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The colour of water
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From ocean colour remote sensing...

...to inland/coastal water
guality remote sensing
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Parameters derivable from satellite imagery

» Green algae pigments mainly as Chlorophyll-a
(Chl-a) used as a proxy of phytoplankton biomass.

» Total Suspended Matter (TSM) which is placed in
suspension by wind-wave stirring of shallow
waters and is a tracer for inflowing pollutants.

* Yellow Substance (YS) which protect the aquatic
biota from ultraviolet solar radiation and influence
on overall microbial activity in the water column.,

» The diffused attenuation as measure for the water
transparency in the euphotic zone (Ez) where
most of the aquatic life occurs.

» The cyanobacterial pigment phycocyanin,
potentially associated to harmful algal blooms.

* Macrophyte

 Temperature

High observation frequency in space and time
Basin Scale (synoptic observation)
High ratio cost/benefit

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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Since the '80s, satellite remote sensing represents an opportunity for
synoptic and multitemporal viewing of water quality of lakes.

llandgat/Airborne ...+ MODIS + MERIS + AVNIR2

the "80s... ....beyond the 2000

High spatial resolution High spatial resolution

Low temporal resolution Low spatial resolution
High temporal resolution

Data used to:

e perform preliminary
investigation of optical
properties of lakes

e map water quality (but
not continuously, at that
time Landsat data were
very expansive!)

Data used to:

e investigate of optical
properties of lakes

e mapping and monitoring
water quality

e perform retrospective
analysis (with Landsat free
archives!)

e
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Terra ASTER 15 16 d 3
Landsat 15/30 16d 1/6
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IRS OCM-2 350 2d 8
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eLimnological data
eInherent optical properties
*Apparent optical properties

Remote sensing A !p\ b Subsurface irradiance
reflectance Rrs g /, : 1‘.\“ jﬁ \ ZZZ‘ reflectance R(0-)
+ : -._1.“‘“/1 ey
Rn(lg ¢ ) I‘ﬂ(o '? ¢ ‘:'") ; R(O—Jﬂ.): Eu(o_zﬂ')
E (0", 1) EA0,4)

ot p  lovaneris
Eationsgnetcode Az



DEVELOPMENT FUND

=
S=
=2
=32
= 0
==
&5
mm
Ew

= - 8002/2T/8T - 8002/21/8T
& S
M, - 8002/60/60 - 8002/60/60
3 .m - 8002/90/T0 - 8002/90/T0
. m o - 8002/20/22 O==_ | 8002/20/2Z
a 5 3 =
O: ¥ m - 2002/TTYT - L002/TTIVT
Emu S 0 - 2002/80/90 - £002/80/90
3 +
i o O - 2002/v0/82 - 1002/v0/8Z
" g \ v 3
0 ) - 2002/T0/8T Ow - 2002/T0/8T
> O
o x m. - 9002/0T/0T - 9002/0T/0T
X L N - 9002/20/20
Ho " 9002/20/20 2
= W x L 900z/g0mZ Q - 900z/E0/72
(W]
m w - 5002/2T/vT _ Ibkﬁlbo\@ - S00Z/ET/vT
© 5 - §002/60/S0 S - G00Z/60/S0
1 = N
()] o - S002/50/82 c - §002/50/82
e = N .
—_— + - G00Z/20/LT o Q7 [ SooeeoLt
—
@ , ¥002/TT/60 I A ¥002/TT/60
+ - o 2 8 8 8§ 8 3 © ©
% (2) 1s
i) ©
C
m - 8002/2T/8T - 8002/TT/80
< - 8002/60/60
-— o - 8002/0T/6T
t 1]
= . ¥ 8002/90/T0
w ._S | 800z/20/22 - 8002/60/62
C
m Q [ £002/TlvL - 8002/60/60
= £ - 2002/80/90
co S - 8002/80/02
(1] W §U- L002/v0/82
2 0 L 1002/T0/8T - 8002/L0/TE
O
—
c () - 9002/0T/0T S | s00z/20/TT
.g = m - 9002/20/20 T
|
u - 8002/90/12
0 .w g - 9002/£0/72 =
(O 1mm +
7)) + - S002/2TIVT - 8002/90/T0
2
C c 5 - S002/60/50 -
o PR ar— 2 = - 8002/50/2T
—_ c - §002/50/82 c
= vo N 1 - 8002/v0/2T
= = C ¢ - G00Z/Z0/LT ¢
'l O O
d e t r T T T T T T T T .VOON\HH\OO r T T T T T WOON\VO\NO
- 29B8K881gme° S 8 g © o w o
— 25 (qw/Bu) eud (w/B) WS L
RS g
V ° @




