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Abstract
MERIS images (2003-2011) were used to detect algal bloom events in Lake Idro (Northern 
Italy) applying a semi-empirical algorithm. From the study of an intense phenomenon 
occurred in late summer 2010, a retrospective analysis of similar events during late summer/
early autumn period was performed. High intra- and inter-annual variability was observed 
and three additional bloom events were identified on 2003, 2005 and 2008. Hydrological 
and weather parameters were examined at different temporal intervals (August-October, 
September-October and monthly from August to October) to investigate the regulating 
factors of bloom incidence. Rather low temperatures and the persistence of clouds seem to 
facilitate starting and maintenance of blooms. 
Keywords: Remote sensing, water quality, meteorological conditions, algal blooms, semi-
empirical algorithm.

Introduction
Algal blooms, including cyanobateria, are typical phenomena occurring in aquatic environments 
under periods of increased nutrient availability [Anderson et al., 2002; Glibert et al., 2005]. In 
oligotrophic and mesotrophic lakes spring and autumn overturn periods coincide with a mass 
transfer of key algal nutrients from the hypolimnion to the photic zone. Meromictic lakes do not 
mix surface and deep water due to permanent stratification of the water masses, and nutrients 
generally accumulate in high concentrations in the bottom water layers, adjacent to sediments. 
Here, understanding of the mechanisms regulating algal blooms is particularly intriguing as 
such phenomena are much less predictable in their timing and spatial dynamics. Furthermore, 
traditional sampling activities, according to the Water Framework Directive [Directive, 2000], 
are generally performed, for small lakes, on a single station, usually coinciding with the point 
of maximum lake depth, that is chosen as representative of the average conditions of the entire 
water body [Tonolli, 1964]. This sampling protocol do not have an high frequency that allow 
to catch sudden and temporary phenomena (a few days) as blooms. The strength of remote 
sensing techniques lies in their ability to provide both spatial and temporal views of surface 
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water quality parameters that is typically not possible from in situ measurements [Giardino et 
al., 2010]. Lake Idro is a meromictic deep basin which whole lake management was almost 
exclusively addressed to electricity production and irrigation and, to a minor extent, for touristic 
purposes. Productive-oriented management has resulted in dramatic drops and rises of water 
levels (up to 7 m, representing about 20% of the epilimnion) with cascading implications for 
the lake processes and functions. In the past only a few sampling campaigns aiming at the 
evaluation of the lake trophic status were realized; these research activities were mostly sporadic 
and irregular [Barbanti et al., 1994]. Only recently (2010-2012) Lake Idro water quality was 
monitored on a monthly basis. In one occasion water sampling coincided with an algal bloom 
occurring over the whole lake surface [Bresciani et al., 2011a].
In order to obtain information about the past occurrence of such phenomena in Lake Idro, remote 
sensing techniques offer an interesting option; they have, in fact, the important advantage to 
make retrospective analyses possible when past images are available [e.g., Olmanson et al., 
2008; Hadjimitsis et al., 2010; Hu et al., 2010; Lazzara et al., 2010]. This represents undoubtedly 
an advantage when information gathered with traditional sampling approaches are missing. 
Among water quality features of the euphotic zone, remote sensing techniques allow to 
characterize surface water temperatures, total suspended matter, yellow substances concentration, 
water transparency, chlorophyll-a and algal bloom events occurrence [e.g., Lindell et al., 1999; 
Kutser et al., 2005; Bresciani et al., 2009; Matarrese et al., 2011].
Bresciani et al. [2011a] analyzed the algal bloom event occurred in Lake Idro between the end of 
the summer and the beginning of the autumn 2010, integrating radiometric and limnological in 
situ measures with the goal of obtaining useful information about the features of the different algal 
groups forming the bloom (Cyanobacteria: Microcystis spp., Planktothrix spp., Pseudanabena cf. 
limnetica, Aphanocapsa sp., Aphanizomenon cf. gracile; Chrysophyte: Dinobryon sociale var. 
stipitatum and Bacillariophyceae: Fragilaria ulna var. acus). Algal presence and development 
actually cause a significant loss of water transparency, alter temporarily the transfer of energy 
along the trophic chains and negatively impact lake’s recreational and touristic value. In situ 
measures allowed the implementation of a semi-empirical algorithm, based on the characteristic 
spectral response by photosynthetic pigments around 590 nm [Gregora and Maršálek, 2005; 
Sparks et al., 2009], to derive a specific index able to detect algal bloom events occurrence. 
This index was applied to ENVISAT-MERIS (MEdium Resolution Imaging Spectrometer) 
images and the availability of multiple acquisitions during spring and autumn periods enabled 
the observation of temporal and spatial dynamics relative to the 2010 bloom event. From these 
encouraging results the present work has the objective of applying the same algorithm to historic 
MERIS images for the period 2003-2011 focusing our analysis on late summer and early autumn 
(during the August-October period) in order to detect the past occurrence of events similar to the 
2010 algal bloom. 
Semi quantitative index cannot provide exhaustive information about water quality in Lake Idro, 
but, since the phytoplankton component is of crucial importance to determine the trophic status 
of lake waters [Jeppesen et al., 2003; Carvalho et al., 2008], its definition is an important factor 
to be integrated with other information [Carvalho et al., 2008; Bresciani et al., 2011b]. For a 
better comprehension of different factors interacting with algal growth events, the index has been 
correlated with water levels and inflow tributary (River Chiese) amounts and with meteorological 
local conditions, as we expected that in a meromictic lake these aspects can influence algal bloom 
phenomena [Giardino et al., 2010; Thorne and Fenner, 2011; Salmaso and Cerasino, 2012].
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Study area
Lake Idro is a meromictic southern deep alpine lake located in the Northern part of Italy at 
an altitude of 368 m a.s.l. across the provinces of Brescia and Trento (between Lombardy 
and Trentino-Alto Adige Regions) (Fig. 1). 

