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Abstract: Monitoring river plume dynamics and variations in complex coastal areas can provide useful information to prevent marine
environmental damage. In this work, the Robust Satellite Techniques (RST) approach has been implemented and tested on historical
series of Aqua Moderate Resolution Imaging Spectroradiometer (MODIS) data to monitor, for the first time, Suspended Particulate
Matter (SPM) anomalies associated to river plumes. To this aim, MODIS-Aqua Level 1A data were processed using an atmospheric
correction adequate for coastal waters, and SPM daily maps were generated applying an algorithm adapted from literature. The RST
approach was then applied to these maps to assess the anomalous presence of SPM. The study area involves the Basilicata region
coastal waters (Ionian Sea, South of Italy). A long-time analysis (2003-2015) conducted for the month of December allows us to find that
the maximum SPM concentration value was registered in December 2013, when an extreme hydrological event occurred. A short-time
analysis was then carried out applying RST to monitor the dynamics of anomalous SPM concentrations. Finally, the most exposed
areas, in terms of SPM concentration, were identified. The results obtained in this work showed the RST high potential when used in

combination with standard SPM daily maps to better characterize and monitor coastal waters.

Keywords: Suspended Particulate Matter; MODIS; Robust Satellite Techniques (RST); Basilicata region coastal waters; river plume



1. Introduction

Variations in Suspended Particulate Matter concentration (SPMc) due to natural (e.g., flood events) or man-made (e.g., dam building or
marine dredging activities) causes can impact the coastal water quality and, therefore, marine ecosystems [1,2]. The European Water
Framework Directive (WFD) [3] establishes a framework for the protection of the transition waters, such as coastal waters and estuaries,
implementing the monitoring activities of phytoplankton and benthic algae [4]. Coastal areas, especially in presence of river mouths, are
subject to large SPM variations in time and space [5], which can be considered as a stress factor for many pelagic and benthic organisms
[5,6,7]. An increase in SPMc, which can be also produced by wind-wave resuspension in shallow waters [8], determines water turbidity
variation with a direct effect on warming processes, influencing dissolved oxygen concentration [9]. The SPM distribution varies in different
coastal areas and over a large spatiotemporal domain, hence making the SPM monitoring unprofitable by using traditional field methods,
which can provide accurate measurements only at a very small spatiotemporal scale. Remote sensing techniques have become a valuable
alternative to in situ measurements [10], mainly using data acquired in the red and near-infrared (NIR) spectral regions of the
electromagnetic spectrum, where SPM usually dominates the seawater spectral signature [10,11]. In particular, [11] found that the
wavelength associated to the maximum in remote sensing reflectance (R;s, normalized water-leaving radiance/mean extraterrestrial solar
irradiance, (sr71)) increases from green to red up to NIR wavelengths with increasing SPMc. Focusing on Gironde estuary, [11] found that
R;s grows between 400 and 700 nm for moderately high SPM values (35-250 g/m3), while R,s tends to saturate at these wavelengths for
extremely turbid waters (SPMc higher than 250 g/m3) but still considerably increases in the spectral NIR region.

Many satellite radiometers, capable of acquiring information in the visible and NIR spectral regions, have been exploited so far for such a
kind of application. Among them, MODIS is the one operational at a global scale with a good trade-off between spatial and temporal
resolution. It is on-board Earth Observing System (EOS) Terra (since 2000) and Aqua (since 2002) satellites and has two spectral bands in the
red (band 1, 620-670 nm) and NIR band 2, 841-876 nm) regions at a spatial resolution of 250 m, acquired twice per day, almost all over the
world. Several authors have used MODIS single band algorithms [1,9,12,13,14,15] as well as the combination of bands [16,17,18,19,20] for
retrieving SPMc in different geographical areas characterized by different SPM features. Even if the proposed algorithms perform well for
the specific region where they were calibrated, their accuracy is still poorly demonstrated over different geographic regions [21]. Some
efforts have been made in the past years to develop a more general algorithm valid for a wide range of geographical and geophysical
settings as well as SPM concentrations. [10] proposed a semi analytical single band algorithm for SPMc retrieving, for different sensors and
wavelengths, calibrated using in situ data (SPM range: from ~1 to ~110 g/m?) from the Southern North Sea, finding an error of about 30%
and 40% in calibration and validation respectively. More recently, [21] tested different algorithms (including [10]) for retrieving SPMc on a
broad range of concentrations (from 0.15 to 2626 g/m3) and for various coastal environments dominated by river discharge, resuspension or
phytoplankton bloom in Europe, French Guiana, North Canada, Vietnam, and China. Among the algorithms tested, the one proposed by
[10] resulted the best, assuming that the model parameters were adapted using the in situ measurements. These preliminary studies
confirmed the uncertainties of such algorithms if applied to different SPMc ranges or geophysical characteristics, suggesting the need of
further analyses for a better accuracy assessment. Another source of uncertainty for these algorithms concerns the implemented atmospheric