m 5 €\ CENTRAL LTy
A p p I I Ca tl O n S EULO\keS :*5) &m&g DEVELOPMENT FUND

Riva del Garda- September 8, 2011

Integration of traditional
methods with EO-related
technologies...

...to provide useful data for
improving and preserving
lake waters
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User needs

Monitoring water quality parameters in cost effective
way with respect to traditional sampling

Costance
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Generation of handy information about the status of lake
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Supporting the definition of strategic
locations of in situ stations
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User needs - Water aut

Assessing spatial/temporal dynamics

waters

of poor-quality

. Water typical of oligo-mesotrophic status, with
~r regard chlorophyll-a concentration. According
2o to “Blue-Green Algae Bloom Emergency
Alf. ?T Rrs spectrum of clear waters Preplan for Chaohu Urban Drinking Water
= Source” these waters could be used for
413 443 0 510 560 620 665 681 708 753 78 865 885 drinking after the treatment.
Wavolongth (nm)
” Rrs spectrum associated to
% phytoplankton absorption.
. : Mesotrophic status with tendency to eutrophic
B|f.l, e Ngvertheles;, the shape is conditions.
O wwaw e wmm w o | Still more typical of clear than
—— turbid waters
< " s Rrs SpeCtrum of prOdUCtlve Water typical of meso-eutrophic status, with
o / «.\.\_/\ waters, where the regard chlorophyll-a concentration. In this
0 “~=_. | absorption due to conditiotn dafele(\j/a_ti(_j level of attention is
a0 . . suggested for drinking.
mwowomomme o msame = | phytoplankton is noticeable. 99 9
Wavelongth (um)
D E‘“'” Rrs spectrum of productive Eutrophic status with tendency to ipertrophic
Gk | turbid waters conditions.
‘Wavelength (nm)
ois Water typical of very productive waters in
%o R t f ducti ipertrophic status, with regard chlorophyll-a
& Is spec rum_ Ot productive concentration. In this condition a serious level
o and very turbid waters of attention is suggested for any use of lake
o 413 443 40 510 560 620 665 681 708 753 778 865 885 Wate rs.
Wavelength (um)
HO FEI 1989 HO EEI 1995 e
= = Tipe E
g o TipeD
TipeC
L | 4 Tipe B
ol Ll
/‘}_\/‘4-4 CH AD HU LAKE y
i T L~ 1t
& v i Tipe A

2005

2006

2007

2008

m station 1
m station 2
W station 3

station4
m station 5
m station 6

m station 7



User needs - Glaciolog

Detection of moraine-dammed lakes , whose
morphological variations are essential indicators of
deglaciation processes

Then, sudden discharge of large volumes of water with y
debris from some of these lakes may also cause o
glacial lake outburst floods (GLOFs) in valleys nfg‘ -
downstream T

y = 14.757x - 0.7869
R’ =0.92 <®
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Providing some info to explain the dynamics of natural phenomena
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User needs

Limnolog

Detection of starting/ending phase of algal bloom
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Dissemination of information for recreational uses of lakes

Geoportal layer

il Openlayers+ CSS + HTML + JavaScript

e.g. finding warmer and clearer
waters

GeoServer 52 north Service layer
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Tunisia,
LaKe Ichkeul.
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Messico,
Lake Chapala.
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LANDSAT TM/ETM+

Ciad,
Lake Ciad.
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Lake e

75 ZCh".rzkaWSk'e An integrated study merging satellite-derived
o products and in-situ data, to derive synoptic,
transboundary and consistent information of water
quality of targets lakes.
The analysis will be focused on the assessment of

v : optical parameters in the euphotic layers, on the
Ao detection macrophyte and algal bloom events and on

surface water temperature monitoring.