Figure 1 - Lake map with the localization of the local weather stations 
(TIONE, STORO, IDRO) and the sampling points used for the monitoring of 
water level fluctuations and inflow and outflow rates (stars). The white circle 
indicates the urbanized area used for validation of atmospheric correction.

The lake surface is equal to 11.03 km2, with a maximum length of 9.4 km, a maximum depth 
of about 124 m and a volume approximately of 8.5x108 m3. According to its trophic status 
the lake is meso-eutrophic and belongs to the meromictic type of circulation. Currently, 
the upper mixed water zone (the oxic layer) varies between 40 m and 50 m of depth, 
approximately 50-60% of the entire lake volume is permanently stratified and oxygen-free 
[D. Nizzoli, data not published]. 
This basin plays an important role in the economy of the local population essentially in 
terms of tourism and recreation; however, it is also the first Italian natural lake completely 
converted into a hydroelectric reservoir in 1929. Consequently, because of the huge 
drawdown and water level fluctuations imposed by hydropower exploitation, and the 
increase in pollutants delivery from its catchment since early 1970s, the basin underwent 
a progressive worsening of water quality and biotic component. The mid-term ecological 
consequence of these perturbations is the increase of the bottom layer of water (usually free 
of oxygen) moving from about a depth of 70-80 m (late 1960s) up to currently 40-50 m 
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[Garibaldi et al., 1997]. In the last ten years, a progressive steep reduction in the amplitude 
of artificial water level fluctuations, coupled with the accumulation of organic matter and 
nutrients in waters and surface sediments, enhanced a rapid and intense proliferation of 
littoral vegetation, but also recurrent algal blooms [R. Bolpagni, data not published]. 

Materials and methods
Thirty MERIS images ranging from 2003 to 2011, in addition to the six images already 
used in the previous study [Bresciani et al., 2011a] were analyzed in this work (Tab. 1). 