correction procedures. Even if several atmospheric correction algorithms have been proposed for turbid coastal waters (e.g., [22,23,24]), their



performance changes on the basis of the analyzed location and range of SPMc. Moreover, the SPMc values and variations are usually
unknown for those areas where no previous studies are available. Therefore, considering the high SPM variability worldwide, it is quite
difficult to understand the significance of an absolute SPMc value. The same difficulty, considering the SPM variability in the
spatiotemporal domain, can occur also in the same study area. For instance a SPMc of 50 g/m? in an area normally characterized by high
SPMc values (e.g., estuarine or coastal area under the influence of very turbid rivers, etc.) could have a low specific impact on the local
environment. Instead, the same SPMc value, if registered in areas normally characterized by lower SPM concentrations, might have stronger
effects and lead to serious environmental risks.

In this work, we investigate the potential of the Robust Satellite Techniques (RST) [25,26,27] approach to monitor SPMc variations in
coastal area. Taking into account the signal historical behavior at local (i.e., pixel) level, RST allows the characterization of the unperturbed
conditions (normally registered) of the analyzed areas independently from each specific site-setting. Once such unperturbed conditions are
known, statistically anomalous SPMc variations can be detected, allowing us to infer their dynamics and spatiotemporal evolution. The
Basilicata region (South Italy) coastal area, poorly investigated by ocean color remote sensing and never for SPM, has been selected as study
area. Implementing RST on SPMc daily maps, anomalies associated with several river plumes in the short- and long-term periods are

identified and analyzed.

2. Study Area

The Basilicata Region coastal waters (BRCW, Figure 1), located in the Ionian Sea (Mediterranean Sea), have been investigated in this work.
The Basilicata region is situated in Southern Italy and its main rivers, all flowing into the Ionian Sea are, from N-E to S-W, the Bradano,

Basento, Cavone, Agri, and Sinni.

{1 *|l . vll Figure 1. (a) Study area localization (red box) in the Mediterranean Sea; (b) magnification of the
:j/ / Basilicata Region Coastal Waters (BRCW) within the red box of (a), with the main rivers of the region
@;@% »;/;i Y and the bathymetry from 10 to 100 m. The black dots on the rivers indicate the position of the gauging
: . ;c%‘;}f ke L/ g1 | stations.

The Bradano, Basento and Cavone river basins are characterized by low levels of precipitations and a small number of springs, implying
lower flow rates during summer when compared to the Agri and Sinni basins characterized by a higher precipitation rate and a larger
number of springs [28]. The annual minimum flow rate of the Sinni, Agri, Bradano and Basento is 1.38, 0.5, 0.04, and 0.08 m3/s, respectively,
whereas for the Cavone it is practically nil [28]. In situ measurements of maximum flow rate are not available for these rivers. The maximum
flow associated to a return-period of 30 years, computed according to [29], is 2635, 1408, 637, 2073 and 1282 m3/s for the Bradano, Basento,
Cavone, Agri and Sinni, respectively [30].



Very few studies have been made using ocean color satellite data over BRCW (e.g., [31]), and none of them refers to SPM monitoring.
Studies using in situ measured data to analyze the SPM dynamics in the BRCW are also very scarce. Among them, Buccolieri et al. [32]
investigated the heavy metals distribution and accumulation in Taranto Gulf marine sediments, finding that Basilicata rivers are an
important source of heavy metals for this area. Buccolieri et al. [32] speculated that the main reason of their accumulation in the East part of
the gulf is due to the combined effects of the general anticlockwise marine currents and the river discharges (as source of contaminants) on
the Basilicata region coast.