Neusied|
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. . £ oo and £ . — o
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) . 2% validation s y=0.9977x + 2.5086|
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Wavelenght (nm) 0 2 4 6 8 10 12 14 16

= Neusied| ~e=Balaton == Charzykowskie ==Garda Chl-a Field data (mg/m3)

4800 MODIS 11A products, from 2004 to 2010, have been acquired to evaluate surface water temperature.
250 MERIS images, from 2004 to 2010, have been radiometric and atmospheric corrected and processed

with bio-optical model for estimate Optical active parameters (Chlorophyll-a, Total Suspended Matter,
Coloured Dissolved Organic Matter) and well as water transparency.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘



EUROPEAN UNION
EUROPEAN REGIONAL
DEVELOPMENT FUND

3 () CENTRAL

< JEUROPE
EuLakes S <
Riva del Garda- September 8, 2011

Eulakes Project: Res

Lake Garda (ltaly)
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Changing of chl-a

concentration
during the year

Changing of
chl-a
concentration
in different
years
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Eulakes Project: Results

Lake Balaton (Hungary)
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Lake Neusiedl (Austria)
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Eulakes Project: Results

Lake Charzykowskie (Poland)
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Eulakes Project: Results

Comparison lakes quality
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Eulakes Project: Results

EuLakes iy
Riva del Garda- September 8, 2011
Lakes Surface temperature Garda Charzykowskie
Trend of lakes surface ) 2004 2010
temperature (2004-2010) in 2004 . 2010
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Riva del Garda- September 8, 2011
1987 1990 1994 2000 2003 2007 2010

Eulakes Project:

Multitemporal analysis of spatial
variation and health state of the reeds in
Neusiedl Lake

2007 2010

NDVI maps of
Neusiedl| reed belt
scaled from blue (low)
to red (high) values.
Water is masked in

black.
k:n , Water Surface
The lake water table surface is gradually decreasing from 2000 - + ‘F {‘ ‘I‘
with higher growing rate every time interval of three years (0.968
km? from 2007 to 2010). This behaviour could suggest a ol
progressive expansion of reed belt vegetation over the lake
surface. FPRR N (! IR I N I B
® 120 T T T T T

years
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Riva del Garda- September 8, 2011
Multitemporal analysis of spatial variation and hea Ith state of the reeds
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Riva del Garda- September 8, 2011

Multitemporal analysis of land cover changes

In yellow urban areas (Sirmione)

1997

. Urban

. Non Urban

LANDSAT TM5 SPOT

Town of Desenzano
. 1997 Surface Non Urbanized 249 ha
E%] 2008 Surface Non Urbanized 228 ha
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EuLakes
Riva del Garda- September 8, 2011
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Riva del Garda- September 8, 2011

Airborne Hyperspectral Sensor (MIVIS) acquired by A PPA Trento: 27-June-2011
Limnological, biological and radiometric campaign f or calibration and validation the data (APPA
Trento, ARPA Brescia, ARPAV, CNR-IREA, Universitadi  Parma, CNR-ISE)

High spatial resolution
High radiometric resolution

Mapping macrophyte in all lakes
in the region 0-8 meters of depth

Mapping water quality near of
tributary (Sarca) and emissary
(Mincio).

A > Mapping Lake Surface
temperature.

Comparison for south Garda the
change in 2011

First step for create a data base of
comparison macrophyte
colonized for all lakes in the time.



Thank you very much for
your attention



