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The products obtained from satellite images are key data that can be integrated
with products/data derived from other disciplines, meteorological and
morphological data for a proper management of the aquatic environment.



Research framework (1/2)

Our research activities are carried out in the framework of a consolidated research
experience grown in the context of numerous research projects and the long term
collaboration with research institutes and national end-users.
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Research framework

At the present time the on going research project are:

Projects Times Funds
Cyanobacteria assessment in Italian and Swedish waters 2010-13 MIUR
from space (CYAN-is-WAS)
Spectral characterization of Harmful Algal Blooms in Mantua | 2011-12 EUFAR
Lakes (Italy) (HABS)
Coasts and Lake Assessment and Monitoring by PRISMA 2010-2014 Italian Space
HYperspectral Mission (CLAM-PHYM) Agency
European Lakes Under Environmental Stressors 2010-2013 Central-Europe

(EULAKES) Programme

Monitoring European Lakes by means of an Integrated Earth | 2003-on going | ESA cat-1

Observation System (MELINOS) (AO553)

La Ricerca ITaliana per il MARE (RITMARE) 2012-2016 CNR-ltaly
2013-2016 FP7

Global Lakes and Land Sentinel Studies (GLaSS)
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Italian Lakes
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Omodeo
Lake Surface | Average/ma . . .
(km?) x depth (m?) Trophic status Cyanobacteria Aquatic plants
Garda 370 136/346 Oligo-mesotrophic | Sporadic Submerged macrophytes
Maggiore 213 1771372 Oligotrophic Sporadic Submerged macrophytes
Idro 11 771122 Mesotrophic Sporardic Submerged macrophytes
Mantova 6 3.3/5 Hyper/Distrophic Persistent from Jun.-Sep. Submerged macrophytes, emergent macrophytes;
Floating-leaved macrophytes

Trasimeno | 124 4.5/6 Eutrophic Persistent from Jun.-Sep. Submerged macrophytes, emergent macrophytes;
Omodeo 30 12/60 Hyper/Eutrophic Persistent from May.-Sep. Submerged macrophytes, emergent macrophytes;




Curonian Lagoon and Venice

Lagoon Surface Average/max depth Trophic status Cyanobacteria Aquatic plants
(km?) (m?)
Curonian 1584 3.7/5 Hyper/Eutrophic Persistent from Jun.-Sep.
Venice 550 1 Eutrophic Benthic cyanobacteria Submerged fanerogames,
emergent plants.




In situ data (1/3)
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In situ data (2/3)

Some key rules for the correct and proper collection of field are:

Simultaneous measurement of AOP-IOP and physic-chemical and biological
parameters
The presence of clouds, such as cirrus clouds, and the high variability of phytoplankton (e.g.

buoyancy) as well as changes due to plumes from rivers might change quickly AOP and IOP
values and therefore affect the empirical correlations we are working on.

Applications of correct measurement methodologies
For example, coIIectlng AOP with noise due to glint, shadows and high values of tilt
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Hommerson et al., IN PRESS. Journal of Applied Remote Sensing

Adequate sampling methodology
For example, standardization of protocols for sampling scums



In situ data (3/3)

Application of correct methods and instruments of sampling

different sampling protocols and methods (fluor. probes, HPLC, spectrophot.) does not help
the validation
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Implementation of appropriate laboratory measurements
For example different extraction methods may provide mismatching chl-a concentrations (the
divergence is function of phytoplankton composition)

MG/C MG/F GFIC PVDF
st.1 16.02 (0.46) 12.36 (0.42) 19.45 (0.67) 10.97 (0.59)
st.2 5.59 (0.18) 2.67 (0.37) 7.49 (0.22) 2.22 (0.16)

Appropriate number of replicates

Adequate spatial distribution of variables



EO data (1/2)

