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Field campaigns 

Yellow: 7 July; light blue and green: 8 July; Red: 26 September 

The aims of that field campaign is collected in situ data to: 
• calibrate satellite data,  
• parametrize algorithms, that will be used to obtain a water quality 

and macrophytes coverage from satellite products,  
• validate a processing (radiometric and atmospheric correction) of 

satellite data. 



We have used the following instruments: 

WISP-3 

ASD FieldSpec Full Range Pro 

Spectral Evolution SM 3500 

Licor LI-192SA 

HOBILabs HydroScat-6 

Cyclops-7 Turner Design 

a)

b)

c)

d)

e)

Fluorimeters H6 

Spectroradiometers 
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Apparent Optical Measuraments (reflectances) 
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Inherent Optical Measuraments (absorption and back-
scattering) 
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Chl-a (RFU)
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TSM SPOM SPIM SPOM SPIM CHL-A
aCDOM 

(440)
sCDOM

aNAP 

(440)
sNAP 

Secchi 

Disk

mg/L mg/L mg/L % TSM % TSM μg/L m-1 m-1 m

mean 3.31 1.9 1.4 57% 43% 2.65 0.084 0.015 0.048 0.011 2.4

st.dev 0.28 0.5 0.6 16% 16% 0.45 0.008 0.001 0.009 0.001 0.4

min 2.86 1.2 0.6 35% 19% 2.04 0.071 0.013 0.038 0.009 1.9

max 3.75 2.5 2.3 81% 65% 3.60 0.096 0.016 0.068 0.013 3.0

mean 1.76 1.5 0.3 86% 14% 2.87 0.032 0.019 0.041 0.008 4.4

st.dev 0.23 0.1 0.3 13% 13% 0.28 0.016 0.004 0.006 0.001 0.6

min 1.44 1.4 0.0 74% 0% 2.46 0.011 0.015 0.031 0.007 3.5

max 2.00 1.6 0.5 100% 26% 3.12 0.046 0.025 0.045 0.008 5.0

26/09/2016

08/07/2016

Water quality physical and chemical parameters 



Macrophytes 



Macrophytes 

Visual inspection 

Evaluation of bathymetry 

Spectral signature 



0

0.1

0.2

0.3

0.4

0.5

0.6

400 900 1400 1900 2400

L ung hez z a  d'onda  (nm)

R
if

le
tt

a
n

z
a

M.s picatum

R .tricofillus

Z .palus tris

P .pus illus

P .lucens

P .pec tinatus

L .major

H.nuttalli

P .perfoliatus

P .c ris pus

Macrophytes 

Data-base of macrophytes spectral signatures 



BOMBER: Bio-Optical Model for the evaluation of 
Bottom Effect on water Reflectance 

Starting Reflectance 

Image Reflectance 

Model Reflectance 
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Parameter Symbol ISEO Garda Turbid lakes Boreal lakes Eutrophic lakes 
(with 
cyanobacteria) 
 

Specific absorption of 
phytoplankton (chl-a 
specific) 

a*
ph(λ) Fixed 

spectrum 

Fixed spectrum Fixed spectrum Fixed spectrum Fixed spectrum  

Spectral slope coefficient 
of CDOM absorption 

SCDOM 
nm-1 

0.020 0.021  0.0150  0.0150  0.016 

Specific absorption of NAP 
at 400 nm 

a*
NAP(400)m

2 g-1 
0.075 0.082  0.067 0.13  0.04 

  

Spectral slope coefficient 
of NAP absorption 

SNAP 
nm-1 

0.011 0.012  0.010 
  

0.012  0.0104 

Specific scattering 
coefficient of TSM at 555 
nm 

b*
TSM(555)m

2 g-1 
0.62 0.64  0.42 0.81  0.7 

Scalar parameters for relating 
bbSPIM to SPIM 

Gb, Ob 
0.053 
0.073 

0.053 
0.073 

0.053 
0.073 

0.053 
0.073 

0.053 
0.073 
 

Scattering exponent of 
TSM1 

nb 0.77 0.76 0.79 0.71 0.77 

Backscattering ratio bb/b 0.010 0.011 0.04 0.013  0.18 
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EO data 

• Landsat-8 (water quality, surface temperature) 2013-2017 
 

• Sentinel-2 (water quality, SAV) 2015-2017 
 

• Sentinel-3 (water quality) 2017-2018 
 

• MERIS (water quality time series) 2003-2011 
 
 
 

• High Spatial Resolution imagery (SAV) one/two spot 
 



EO data 
Download and processing images  

48 Landsat-8 images 

42 Sentinel-2 images 



Landsat processing 



Landsat processing 



Sentinel-2 processing 



Validation: atmospheric correction 

Atmospheric 
correction 
validation 

RMSE 0.001 [sr-1] 

R2 0.864 



Validation: water quality parameters 
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Validation: Surface temperature 
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Validation: Net radiation 



Landsat-Surface temperature [°C] 

10/04/2015 17/07/2016 05/10/2016 23/01/2016 







Landsat-TSM 
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Landsat-Evaporation 
[mm/h] 
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Risultati: bilancio termico giornaliero 

Validazione della radiazione netta 
giornaliera 
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Risultati: radiazione netta giornaliera 
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26/02/2017 
S-2 

26/02/2017 
S-2 

Sentinel-2: water quality 



Sentinel-2: Bottom coverage 
26/09/2016 

S-2 



04/07/2015 
S-2 

22/10/2015 
S-2 

Sentinel-2: Bottom coverage 



EO data – initial datset 

ISEO: Improving the lake 
Status from Eutrophy towards 

Oligotrophy 



Dissemination 

Chiara Elli (2017) Tesi di Laurea: LAGO D’ISEO: remote sensing per il bilancio 

energetico e lo studio dei parametri biogeofisici. Politecnico di Milano, Ingegneria per 

l’Ambiente e il Territorio. Matr. 841730. A.A. 2016/2017. Relatore: Gianinetto M.; Co-

relatore:  C.Giardino, M. Bresciani, I. Cazzaniga. 
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