In recent years, several flood events affected the Basilicata region coastal area [33] due to the increase in the frequency and intensity of
moderate-to-heavy rainfalls [34]. Figure 2a shows the average daily river water levels at the five gauging stations closest to the river mouths
(black dots in Figure 1) for the 1 January 2011-30 June 2015 period (data were collected by the Civil Protection Department of Basilicata
Region). All rivers show a strong seasonal pattern, characterized by maximum water levels during the autumn-winter period. Among the
five rivers, the Sinni shows the lowest variability due to the presence of the Monte Cotugno dam on its path, which is able to control the
river flow variation in case of extreme events (floods and droughts). During the almost five years of available river level data the maximum
values were registered on 1 December 2013 for the Sinni (3.6 m) and Agri (4.19 m), on 2 December 2013 for the Basento (7.92 m) and Cavone
(5.22 m). The two maximum water levels for the Bradano were registered on 2 March 2011 (6.04 m) and 2 December 2013 (5.39 m). These
data suggested focusing on the extreme event occurred in the Basilicata region between 30 November and 7 December 2013, caused by a
significant amount of rainfall due to the “Ciclone Nettuno” storm. A daily value of 130 mm was recorded on 1 December 2013 and a

cumulative one of about 200 mm for the entire event [33] was found at the Bradano river gauging station.

Figure 2. (a) Water levels measured at the five gauging stations closest to the Ionian Sea for the 1
January 2011-30 June 2015 period. For the Cavone river data are missing from 1 March 2011 to 1
January 2012, while for the Agri river the measurements started from 1 January 2013. (b)
Magnification on the 1 November 2013-31 December 2013 period, within the black dashed rectangle
in (a).

An important contribution to SPMc variations may also be caused by wind-wave resuspension in shallow waters [8]. To better evaluate
such an effect, wind data acquired by the Italian agency for environmental Protection and Research (ISPRA, [35]) were analyzed. In detail,
considering that no wind station is available within the study area, we used the information acquired at the Taranto one, located just outside
the study area (less than 2 km) in the North-East sector. The registered wind intensity and direction are shown in Figure 3 by the length and

the direction of the green bars respectively, measured every 10 min in the 1-13 December 2013 period.



Figure 3. The registered wind intensity (m/s) and direction measured every 10 min in the 1-13
December 2013 period at the Taranto station (data from [35]).

During the investigated period the highest wind speed value, equal to 13.9 m/s, was registered on 1 December 2013, while the averaged
wind speed values measured during the event, i.e., on 4, 5 and 6 of December (analyzed in detail in Section 4) were 3.5 m/s, 1.8 m/s and 1.7
m/s, respectively. The value recorded on 13 December, i.e., on the first image used later for the falsification analysis (see Section 4.4), was 3.4
m/s. The absence of systematic in situ observations as well as of previous works on the relationship between SPM and wind in the studied
area does not allow assessing whether these values can produce a sediment resuspension. Nevertheless, the comparable wind intensity
recorded both during the days of the event (i.e., 4, 5 and 6 of December 2013) and after its end (i.e., 13 December 2013), seems to indicate
that such intensities are not able to produce a detectable resuspension effect. Moreover, considering, as an example, that [36] found for their
specific area of study (Barataria, SouthEast Louisiana, USA) that the resuspension effect was predominant over other SPM sources for wind
speed higher than about 4 m/s, we can further speculate that the main contribution of SPM in BRCW for the specific investigated period is

river input. A more general discussion about the relationship among SPM, river level and wind speed will be presented in Section 4.3.
3. Material and Methods

