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Measuring the interaction between Sun
light and natural surfaces
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The colour of water @_
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The colour of water reveals Its con,tents

» Avrefreshing glass of water may appear
colourless, but water is actually a faint blue

colour N
 The blue colour becomes visible

when we look down into, or
through, a large volume of water
—> Water itself has an intrinsic
blue colour that is a result of :
absorption and backscattering
of Sun light ”

. We see natural water in a
variety of colours. It may
be colored by the presence
of dissolved/particulate
substances




The colour of water reveals 1ts contents

Refled ance
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The colour of water reveals 1ts contents

Dissolved organic matter
or Yellow Substances

Mineral particles suspended inside the

Origin: fluvial transport, in situ : :
water body (sand, clay, silt, detritus...)

phytoplankton degradation,

agriculture Origin: fluvial erosion, sediment re-
suspention
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The colour of water reveals 1ts contents

— * Most algea appear green due to
chlorophyll

» Sediment reflects and is therefore
bright

e Toxic cyanobacteria look blue-
green

e ...and soon

Reflectance (%)
@




The colour of substrates
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The colour of lakes




The colours of Lake VVanern, Sweden
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Optically complex system

Challenge for EO in lakes is the mixture of:

e optically shallow,

e and optically deep waters (gradients of clear, turbid and productive waters &
varying bottom visibility)

e substrate visibility and optical complexity affects water quality parameters model
retrievals

e atmosphere strongly impacts on the water signal
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....also spatially complex




....with a high degree of chang
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How does It work?

Radiative transfer in
the water column
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Atmospheric/illuminating conditions

Dissolved or suspended substances

Sun-target-observer geometry

Water status
== Bottom characteristics

Environmental
conditions




Malin parameters derivable from optical
satellite (VIS-NIR)

» Water leaving reflectance

» Abs coefficients

 Chlorophyll-a

 Total Suspended Matter

e Yellow Substances

e The diffused attenuationas  {
measure for the water
transparency 5 - |

 Phytoplankton pigments T esensniom

« Scum and floating matter

* Macrophytes

» Bottom properties and depth




Selected Applications — Himalayan lakes

» Lake-glacier interaction as a response of
climate change at regional scale

» Glacial retreat - transport of debris into
glacial lakes - change turbidly and color

» Evaluation of lake colour and lake shapes
/ size from Landsat (few shot -
possibility to have 40 years of records)
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Hlmalayan lakes iz

11
24
N
ar
43
46
67
7
?5

8?
9 |
a7
99
13
115
119
123
129
13
136
139
141

161 |

1002*

Grey lakes are generally more
elongated and larger than blue
Change detection 2014 — 2010
on the 255 classified lakes
showed a increase of grey lakes
and a decrease of blue

If these lakes are commonly
elongated shapes and larger

If these lakes are supraglacial
they might be risky for outburst
flow

1010
1012
1014°
1016*
1018*
1020*
1022
1024
1026
1028
1030
1032
1034
1036
1038*
1040*
1042*
1044*
1046
1048
1050
1052
1054
1056*
1058

1004
1008 |

1m:

Percentage of
blue/turquois/grey pixels
for lake

E

_::
e

&888%83232223323“

00%

1037

1041

1047

1051
1053
1055
1057+
1059
1061

Area (km?)

Shape Index

a)
2
<
<
<
1 °
<
s <
<
<
: é
0 = - ;
blue turquois grey
Water color classes
b)
1.0
%
0.8 1 T %
0.6 1
$ T 1
0.4 1 8
0.2
0.0 . . .
blue turquois grey

Water color classes

Giardino et al. 2010 - MRD
Matta et al. 2014 - MRD



Selected Applications — deep clear lakes

» Impacts from climate change are not
well understood in deep clear lakes, but
are hypothesized to:

make increase primary production

change phenology

Increasing of harmful algal blooms

Variation of macrophytes densities

 Critical years have a strong impact on
water quality (e.g. cold winters in
subalpine lakes causes a complete
circulation of water with consequence
on bottom nutrients available for spring

and species

Changing in biodiversity

blooming)

Giardino et al. 2014 - Sensors
Bresciani et al. — submitted
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Deep clear lakes

» The results presented in this report showed the
great capability of MERIS to perform trend
tests analysis on trophic status with focus on
chl-a concentration (possibility to extend with
OLCI and MODIS/SeaWiFs (largest lakes)
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Deep clear lakes — coastal zones

» \ariation of macrophytes densities and mmmm Dense Macrophytes
. === Sparse Macrophytes
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* The results show a considerable modification terms of macrophyte structural
complexity and colonized area

« Well-established submerged macrophytes are replaced by de-structured communities
characterized by moderate to scarce density

« Macrophyte distribution respond to water transparency and water level fluctuation.
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Chl-a (mg/m®)

Selected Applications — shallow lakes
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Selected Applications — HABs

Economic effects of HABs in the U.S. are
at least $82 million/year*

Commercial Fisheries Impacts: $38 million/year
Public Health Costs of Iliness: $37 million/year

Recreation and Tourism Impacts: $4 million/year

Coastal Monitoring and Management: $3 million/year

*2005 dollars, Hoagland and Scatasta (2006). Based on subset of outbreaks in
1987-2000.
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Selected Applications — dust
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Water temperature and P data analysis revealed the chl-a
increase was not due to those two factors
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Summary and conclusions

* RS ininland and coastal water is challenging due to 007
their optical complexity being a mixture of optically
shallow and optically deep waters, with gradients of o0s}

clear, turbid and productive waters and varying bottom
visibility:

R,.(0+) sr?

Chl-a: 0.1 - 940 mgm-3
TSM: 0.1 - 290 gm-3
CDOM: 0.04 -10 m-1

Wavelength (nm)

. . Eleveld et al. (2017)
» Most of the lakes are in the boreal region where

illuminations, ice and CDOM rich waters makes even -
more complex the implementation of algorithms L] [ ——
w 1690 | @~ aquatic portion of total publications 8%
» Nevertheless remote sensing community : :
of lakes is increasing as S3, S2 and L8 are g R
anyway providing improved data to . I
assess water colour and bio-physical § “

parameters at global scale
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Summary and conclusions

,:'_,\DT'! Plog

» Continental to global studies are
now possible (GLaSS,
Copernicus land service Lot 2:
‘Operation of the Global Land
component, thematic domain
cryosphere and water’,
Globolakes, NERC)

o Latest (L8, S2-3) and future
missions (FLEX, PACE, Hyper:
PRIMSA/EnMAP/Hyspiri) will
provide further data to study the
color of lakes
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