Table 1 - MERIS images list, acquired between 2003 and 2011, with relative acquisition time and 
spatial resolution. In the table are also included all parameter values used as input for the atmospheric 
correction (Aerosol Optical Thickness = AOT, sun and sensor viewing angles). 

data hour 
(GMT)

Pixel 
size (m)

AOT 
(@550nm) 

Sun zenith 
angles 
(deg)

Sun 
azimuth 
angles 
(deg)

View zenith 
angles (deg)

View 
azimuth 

angles (deg)

2003-08-19 10:00 341.5 0.10 37.10 146.13 11.35 286.30
2003-09-13 10:14 341.8 0.07 43.83 158.54 30.57 288.83
2003-09-26 10:06 330.9 0.06 48.96 158.98 19.56 287.31
2003-10-10 09:25 317.7 0.01 56.75 150.41 36.77 100.28
2004-08-22 10:03 341.7 0.07 37.90 148.30 15.55 286.80
2004-09-04 09:54 319.1 0.12 42.62 149.28 2.79 285.28
2004-09-17 09:46 304.5 0.07 47.59 150.40 10.32 103.78
2005-09-02 09:46 283.6 0.11 42.73 145.69 10.30 103.79
2005-09-24 09:55 281.6 0.10 49.21 154.99 2.71 285.29
2005-10-13 09:57 326.8 0.06 55.68 160.06 7.06 285.79
2005-10-16 10:03 295.2 0.10 56.41 162.21 15.49 286.80
2006-08-31 09:37 312.0 0.02 42.95 142.10 22.73 102.28
2006-09-12 10:00 281.1 0.10 44.62 153.44 11.39 286.29
2006-09-22 09:45 285.2 0.13 49.11 151.68 10.45 103.79
2006-10-11 09:48 320.4 0.03 55.45 157.15 6.12 104.29
2007-09-13 09:57 304.1 0.03 45.09 152.70 7.15 285.79
2007-09-23 09:43 279.4 0.05 49.59 151.02 14.43 103.30
2007-10-02 10:00 289.9 0.08 51.47 158.55 11.33 286.30
2007-10-15 09:51 317.2 0.01 56.57 158.66 1.67 104.80
2008-09-09 10:19 294.4 0.05 42.39 159.61 36.90 289.86
2008-09-16 10:00 286.9 0.03 46.15 154.68 11.35 286.30
2008-09-29 09:51 311 0.07 51.25 155.40 1.57 104.82
2008-10-09 09:38 294.4 0.10 55.78 153.53 22.74 102.29
2009-09-08 09:40 306.3 0.10 45.17 145.68 18.73 102.78
2009-09-23 10:08 285.2 0.02 47.92 159.22 23.51 287.82
2009-10-16 09:46 304.5 0.20 57.46 157.27 10.40 103.78
2010-08-26 10:16 299.2 0.15 37.83 154.54 33.77 289.34
2010-09-12 09:42 303.2 0.15 46.10 147.77 14.53 103.29
2010-09-15 09:48 288.1 0.05 46.57 150.48 6.04 104.29
2010-09-21 09:59 288.7 0.12 47.73 155.86 11.39 286.30
2010-09-28 09:39 301.2 0.10 51.66 151.50 18.73 102.78
2010-10-20 09:48 284.2 0.05 58.56 158.65 6.02 104.28
2011-09-13 09:48 370.4 0.08 48.65 160.85 19.98 287.25
2011-09-26 10:11 321.1 0.06 45.84 149.77 15.44 103.16
2011-10-05 09:42 295.8 0.05 53.81 153.81 24.88 101.99
2011-10-10 09:59 306.9 0.03 54.40 159.77 0.04 194.79
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Images without any cloud cover and including the whole lake surface were selected during 
the period going from half of August to half of October, when bloom events are generally 
recorded [Garibaldi et al., 2003; Salmaso, 2010]. 
MERIS sensor, working from 2002 onboard of ENVISAT platform, was purposely built 
to study aquatic ecosystems; in fact, it presents an appropriate signal to noise ratio, 
high temporal acquisition frequency (important characteristic to monitor very dynamic 
environments such as waters) and suitable spectral bands (Tab. 2) for a correct detection of 
water optical properties.

Table 2 - Radiometric characteristics of MERIS sensor (expressed in nanometers = nm).