3.1. Satellite Data Processing for SPM Daily Maps Retrieval

Data recorded by the MODIS sensor on board Aqua satellite have been analyzed in this study. Due to the presence of turbid waters in
BRCW, the NASA’s standard ocean color Level 2 (L2) product, obtained applying the NIR atmospheric correction [22,37], systematically
presents a lot of negative R;4 values in the red and NIR spectral bands, especially near the coast, thus making these data unusable. For this
reason, MODIS Level 1A data, directly downloaded from NASA’s ocean color web site [38], were reprocessed using the SeaDAS software
(version 7.3). After producing Level 1B and geolocation files, two atmospheric correction methods, NIR-SWIR [24] and MUMM [23],
properly designed for coastal waters, were evaluated. The NIR-SWIR approach first computes a turbidity index used for selecting which
bands, between the NIR or SWIR ones, have to be used for the atmospheric correction (aerosol contribution). The NIR approach is used for
waters with a lower level of turbidity, while the SWIR one is used in case of highly turbid waters, as the seawater reflectance in the SWIR
region is negligible independently from the SPMc value [39]. Briefly, for waters where the turbidity index is lower than a certain value (i.e.,
1.3) the standard NIR atmospheric correction is applied [24], while for pixels with a higher value the SWIR bands are used for the
atmospheric correction. The MUMM atmospheric correction is, instead, based on the assumption of a constant ratio of both the aerosols and

water leaving reflectances measured at 765 and 856 nm [23], the so-called similarity spectrum [40]. This assumption, initially formulated for



SeaWiFS, has been exported on MODIS sensor assuming the homogeneity of the 748:869 nm ratio for aerosol and water leaving reflectance.
The MODIS 748 (band 15) and 869 (band 16) bands are both at 1000 m of spatial resolution. These two bands were automatically
downscaled at 250 m spatial resolution by SeaDAS during the atmospheric correction process in order to apply such a correction to the two
MODIS bands used for SPM computation in this work (band 1, 645 nm and band 2, 859 nm) at 250 m spatial resolution.

L2 satellite products obtained applying [23,24] for the subset shown in Figure 1b (Lat/Long projection, WGS84) were found to be very
similar for most of the images analyzed over BRCW. However, the NIR-SWIR atmospheric correction returns a noisier product when
compared to the MUMM one, producing several negative Ry values in the waters with a low level of turbidity. Therefore, the latter was
chosen as the most suitable for atmospheric corrections in BRCW. As a first result, considering the validity range of the MUMM atmospheric
correction method [41], we can speculate that BRCW is characterized by low-to-moderate SPMc values.

Subsequently we focused on the SPMc retrieval. Considering that no in situ measurements were available to define a local algorithm, we
used a standard one. Nechad et al. [10] proposed a general semi-analytical algorithm for retrieving SPMc in turbid coastal waters and
validated it within the 1-100 g/m3 concentration range in Southern North Sea. The general formulation of this single band algorithm can be
written as follows:

SPMec (g/m3) =

Puw(A) M)

where SPMc is the SPM concentration in g/m3, py(A) = 7 x Rys(A) is the water leaving reflectance, Ap(A) (in g/m3) and Cp(A)
(dimensionless) are the algorithm coefficients, which depend on the spectral band considered. The use of MODIS-250 m red band (645 nm)
reflectance in Equation (1) produces, especially when high river water levels occur, SPMc values higher than 200 g/m3 in BRCW. These high
values are in contrast with those obtained by previous studies [31,42], where the use of red band proved to be suitable for the retrieval of
SPMc up to ~50 g/m?3, while the use of the NIR band is more appropriate for higher SPMc values. In order to avoid such unphysical SPM
concentrations achieved using only the red band, a combined approach, as previously proposed by [21], can be implemented. Red band R
can be used for SPMc <~50 g/m?, while the NIR one is preferable for higher SPMc values. In detail, using the coefficients given by [10] for the
first two MODIS bands, Equation (1) can be written as follows:

258.85 - p, (645)
P (645) 2)
0.1641

SPMcreq (g/mg) =
1—

2891.23 - p,, (859)
94 (859) ©
0.2112
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The coefficients A,(1) and C,(A) of Equation (1), were specifically provided by [10] for A = 645 nm in their Table 1. Whereas those for A =

859 nm, not furnished, were instead obtained from a linear interpolation of the ones provided for A = 857.5 nm and A = 860 nm, respectively.

Table 1. Monthly average SPM, river level and wind values for the month of December in the 2011-
2015 period.

