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Monitoring of 
Inland Waters 

• The monitoring and management 
of inland bodies involves an 
integrative approach.  

• Conventional monitoring and 
analysis of lakes can be time 
consuming and labour intensive. 

• Collection is often carried out at 
a single point (e.g. the deepest 
point), which may not necessarily 
be representative of the entire 
water body. 

• Sampling generally relies on grab 
samples - limited temporal 
resolution - likely to miss episodic 
events.  

• Need for improved, more cost 
effective monitoring 
programmes.  

 
 



Monitoring in Ireland 

• Over 12,000 lakes in Ireland. 

 

• 812 lakes characterised for 
WFD monitoring. 

 

• From this approx. 200 lakes 
monitored during each WFD 
cycle to assess Irelands water 
quality. 

 

• Could Ireland benefit from 
remote satellite sensing? 

 

 



Remote Sensing 

• The use of satellite remote 
sensing is one of the 
options.  

• It has the potential to : 

• Mitigate the spatial and 
temporal limitations of 
traditional monitoring 
techniques  

 

• Increase the numbers 
and frequency at which 
surface waters can be 
monitored. 



Sentinel 2   
• Satellite EO been used since the 

late 1950’s  

• Recent advancements in 
technology has improved 
resolution.  

• ESA Copernicus project – series 
of satellite missions to monitor 
all aspects of earth. 

• Sentinel 2 mission: 
• Two polar orbiting satellites 

(2a&2b) fly in tandem on a 
polar orbit. 

• One orbit takes 90 – 100 
minutes, with 50 minutes 
between satellites.  The two  
working on opposite side 
orbits making terrestrial 
observations. 

• Revisit time 3-5 days. 
 



Revisit Time in Ireland  



• Multi-spectral data with 13 
bands in the visible, near 
infrared, and short-wave 
infrared. 
 

• Spatial resolution 
dependent on spectral band 
(10-60m). 
 

• Can detect optical water 
quality parameters in 
smaller inland waterbodies. 
 

• Can it successfully be used 
for a range of Irish lakes, 
given complex topography 
and issues relating to cloud 
cover?  

 

Sentinel 2 Mission 



The INFER Project  
Aims to determine the potential of 
using satellite remote sensing as a 
tool for inland water quality 
monitoring in Ireland  

• Collate historical water quality 
data for lakes & Transitional and 
Coastal (TRAC) waterbodies in 
Ireland  and compare to 
historical in situ data. 

• Establish the best available 
remote sensing products 
appropriate to Irish conditions. 

• Carry out in situ monitoring to 
validate remote sensing 
observations and provide 
atmospheric correction data to 
improve predictive power. 



Complexities Between 
Waterbody and Satellite  



Validation of 
Satellite Data 
 
• The largest part of the signal 

measured by satellites (often 
more than 90%), above 
waterbodies originates from 
the atmosphere not from 
water.  

• Necessity for measurements 
of water reflectance in order 
to develop robust atmospheric 
correction methods. 

• A sampling campaign began 
in summer 2019 and will 
continue until late summer 
2020. 



Ways to Measure in situ Reflectance  
• Numerous radiometers 

and hyperspectral on the 
market  
 

• Range in cost  
 

• Some more suited to 
marine environment while 
others more suited for 
inland  
 

• Different range of set-ups  
• Two sensor  
• Three sensor  

 
• Two Sensor TRIOS RAMSES 

chosen for INFER Project  
 



Sampling Overview 
• Five sampling sites chosen per 

waterbody (based on EPA sampling 
locations). 

• At each sampling point the following 
are taken 
• pH, Conductivity, DO, alkalinity 

• Phytoplankton counts  

• Chl a & Suspended Sediment 

• DOC analysis  

• UV-Vis full scan  

• Fluorescence Spectroscopy  

• True colour  

• In addition, reflectance 
measurements will be taken for 
atmospheric correction calculations 
using TRIOS Ramses hyperspectral 
radiometers using methodology of 
Kuster et al. (2013). 

 



Historical Water 
Quality Data  

• Water quality data obtained 
from EPA, Local Authorities, 
Inland Fisheries, etc.  

• Historical data matched 
with cloud free satellite 
images. 

• Split into two timeframes: 
• 2015-present – Using 

Sentinel 2 mission 
• 1984-present – Using 

Landsat 5-8 mission 
• Only sampling stations 

in “open water” or > 
30m from shore (or 
island) were 
considered. 

 



Sampling and Matching Dates (Unique for Lakes) 



Glint Removal Procedure (Kuster et al., 2013) 

• Water reflectance is calculated 
from upwelling radiance (Lu) and 
downwelling (Ed ) irradiance using 
TRIOS Ramses sensors. 

• A second measurement is then 
taken using the 5 cm black plastic 
tube attached to the radiance 
sensor and holding it just above the 
water surface to remove glint 
providing water leaving radiance 
(Lw). This provides reflectance with 
no glint (Lw/Ed) and reflectance 
(Lu/Ed) that does contain glint. 

• A corrected spectrum is then 
obtained by subtracting the glint 
spectrum from the reflectance 
(Lu/Ed) (Kuster et al., 2013).  

 



Changes to Methodology  
•  The method described by Kuster et al. (2013) 

uses 5cm tubing attached to radiometer and 
placed just below the surface to block glint. 

 

• The 5 cm tube depth was found to be 
insufficient in windy conditions and did not 
keep the sensor above the water surface 
while still blocking glint. 

 

• A range of alternative tube lengths were 
trialed in the laboratory to increase the 
distance of the sensor from the waters 
surface while still blocking glint.  

 

• Based on these trials a larger tube (12cm) 
was designed and fabricated using 3D 
printing.  

 

• This ensured the sensor stayed above the 
surface even in windy conditions, while still 
blocking glint. 

 



Irish Reflectance 
Measurements  

Fig.2 Measurement of lu/ed (above), lw/ed (below) and corrected 
lu/ed using the power function procedure at Lough Muckno 
09/12/19 

Fig.1 Measurements of lw/ed just below the surface of Lough 
Muckno 14/11/19 

• Reflectance measurements 
successfully collected using 
extended tube length to block 
glint.  

 
• Trialed a range of options to 

hold sensors above the water.  
 
• After consultation with Tiit 

Kutser using the sensors 
handheld over the surface 
deemed most suitable as 
sensor needs to remain above 
the surface while tube just 
below.  



Field Challenges 

 •Glint free reflectance lw/ed 
from a boat in open water in 
normal Irish conditions 
relatively easy to collect. 

 

•Adjustment to 5 cm tube 
recommended by Kutser et al., 
(2013) required in order to 
account for more turbulent 
Irish conditions.  

 

• There are ongoing challenges 
surrounding the frequency and 
extent of cloud cover in Ireland, 
making it difficult to collect in-
situ validation data.  

 



Thanks for Listening!   

“This project is funded under the EPA Research Programme 2014-2020. The 
EPA Research Programme is a Government of Ireland initiative funded by the 
Department of Communications, Climate Action and Environment.” 