MODIS: 09/08/2012

MERIS: 23/07/2009 SR 5 )
LANDSAT: 18/07/2009

MERIS/ Satellite Satellite Airborne

. SAR
MODIS Multispectral Hyperspectral Hyperspectral

. ~10
Subalpine lakes ~ 40 (Landsat-TM, (@il
(Garda, Maggiore, > 500 Oceansat-2, ALI, ALOS, Hvperion HIC’O) ~ 10 (MIVIS, AISA) ~15
Idro) ASTER) yp ,
Mantua Lakes ~ 10 (Landsat-TM) 3 (Chris-Proba) 3 (MIVIS, APEX)
Mediterranean

. 15 (Landsat-TM, 3 (Chris-Proba)
lakes (Trasimeno, >500 Oceansat-2, ALL ALOS, 1 (MIVIS)
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Curonian Lagoon > 100 10 (Landsat-TM) 2 (Chris-Proba) 30
~ 40 (Landsat-TM, - .

Venice Lagoon >100 Oceansat-2, ALI, ALOS, O CHIOEL 3 (MIVIS-CASI) >50

Hyperion, HICO)

ASTER)

dei Curi

Hyperion:22/07/2003

: CHRIS-PROBA: 29/06/2008
AISA: 30/04/2010 MIVIS: 02/12/2009 ALI: 13/07/2008 SAR: 04/08/2011



In situ vs Eo-data

Time:
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Odermatt et al., 2010. Remote Sensing of Environment



Type of blooms

Sporadic homogeneous Frequent and intense Frequent and intense Frequent homogeneous

blooms with high vertical heterogeneous blooms homogeneous bloomsin  blooms in meso-eutrophic

migration in oligo-meso in hypertrophic lakes hypertrophic lakes with lakes without scums
trophic lakes scums

These types of blooms are composed of different phytoplankton groups (in particular cyanobacteria), that are in
turn characterized by different photosynthetic pigments with different spectral signatures.
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Chl-a monitoring Water - -
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Chl-a vs Temperature a

Providing some info to explain the dynamics of natural phenomena
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Cyano blooms with ph

Detection of starting/ending phase of algal bloom

Lake Idro has been poorly studied and monitored
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Cyano blooms with phyec -

We applied the same methodology to a multi-temporal data-set (2003-2011) and
found that algal blooms also occurred in 2003, 2005 and 2008.
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Relation with the meteorological parameters showed that the cyanobacteria with high
phycoerythrin have been positively affected by periods of high cloud cover and high
temperatures.

Bresciani et al., 2013. European Journal of Remote Sensing



Cyano blooms with ph

Laboratory measurements of IOP of water with cyanobacteria

Backscattering (m'l)

Rafectance

Microcystis colonies assayed in different phenological stages. Toxic and nontoxic colonies. Colonies at

different conditions of thermal stress.
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Cyano blooms with phyk

Semi-empirical algorithm
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Cyano blooms with phye T o
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Heterogeneous blooms (

Daily dinamics
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Heterogeneous blooms Vv
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Integration Passive an T 29

Integration of optical-radar images

e.g. MERIS and SAR images (cyanobacteria blooms and scum are related
to the wind action)

e.g. Airborne imaging spectrometry and LIiDAR images (macrophytes
detection)
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The analysis of the radar data have shown that in specific wind conditions the
radar cross section is influenced by bloom

Bresciani et al., 2012. IN REVISION, Remote Sensing of Environment



Conclusion

Cost-effective methods, time-series data and synoptic observations
are more and more requested by “lakes-users” (i.e., water authorities
as well as researchers working on lake’s ecology/climate)

The optical variability of phytoplankton found within the lake and
among lakes make it difficult to generalise bio-optical models even
if a “regionalisation” of algorithms may help

The knowledge about in situ optical properties and water quality
concentrations, which is needed to perform a full calibration of bio-
optical models and semi-empirical algorithm, also provide useful data to
know if existing methods can be successfully applied

Research activities on validation are still an important issue

Thank you for attention!

For more information:
giardino.c@irea.cnr.it
bresciani.m@irea.cnr.it



