditions (aerosols, sun glint, clouds), water quality (non-
chlorophyll-a water colour, turbidity) and inability to 
differentiate between various species of algae and 
phytoplankton present in a waterbody. 
The MULTI-CCI dataset is available for the period 2011-2016 
and consists of 1-month median composite data, while  
MODIS, VIIRS, OLCI datasets provide chlorophyll-a 
concentrations for the year 2017 at 8-day temporal resolution.  
The study area is delineated by following  coordinates: 2°W to 
14°W and 49°N to 58°N. Study domain covering Irish coastal 
waters is shown in Figure 2. 
 
 

 
Figure 2. Study domain delineated by green box. 

 
 

 Procedure 

Summary of major steps involved in post-processing RS 
data is presented in Figure 3. The chlorophyll-a data restricted 
to the study domain were downloaded from Copernicus 
CMEMS repository in NetCDF format and subsequently 
converted to ASCII format using a range of plugins and 
FORTRAN scripts to be analysed in Matlab and ultimately 
visualized in Tecplot and Matlab. A total of 356 datasets were 
processed in this study. 

 

 
Figure 3. Summary of major steps in processing RS data.  
 

 
The in-situ and RS data were analysed jointly in order to: 

 Assess availability of  RS chlorophyll-a data for Irish 
TraC waters 

 Assess the accuracy of  RS chlorophyll-a data in Irish 
TraC waters 

 Determine suitability of RS chlorophyl-a data to inform 
and improve water quality monitoring programme 

 
 

3 RESULTS AND DISCUSSION 

 RS Data availability 

One of the greatest difficulty with using remote sensing data is 
to obtain a full clear coverage of the area of interest with a 
single sensor observation [9]. This is particularly valid for Irish 
continental shelf region where dense cloud cover occurs 
frequently. Figure 4 presents the spatial distribution of data 
availability for the year 2017 at 8-day temporal resolution.  

 
 

 

Figure5. Availibility of MULTI-CCI data for 2015. 
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In overall, VIIRS, MODIS and MULTI-CCI have a satisfactory 
level of temporal coverage with data available for over 90% of 
the time. As expected temporal coverage decreases in 
transitional inshore waters with less than 50% data available in 
this region in the year 2017. Also, temporal resolution 
decreases to approximately 60% in offshore waters west of the 
continental shelf. 

 
 

 
 

 
 

 
Figure 4. Percentage of chlorophyll-a data available for 2017. 

   Temporal distribution of data available for Irish coastal 
waters in the year 2015 for MULTI-CCI dataset is shown in 
Figure 5. Between April and October, chlorophyll-a data cover 
over 92% of the domain, while this number reduces 
significantly during winter months to less than 40% in 
December. Similar annual patterns are observed for all 
MULTI-CCI data analysed in the period 2000-2016. 
 

 
 

Figure 6. Comparison between in-situ measurements and 
RS data for 2017. 

 

 RS products validation 

In the year 2017, in-situ chlorophyll-a data were collected at 
18 locations shown on the map in Figure 1. Comparison 
between in-situ measurements and RS data for 18 locations is 
shown in Figure 6. While OLCI and MULTI-CCI 
underestimate chlorophyll-a concentrations, MODIS tends to 
overestimate concentrations. As shown in Figure 7, the best 
agreement is obtained between in-situ and VIIRS data with the 
determination coefficient of 0.52. 

 

 
 

Figure 7. Correlation between in-situ and VIIRS 
chlorophyll-a data overlaid by a linear trend line. 

 
 

Although the RS chlorophyll-a data are correlated with field 
measurements, some discrepancies between two sets of data 
exist. This could be attributed to multiple causes resulting from 
instrumental (bandwidths, sensor design), algorithmic 
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(atmospheric correction, calibration) and spatial-resolution 
(proximity to land) problems. 
Although more data and comparisons would be required to 
strengthen current validation and draw robust conclusions, it 
seems that RS data has a potential to complement the TraC 
water monitoring programme. And as such, it can inform the 
programme in relation to the best location for in-situ 
measurements and temporal resolution of data collection within 
the monitoring programme. And therefore, it can provide 
recommendations for future improvements. Also, the spatial 
and temporal distribution of RS data can be used to investigate 
the chlorophyll-a dynamics on both inter-annual and short 
timescales and the effects of geographical location on 
chlorophyll-a abundance. 
 
 

(a) 
 

 
(b) 

 
Figure 8. Temporal variation in chlorophyll-a concertation 

for 2017 at (a) point A and (b) point B (see Figure 1 for points 
location). 

 
 
 
 

 
 
 

 Chlorophyll-a distribution 

Figure 8 shows the temporal resolution of chlorophyll-a 
concentrations on the west of Ireland (point A) and in the Irish 
Sea (point B). In 2017, chlorophyll-a concentration peaks in 
May and reduces significantly in the following month.  

 

 

 
 

 
Figure 9. Spatial distribution of maximum, mean and 

minimum chlorophyll-a concentrations (mg/m3) derived from 
MULTI-CCI data for 2000-2016. 



As point A is located at the edge of the European Continental 
Shelf, this temporal pattern is consistent with long-term 
observations in the North East Atlantic. In the Irish Sea, the 
temporal variations are more uniform throughout the year with 
concentrations reaching 1 mg/m3 between March and 
September. 

Spatial distributions of maximum, mean and minimum 
concentrations of chlorophyll-a are shown in Figure 9. The 
peak values reaching 3mg/m3

 occur along the coastline and in 
the Irish Sea where warm, nutrient-rich waters prevail and 
conduce to an increase in the primary production. A similar 
pattern is observed during winter months with minimum values 
exceeding 0.8 mg/m3 in the Irish Sea. 

 
 

4 DISCUSSION AND CONCLUSIONS 

In this research, the accuracy of chlorophyll-a data derived 
from CMEMS remotely sensed products for Irish coastal 
waters is assessed and its applicability to complement existing 
TraC water monitoring programme is determined. Major 
conclusions from this research are as follows: 
 in overall temporal coverage of RS data is very good with 

over 90% data available annually. Data availability reduces 
in transitional inshore waters and in offshore waters west of 
the continental shelf. Also, data coverage for summer 
months exceeds 92% and reduces below 40% during winter 
months 

 temporal pattern of May peaks in concentrations and rapid 
decay in following months is consistent with long-term 
observations in the North East Atlantic. Higher and in 
general less temporarily variable concentrations are 
observed in the Irish Sea. 

 RS data has a potential to complement the TraC water 
monitoring programme and help to improve the design of 
the current programme in terms of location and timing of 
in-situ sampling 
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