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Trophic levels

Anthropogenic impacts driving many aquatic
systems to eutrophic states:

e Agriculture & husbandry
e Urbanization

o Habitat destruction/land change
o Untreated sewage
o Land erosion
e Floods

Eutrophic

o . pogrewive
Source: MichiganlLakelnfo
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https://www.michiganlakeinfo.com/lake-water-quality
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Impacts of eutrophication

e Increased BOD

e Potential anoxia

e Reduced biodiversity

e Toxic cyanobacterial blooms

e Increased undesirable emissions (CH,, H,S)

e Loss of ecosystem services

e Indicator /outcome of anthropogenic impacts and water quality deterioration.  source: Online Science Notes
e Reporting of chl-a concentrations required measurements of the EU WFD.
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https://onlinesciencenotes.com/eutrophication-causes-effects-and-controlling-measures/
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Harmful algal blooms have become common in Lake Sevan
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Inner
Membrane Stroma

Chlorophyll-a as proxy

space

e Pigment found in plants and algae (Vital for
photosynthesis)

e Generally agood correlation between chl-a
concentrations of algal biomass

e Could be used as proxy to detect occurrence and

quantity of algal blooms

Granum Lamella (inside of thylakoid)

(stack of thylakoids) Thylahold

e Used as anindicator to monitor water quality
Source: Wikimedia Commons
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https://commons.wikimedia.org/wiki/File:Chloroplast-new.jpg
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Chl-a remote sensing

Gamma Ultraviolet Infrared
Rays X-Rays Rays Rays Radar FM| TV |[Shortwave| AM
Higher reflectance in lower 1x10 1x107'2 1x10%8 1x10* 1x 102 1x102 1x10*
2 Wavelength (in meters)
wavelengths (blue + green regions) at
lower [chl-a]
Visible Light

=> Challenges in inland waters with
higher chl-a + humic substances

4x107 5x 107 6 x 107 Z:%.10"
Wavelength (in meters)

>

High Energy Low Energy
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Satellites used in remote sensing

Landsat 4-5 Landsat 7 ETM+ Landsat 8 Sentinel 2

O O O O
2009-2011 2012 2013-2015 2015-2019
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Wavelengths and bands of used satellites

1.0
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Collect in-situ data (e.g.

. . historical datasets, PONTOS -
Identify Appropriate field data) Compare in-situ &

Sensor(s) & < Remote Sensing

Data Product(s) data

Work with Satellite Imagery
(download, pre-processing)

4 )
.y Finalize the results -
Communicate .
AUEMEO G to be integrated into Prepare the first
eutrophication T PONTOS blatf ~— Results to e results
assessment platiorm Stakeholders
- AN Y,
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Copernicus Open Access Hub

Method used

e Images downloaded from Copernicus Open T 1 Ao
Access Hub & USGS Earth Explorer : ?’
e Images then processed in SNAP with C2RCC

Image nomenclature: _ :
S2A_MSIL1C_20200729T090601 _ _RO50_T35TKF_20200729T112307 | Wit |
mission ID Relative Orbit Product R o o D I
Product number Discriminator
Level Tile Number
field .

https://scihub.copernicus.eu
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Estimate chl-a concentrations via C2RCC

e Started as The CoastColour Project

e Amended by additional neural networks and

eventually renamed Case 2 Regional CoastColour
(C2RCC)

e Isapplicableto all past and current ocean colour
sensors as well as Sentinel 2

e Isavailable as a package in ESA's SNAP Toolbox |
Figure 4: C2RCC processor family tree

Source: Brockmann et al., 2016
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Estimate chl-a concentrations via C2RCC

.
The model uses 5 components for scattering and Y , .
R o
. + E
absorption £5 D—D
- —
i i | s B d
1. plgment absorption (apig) - B
2. detritus (adet) Bl — 8
s} E’I |—
3. gelbstoff (agelb) - E— n
:‘ :Vlgliieafzzzlcii:;’iz\gaig;ecra(llg’?g;(;us Sy §§ O—— N
0 = ~ b
y gF& D W
IOP components conversion in-water
|OPs of o— ; ;
water constituents za t::) ;‘g',fﬁ: model fatom pracucts

Source: Brockmann et al., 2016
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Hands on work

Open ESA SNAP Tool

Open map file

Subset

Resample based on 10m resolution
Using C2RCC tool, calculate chl-a & TSM
Export maps

Statistics

Compare the 2 maps

R IR TN =
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A peak into bloom drivers

Mean yearly temperature, trend and anomaly, 1979-2022.
Sevan 4055N,44 94 E

anomaly siripes
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Challenges and limitations

1. Higherinaccuracies from shallow areas due to bottom reflections
2.
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Eutrophication dynamics (Lake Sevan, Armenia)

Distinct dynamics within years (algal blooms generally appearing in July)

Jun 2018 Sep 2018

Jul 2018 _ Aug 2018

conc_chl [mg m*-3] conc_chl [mg m*-3]

j W . A -

6.88 10.95 15.01 1938 4 235 0.0 0.2

266
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