Band 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Center 
of band 413 443 490 510 560 620 665 681 709 754 761 779 865 885 900

W i d t h 
of band 10 10 10 10 10 10 10 7.5 10 7.5 3.75 15 20 10 10

MERIS full resolution (FR) level 1B images were processed with the ESA Basic Envisat/ERS 
ATSR and MERIS (BEAMv. 4.2) toolbox [Fomferra and Brockmann, 2006; Bresciani et al., 
2011a]. In particular, the smile correction was applied to the FR level 1B data, subsequently 
corrected for adjacency effects [Santer et al., 2007] by using the improved contrast between land 
and ocean (ICOL) plug-in.
Satellite radiances were converted into Remote sensing reflectance (Rrs) values by using 
the simulation of the 6S (Satellite Signal in the Solar Spectrum) code [Vermote et al., 1997; 
Kotchenova et al., 2006]. The 6S code was run by setting the aerosol type as continental, while 
the aerosol optical thickness at 550 nm was taken from measurements available from AERONET 
[NASA, 2012] in correspondence with the stations nearest to the study area (i.e., Ispra, Venice 
and Davos, about 130 km to the west, 140 km to the est and 100 km to the north, respectively).
The 6S-corrected data have been validated by checking if, for the whole images, the reflectance 
values of spectrally invariant surfaces (e.g. urbanized area characterized by industrial areas and 
marble quarries, 45°31’45”N and 10°49’00’’E in Fig. 1, highlighted by a white circle) were 
constant. Total albedo values for all the MERIS 14 bands (except band 11, where atmospheric 
absorption is prevalent) turned out ranging from a minimum of 2.15 Wm-2sr-1µm-1 to a maximum 
of 2.49 Wm-2sr-1µm-1, with an average value of 2.31 Wm-2sr-1µm-1 and variance corresponding to 
0.013. For every atmospherically corrected image and for every MERIS spectral band, no pixels 
with negative value or cloud pixels with value higher than 1 were registered, demonstrating that 
AOT values used were respectively not too high or too low.   
In accordance with Bresciani et al. [2011a], the ratio MERIS band 6 (620 nm)/ MERIS 
band 5 (560 nm) was applied to Rrs values of atmospheric corrected images. Successively, 
a minimum threshold of 0.82 was used to identify the presence of algal bloom.
The spectral bands used to estimate the algal grow can be affected by a significant amount 
of total suspended matter (TSM) usually influenced by heavy precipitations. For this 
reason, TSM presence was also evaluated, observing its albedo in the near-infrared bands 
(10-12-13-14), typically increasing with TSM quantities [Ruddick et al., 2006; Wang and 
Lu, 2009]. Furthermore, this analysis can also be useful to determine possible disturbances 
due to cirrus presence [Pepe et al., 2005].
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In order to detect any potential noise, in situ measures from 2010 were considered, when TSM 
values were on average equal to1.2 mg l-1 (± 0.25), with correspondent albedo values of 0.017 
Wm-2sr-1µm-1 (± 0.014).
Meteorological data (Fig. 2) were taken at Storo (45°49’ N; 10°32’ E; 375 m a.s.l.), Idro 
(45°44’ N; 10°28’ E ; 371 m a.s.l.), and Tione weather stations (46°01’ N; 10°43’ E; 539 
m a.s.l.). Precipitation values were recorded at Storo from 01/01/2003 to 24/06/2008 and 
successively at Idro station; air temperature values were taken at Tione station for the 
period 01/01/2003 - 16/11/2005, while from 17/11/2005 to 24/06/2008 they were collected 
at Storo and afterwards at Idro station.

Figure 2 - Hydrological (Inflow, Outflow and Lake Water 
Level) and weather parameters (Precipitation and Air 
Temperature) evolution during the period 2003-2011.