Equation (2) is used for the slightly-to-moderately turbid waters (Ry5(645) < 0.03 sr™!, corresponding to SPMc < ~50 g/m?3), while Equation
(3) is applied for more turbid waters (R;s(645) > 0.04 sr™l, SPMc > ~150 g/m?). SPMc corresponding to the 0.03 < Ry < 0.04 sr! range is
computed using a weighted average, calculating the weights by applying a logarithmic function (see [21] for more details on the methods).
Keeping in mind that [10] found, as mentioned above, an error of about 30% and 40% in calibration and validation respectively, it can be
speculated that such an error affects at least the absolute SPMc maps computed over BRCW.

A summary of the pre-processing steps implemented to obtain the SPMc daily maps starting from the MODIS Level 1A data is shown in
Figure 4a.

°"""a) Pre-processing
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Figure 4. Flowchart of the various steps of elaboration. (a) Pre-processing of the MODIS L1A data to

— obtain SPM daily maps; (b) main steps of RST implementation.
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3.2. The RST Approach for Identification of SPM Spatiotemporal Anomalies

RST is a general multi-temporal approach of data analysis, successfully implemented for investigating different natural and anthropic
risks. A detailed description of the approach and a list of its wide range of applications can be found in [27], while in [43] its recent
application to identify areas of near-surface chlorophyll-a anomalies in oligotrophic waters is described. Figure 4b shows the RST
implementation steps for the specific purpose of this study. The approach starts collecting multi-year homogeneous (e.g., same investigated
signal/parameter, same location, same month and acquisition time) series of satellite records. Then, the expected value and natural
variability of the investigated signal are computed. Finally, a signal anomaly is statistically identified when the signal under investigation
exceeds such an expected value taking also into account its natural variability. To this aim, a local variation index, named ALICE
(Absolutely Local Index of Change of the Environment, namely ®v(x, y, t)), is computed [25,26,27] and expressed in its general formula as:



V($7y7 t) - ‘/;ef (.’IZ,y)

Oref (.’1}, y)

Qv (z,y,t) = 4)

In this equation V(x, y, t) is the investigated signal acquired at location (x, y) and at time ¢, selected according to the type of phenomenon
to be studied. It can correspond to the signal measured in a single channel, a combination of spectral bands or another physical parameter
(e.g., surface temperature, SPM or Chlorophyll-a concentration, etc.). Vif(x, y) and oA, y) represent the value of the investigated signal
expected in unperturbed conditions and its natural variability named the “reference fields”. The two reference fields are computed
considering only cloud-free records belonging to the collected satellite imagery, acquired under similar observational conditions. V. is
usually expressed as the temporal mean uy(x, y), but, for specific applications, it can be the minimum miny(x, y) or maximum maxy(x, y)
value historically recorded [25]. oyef(x, y) is usually expressed as the standard deviation. Considering the scope of the present study, the

index in Equation (4) can be written as follows:

SPMc(z,y,t) — pspm (z,y
®spm (T,y,t) = (UspM)(:L’ v) @9 ®

where SPMc(x, y, t) is the SPM concentration at location (x, y) and time t, usppm(x, y) and ogpp(x, y) are the interannual reference fields
representing the unperturbed conditions and the normal variability at pixel level. Both reference fields were computed using time series of
the daily MODIS-SPMc maps for the month of December for the years 2003-2015, obtained applying the approach suggested in the previous
steps (Section 3.1, Figure 4a). For each pixel of the study area an iterative ko procedure [25] was implemented to exclude outliers, to make
the reference fields actually representative of unperturbed conditions. About 500 MODIS-Aqua images recorded in December were
collected, including those only partially covering the BRCW, to produce the reference fields, which are shown in Figure 5ab. While
processing the images, for each of them, the pixels affected by clouds, sun glint, or large satellite zenith angle were discarded from further
analysis. Figure 5¢c shows that for many pixels in the area more than 100 records (survived to the above mentioned discarding procedure)
were used for computing usppi(x, y) and ospp(x, y), with a median value of ~92 useful record per pixel over the whole area. Such a number
has been found to be, by an independent study applied on RST approach [44], high enough to be representative of the investigated long-
term time-series signal. The identification of cloudy pixels has been performed using data acquired in the SWIR bands [45]. After testing
various thresholds, we used a value of 0.012 on the Rayleigh-corrected reflectance (p. = pToa — Pr) 2130 nm SWIR band for detecting cloudy
pixels. It is worth mentioning that a smaller number of images was used for computing the reference fields close to the coastline, compared
to the other pixels of the study area. The sub-pixel effect due to the presence of a water-land mixed signal might produce a failure of

atmospheric correction, especially for off-nadir acquisitions, making the SPM retrieval impossible in these areas.