In order to better understand the role of cloud cover presence in the bloom phenomenon, 
a temporal analysis of different satellite images was performed along the year period with 
most probability of bloom occurrence (August-October). Data from four different sensors 
(SeaWifs, MODIS Terra, MODIS Aqua, MERIS) ranging from 9:00 a.m. to 2:00 p.m. 
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(depending on single satellite orbits) were examined for each day in the considered time 
range. It was possible to dispose of at least three images in a day. For each single day and for 
each single sensor, the cloud cover was classified as present, partially present and absent. 
Then, data from the different sensors were averaged to obtain a single value in a day. 
Student’s t-test was performed in order to test differences in mean values of hydrological 
and weather parameters between bloom and non-bloom years at three different time scales 
of investigation: (a) three months periodicity (pooling data from August, September and 
October), (b) September-October period, and (c) using data of August, September and 
October separately [R Development Core Team, 2010]. The statistical analyses were 
performed on the mean parameter values in order to avoid temporal autocorrelation biases 
in accordance with [Helsel and Hirsch, 2002]. With respect to the October data, the present 
investigation was limited to the first ten days corresponding to the descending phase of the 
late-summer algae blooms in Lake Idro [Bresciani et al., 2011a].

Results and discussion
Figure 3 shows mean values (considering the whole lake surface) relative to the index b6/
b5 (proxy of algal bloom events) derived from MERIS images along the study period (dates 
on the x-axis). It is possible to compare these values with the threshold value considered as 
the reference minimum number to detect one algal bloom event (dotted black line in Fig. 3). 
The consistent algal bloom event in 2010 is extremely visible in Figure 3. 

Figure 3 - Average index (b6/b5) values (grey bars) computed over the entire surface of Lake Idro 
(primary y-axis) as a function of the date of acquisition of the MERIS images (x-axis); the black 
diamond markers show the maximum punctual value of the index (estimated in correspondence of 
a single pixel). Stars represent the percentage of the lake surface (on the secondary y-axis) for which 
the pixel-based index values are above the threshold (horizontal black dotted line). 
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Besides, it is also clear that even during the rest of the years the considered index has an 
increasing trend in the period going from the end of the summer to the beginning of the 
autumn, suggesting that the transition summer-autumn is coupled with relevant changes 
within the lake epilimnion. These can be a consequence of drastic drops in available 
irradiance for pelagic primary producers, forcing vertical migration of algal groups 
generally confined in relatively deep water layers [Walsby et al., 2004]. Late summer is 
also the period of the collapse of macrophytic production, meaning that over the whole lake 
perimeter the littoral zone becomes probably a source of nutrients from decaying biomass 
and looses its buffer capacity against diffuse nutrients from the lake basin. Both events can 
affect nutrient availability and nutrient stoichiometry, and, as a consequence, be implied in 
the formation of algal blooms.
In 2004 it was not possible to detect water lake conditions after September 19th because of the 
persistent cloud cover preventing the satellite sensor observation. October 16th 2009 was also 
excluded because characterized by very high reflectance values in the near-infrared spectral 
region, potentially due to high TSM concentrations or to cirrus presence. The comparison 
between the average index values and the threshold index value (horizontal dotted line) 
shows that algal bloom events occurred not only during 2010, but also in 2003, 2005, 2008; 
even if only during 2005 on October 13th and 16th the phenomenon occupied the total lake 
surface (red stars). These observations highlight the large water quality variability in Lake 
Idro, displaying both intra- and inter- annual variations. Figure 4 shows some photographs 
acquired during the study period, which confirm the presence of algal bloom events.

Figure 4 - Algal bloom event pictures: a = 2003, b = 2008, and c = 2010.

From the whole weather data-set, together with water levels and water inflow/outflow rates, 
mean values (± standard deviation) for the three periods analyzed were extracted (Tab. 3). 
These values can strongly influence growth and reproduction of macrophytes, an essential 
element in lacustrine balances conditioning even phytoplankton proliferation [Le Bagousee-
Pinguet et al., 2012]. On the other hand, in very deep lacustrine ecosystems as Lake Idro 
(with mean depths greater than 15-20 m) metabolic pathways should be mainly controlled 
by phytoplankton, whereas macrophytes should limit their buffering effect on the littoral 
areas (up to 10 m of depth). The relative role of external loads, internal recycling, primary 
production by macrophytes and phytoplankton for the Lake Idro nutrient budget will add 
important information to the present picture and will allow to go deeper in the understanding 
of bloom formation [Nizzoli personal communication].
Overall, hydrological and weather parameter patterns comparison did not allow to detect 
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significant differences between bloom and non-bloom years with the exception of October 
temperatures (Tabs. 3 and 4). 