Figure 5. December 2003-2015 RST-based interannual reference fields for BRCW: (a) uspm(x, y); (b)
ospm(x, y); (¢) number of images used for each pixel to compute ugpym(x, y) and ospp(x, y); (d)
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Concerning the reference fields shown in Figure 5a,b, as expected, the highest SPMc values and variability were found near the coast,
particularly close to the river mouths.

The index of Equation (5) should exhibit high positive values when SPMc is considerably higher than normal conditions, also considering
the normal variability of the measured signal for the specific place and period of the year. The normal variability allows taking into account
all the possible sources of noise (random or not, known or not) that can modify the measured signal at sea surface in coastal areas, such as
river plumes, tidal effects, adjacency effects, re-projection issues and atmospheric correction problems. The possible variability in SPM
absolute values due to computation uncertainties also provides an increase of the normal variability as well as a signal trend, while
potential errors related to the use of an algorithm calibrated for another specific region are minimized by the inherent differential nature of
RST approach.

Considering that the ALICE index is a Gaussian standardized variable (with u~0 and o~1, see Figure 5d), @spm(x, y, t) increasing values
can be associated to statistically anomalous events. @spm(x, y, t) values higher than 2, 3 and 5, indeed, indicate a decreasing occurrence
probability equal to 2.27%, 0.15% and 2.8 x 107%, respectively, while higher ®gppi(x, , t) values are associated to an even lower occurrence
probability.

4. Results and Discussion

4.1. Interannual Analysis

Before applying RST to the event occurred in December 2013, the SPM interannual variability was studied for this month during the 2003—
2015 period (Figure 6). To this aim, first the reference field outputs of the interannual analysis previously described (Figure 5a,b) were
spatially averaged over BRCW. The spatial averaged values were found to be 1.70 g/m3 and 0.97 g/m3, respectively, for the interannual mean
(1 sppr) and standard deviation (Tgpar). Wspas is represented by the red dashed line in Figure 6, while the dashed green one indicates the
normal SPMc variability interval (i.e., fLgppr = 1 x Ogppyr = 2.67 g/m3). For each December from 2003 to 2015, the mean SPMc as well as its
standard deviation were also computed at monthly (M) scale. Both these values were spatially averaged over BRCW, obtaining the blue
rhombus (i gpps—pr) and the error bars (i sppr— s £ 1 x 0spar—nr ), shown in Figure 6.



Figure 6. Trend of SPMc monthly mean spatially averaged over BRCW for the months of December
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e g 1 error bar associated at each year represents the annual standard deviation spatially averaged over
' BRCW. The dashed black line indicates the trend line of the monthly SPMc mean for December.

Three [t gpps—ar main relative peaks have been identified in the 2003-2015 period: December 2004 (2.67 g/m3), December 2008 (2.47 g/m3)
and December 2013 (2.75 g/m3). Among these only the one corresponding to December 2013 shows a value higher than the normal
variability interval (December 2004 is still within this range), indicating an anomalous behavior of this year with respect to the mean SPMc
interannual value. Furthermore, for this year also the highest SPMc standard deviation variability (i.e., the error bar) was detected,
suggesting strong spatial and temporal SPM dynamics. For the other years the behavior was similar and the higher @t gpps_ s is, the higher
ospym—M is. Indeed, years characterized by lower relative pgpy_ Vvalues, such as 2010, 2012, 2014 and 2015, are also characterized by a
lower ogppr—ar - A decreasing weak SPMc trend (with p-value = 0.025) has also been recognized (dashed black line in Figure 6), which, in
any case has not significantly influenced signal variability and hence RST sensitivity. The standard deviation of trended and detrended
series shown in Figure 5, indeed, is very similar (0.55 g/m3 for the first and 0.49 g/m3 for the latter). Such a trend can be associated to a
reduction in the precipitation rate during the autumn-winter season in the Mediterranean basin as observed for the 1951-2010 period for
the Bradano river catchment [46]. Despite this general decreasing tendency, the occurrence of moderate-to-heavy rainfalls has increased in
frequency and intensity over the last decade [34], generating for example the extreme December 2013 event. A climatological analysis which

takes into account all the calendar months should be carried out in the future to better assess such behavior.

4.2. Daily Analysis for the Event of December 2013

Here we analyze the results obtained for the extreme hydrological event affected the Basilicata region in December 2013. SPMc maps were
computed by applying the combined approach described in Section 3.1, then the RST-based Equation (5) was applied to these data. It is
worth noting that the first MODIS-Aqua cloud-free image over the BRCW related to the event was acquired on 4 December 2013 at 12:25
GMT, therefore with a three-day time lag since the maximum water level was registered at the Agri and Sinni stations, and a two-day time
lag since that measured at the Basento, Bradano and Cavone (see Section 2 and Figure 2b).

Figure 7 shows the SPM maps obtained applying the method described in Section 3.1 to the MODIS-Aqua images respectively acquired
on 4, 5 and 6 December 2013. In these maps the color bar describes the SPMc values, while in grey are depicted those pixels where no SPM

retrieval was possible due to no-data value (failure of atmospheric correction due to sub-pixel effects close to the coast) or cloudy pixels.



Figure 7. SPMc maps over the BRCW obtained with the approach described in Section 3.1 on (a) 4; (b)
5 and (c) 6 December 2013. The black A-B segment in (c) will be used in Figure 9.

The plumes associated to the five main rivers in the study area are clearly visible, with SPMc values higher than 100 g/m3, especially very
close to the river mouths on 4 and 5 December (Figure 7a,b). The plume characterized by the greatest extension and the highest SPMc values
is that of the Basento river, while the smallest one, both in terms of extension and values, is the Agri plume. These results are well in
agreement with the river water levels measured (Figure 2b). Comparing the images acquired in the above-mentioned three days, it is
possible to confirm the very high SPM spatial and temporal dynamics, at least in the upper water layers. In fact, on 6 December, Figure 7c
shows SPM values lower than 20 g/m? in almost all the BRCW, with the highest SPMc values in correspondence of the Bradano and Basento
mouths. The distance from the coastline where significant SPMc values were found differs for each river. In fact, the plumes associated to
the Sinni and Agri extend over a distance up to 20 km, while the Cavone, Basento and Bradano plumes cover a distance up to 10 km on 5
December (Figure 7b). On 4 December all river plumes extend from North-East to South-West (Figure 7a), while on 5 December, only one
day after, the plume directions changed becoming almost perpendicular to the coastline for the Sinni, Agri and Bradano. The Basento plume
direction, on the other hand, did not change significantly, while the Cavone plume was hardly distinguishable on 5 December (Figure 7b).
The high spatial variability of plumes directions over BRCW suggest high superficial current variations in the study area.

Figure 8 shows the results obtained when applying Qspm(x, y, t) (Equation (5)) to the SPM maps (Figure 7) of 4, 5 and 6 December 2013.
In Figure 8, ®spm(x, y, t) values higher than 2 have been depicted in different colors on the basis of their magnitude, while grey pixels
correspond to no-data value, as in Figure 7. The maps show a significant amount of anomalous pixels with very high values all along the
coast in particular for the firsts two days analyzed. On 4 December (Figure 8a), ~21% of the total area (712 km? for a total area of 3390 km?)
shows an @spm(x, y, t) higher than 2 and ~18.6% of the total area has an ®gpm(x, y, t) higher than 3. Bearing in mind that Qgpm(x, v, t)
values higher than 3 have an occurrence probability of 0.15%, it is worth mentioning that pixels showing such a value undergo significant
anomalies compared to the normal conditions. Similar results were found for the image of 5 December, where about 19.6% of the BRCW
pixels show ®spm(x, y, t) values higher than 3 (Figure 8b), a spatial extension greater than that found on 4 December. The situation, in
terms of relative SPMc variation, seems to progressively return to almost normal conditions on 6 December, when areas characterized by
®spm(x, y, t) values higher than 3 are mainly located at the Basento and Bradano mouths and in the BRCW South-West part (Figure 8c),
affecting less than 1% of the entire study area. Values of ®spm(%, y, t) higher than 2 on 6 December, instead, are mainly located in the South-