Table 3 - Bloom (B) and non bloom (NB) years comparison: the table reports the mean values (± 
standard deviation) of water (LL = Lake level fluctuation, IF = Inflow and OF = Outflow rate) 
and weather parameters data (TE = Temperature, PR = Precipitation, and CC = Cloud covering 
rate) considering three different time scales of investigation: (A-O) August-October period, (S-O) 
September-October period, and using data referred to August (A), September (S), and October (O) 
months, separately; § = rainfall totals per period-1; † = number of clear days per period-1.

A-O S-O A S O

LL B 366.7 ± 1.5 366.6 ± 1.4 366.4 ± 1.6 366.5 ± 1.4 366.9 ± 1.2

NB 366.8 ± 1.4 366.6 ± 1.5 366.9 ± 1.2 366.6 ± 1.5 366.7 ± 1.5

IF B 23.0 ± 12.7 19.5 ± 10.0 21.7 ± 13.1 18.6 ± 9.6 21.9 ± 10.8

NB 19.2 ± 8.3 16.0 ± 7.9 22.0 ± 7.0 16.4 ± 8.5 14.6 ± 5.7

OF B 23.3 ± 10.1 17.5 ± 3.6 22.5 ± 10.8 16.9 ± 7.7 19.2 ± 9.5

NB 20.2 ± 6.8 15.8 ± 5.6 24.4 ± 4.5 15.9 ± 6.1 15.4 ± 3.8

TE B 16.8 ± 3.9 14.4 ± 2.9 19.8 ± 2.8 15.1 ± 2.6 12.1 ± 2.7

NB 17.6 ± 3.1 16.1 ± 2.6 19.6 ± 2.5 16.6 ± 2.6 14.8 ± 2.2

PR B 2.9 ± 9.5 795.4§ 3.5 ± 11.6 530§ 2.2 ± 5.2 265.4§ 3.5 ± 11.8 397.4§ 3.4 ± 11.1 132.6§

NB 4.0 ± 11.3 1384.6§ 3.1 ± 11.6 594.2§ 5.9 ± 10.8 790.4§ 3.3 ± 12.6 464.4§ 2.6 ± 8.3 129.8§

CC B 0.6 ± 0.4 64 (16)† 0.7 ± 0.4 29 (7)† 0.5 ± 0.4 35 (9)† 0.6 ± 0.4 23 (6)† 0.7 ± 0.4 6 (2)†

NB 0.5 ± 0.4 93 (19)† 0.5 ± 0.4 51 (13)† 0.5 ± 0.4 42 (8)† 0.5 ± 0.4 41 (8)† 0.6 ± 0.4 10 (2)†

Table 4 - Student’s test results for the water (LL = Lake Level; IF = Inflow and OF = Outflow rate) 
and weather (TE = Temperature; PR = Precipitation; CC = Cloud cover) parameters referred to three 
different time-lag periods of analysis: a) three month periodicity (from August to October); b) considering 
September-October period; c) monthly periodicity considering August, September and October months 
separately. Levels of significance: ‘***’ = 0.001; ‘**’ = 0.01; ‘*’ = 0.05; ‘.’ = 0.1; ‘n.s.’ = 1.

Investigation period LL IF OF TE PR CC

Three months n.s. n.s. n.s. n.s. n.s. n.s.
September – October n.s. n.s. n.s. . n.s. .
August n.s. n.s. n.s. n.s. n.s. n.s.
September n.s. n.s. n.s. n.s. n.s. .
October n.s. n.s. n.s. ** n.s. n.s.

Effectively, in the first days of October higher temperatures were detected during the non 
bloom years (mean, 14.8 ± 2.2°C; range, 8.6~18.0°C) compared to bloom ones (mean, 12.1 
± 2.7°C; range, 6.5~16.3°C). A similar, but not significant, tendency was also observed for 
the temperature data of the September-October period, in which higher mean values occurred 
in non bloom years (mean, 16.1 ± 2.6°C; range, 8.6~22.3°C) relative to bloom ones (mean, 
14.4 ± 2.9°C; range, 6.5~21.9°C). These results are consistent with the hypothesis that cold 
waters (air temperature-related) may stimulate the upward migration of cyanobacteria to 
the water surface [D’Alelio and Salmaso, 2011; Bonilla et al., 2012].
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Likewise, both in September and September-October periods, a rather high number of 
non cloudy days was detected in non bloom years (equal to 13 and 8 days for September-
October and September periods, respectively) compared to bloom ones (equal to 7 and 6 
days for September-October and September periods, respectively) even though no statistical 
significance levels have been reached (Tab. 4). As already observed by Walsby et al. [2004] 
and by D’Alelio et al. [2011] large amounts of insolation during the day, typical of summer 
months, reduce the cyanobacteria buoyancy ability, determining their staying at high depths, 
while low irradiance typical of autumn months favors their migration to the water surface. 
Contemporaneously, during the August-October period in non bloom years total rainfall 
reached a mean value of 1385 mm against a mean of 795 mm in bloom years.
On the other hand, despite the August month’s rainfalls contributed to about half of the total 
precipitations in the period investigated, no evidences suggested a direct link between rains 
and the onset and the persistence of algal blooms. Consequently, this evidence suggests that 
in the Lake Idro the diffuse input of nutrients from the basin is probably scarcely relevant if 
compared to point sources of pollutants or to internal recycling in leading algal proliferation. 
Trout aquaculture associated nutrient loads from the main lake tributary, phosphorus and 
nitrogen recycling from littoral (and deep) sediments and diffusing to the upper water layers 
could be relevant drivers of algal blooms in the Lake Idro [Salmaso et al., 2012].
In Lake Idro, these outcomes indicate that the stability/instability of water and weather 
parameters during the two months presiding the period of image acquisition (late September-
early October) seemed to not have a univocal and dominant effect on the regulation of the 
onset of phytoplankton blooms. It has also to be noticed that a well stratified lake is less 
influenced by meteorological dynamics if compared with other lakes often recycling their 
waters. In Lake Idro the situation is therefore complicated by the constant water stratification 
and the consequent interpretation of bloom phenomena is an hard issue, because not only 
explainable by weather aspects. 
In order to fully understand bloom events occurred in Lake Idro it would be necessary 
to evaluate the large-scale climatic fluctuations interesting the Mediterranean area, which 
can influence the phytoplankton developing in subalpine lakes, as highlighted by Salmaso 
[2012] and couple metereological information with local nutrient dynamics.

Conclusions
This work confirmed the importance of remote sensed techniques to realize a multitemporal 
analysis about lake water quality, despite the limiting spatial resolution of satellite images 
with respect to the lake extension and the impossibility to have information about cloud 
covered periods, sometimes correspondent to greatly significant periods.
The performed analysis identified the algal bloom event of 2010 as the largest and unusual 
phenomenon occurred in Lake Idro in the last nine years, but it also proved that other 
high algal growth events occurred even in the past, although with less intensity. Our data 
suggest a possible role of temperatures and cloud cover in the genesis of algal blooms. For 
instance, these events can result from vertical migration of algal cells under low irradiance 
conditions. Furthermore, algal blooms can be triggered by littoral release of nutrients during 
the senescence period of the macrophytic biomass or by internal nutrient recycling. Overall, 
the complex phenomenon of onset of algal blooms requires further in-situ information to 
well explain the growing dynamics of phytoplankton.
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In the future, the possibility to dispose of satellite images with better spatial and radiometric 
resolutions, such as the Sentinel sensors by ESA and PRISMA sensor by ASI, will improve 
the studies about algal bloom phenomena in Lake Idro, being useful for the comprehension 
of the specific ecologic dynamics.
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