West portion of the study area (Figure 8c) and seem to be related to the Sinni plume, extending over a distance of 20 km from the coastline.
It is worth noting that the BRCW portion indicated by the green arrow in Figure 8a probably indicates both an SPM accumulation area
caused by anticlockwise currents [32] on 4 and 5 December as well as a local resuspension effect related to the presence of the small
seamount shown in Figure 1b (in the South-West sector of the image). This area is linked with the main anomalous areas (in correspondence

of coastal waters in front of the main rivers) through a thin portion of anomalous pixels very close to the coast (blue arrow in Figure 8a).
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Figure 8. ®spm(x, y, t) maps obtained applying the RST approach for the MODIS-Aqua images

acquired on: (a) 4; (b) 5 and (c) 6 December 2013. The black A-B segment in (c) is the same reported in
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Figure 7 and will be used in Figure 9.

40.0°N

On 5 December, when the general currents have apparently changed, the area indicated by the green arrow in Figure 8a is disconnected
from the other anomalous pixels, which move, in the case of the Sinni and Agri river plumes, to the North-East direction. On 6 December
only very few anomalous pixels are still visible, extending in a rectilinear shape for more than 10 km from the coastline.

Although Figure 7 and Figure 8 highlight similar SPMc features, the results reported in these two figures are supplementary. Figure 7a
shows where high absolute SPMc values are located, but without any knowledge about the history of the area at pixel level, it is difficult to
attribute a significance to these SPMc values. On the other hand, RST allows us to identify areas with SPMc values significantly higher than
the value observed in normal conditions, taking also into account the signal variability (standard deviation). Therefore, the same SPMc
absolute value can generate very different @spm(x, y, t) magnitudes. To better understand the differences between the anomalies obtained
computing Qspm(x, ¥, t) and the SPMc values, the signal profiles along the A-B transect in Figure 7c and Figure 8c are reported in Figure 9.
In detail, in this figure, the @spm(x, y, t) variation is depicted in red and the SPMc one in blue. The purple line provides the value of SPM
temporal mean plus two times the standard deviation (i.e., pspp(x, y) + 2 x osppm(x, y)) for each pixel of the profile investigated. Moreover,
the red dashed line indicates the @spm(x, y, t) threshold of 2. In the first part of the transect (up to 6.5 km, highlighted by the black dashed
vertical line in Figure 9), the SPMc (blue line) is quite high but never higher than the (usppm(x, y) + 2 x osppm(x, y)) value (purple line) so that
no anomaly is detected. In this first portion, SPMc and its variability (and therefore pgpp(x, y) and osppi(x, y)) are normally higher than in
the remaining part because of the proximity to the coastline and river mouths, which makes those areas usually affected by high mean and
variability values. Moving on the right side of the black dashed line, even if SPMc is lower than in the first portion of the transect, it is high
enough to be greater than (ugpp(x, y) +2 x osppm(x, y)) (sometimes also higher than 3 x ospp(x, v)). Hence, statistically significant @spm(x, vy,
t) values are obtained, indicating that for the period and location analyzed anomalous SPMc is detected.



Figure 9. SPMc, Qspm(x, y, t) and [pspm(x, y) +2 x ogppm(x, y)] variations along the A-B transect on the

» 4 image acquired on 6 December 2013 (Figure 7c and Figure 8c). The black vertical dashed line
highlights the first occurrence of anomalous signal.
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4.3. Evaluation of Wind Effect on SPMc Variation

To better investigate the wind-wave resuspension effect in the SPMc variation over BRCW a long-term study was performed for the
month of December in the 2011-2015 period. The monthly averaged wind data recorded at the Taranto station were compared with SPMc
and river levels (derived by the data illustrated in Figure 2a) aggregated at the same temporal scale (Table 1).

A clear agreement is observed in Table 1 between the variation of SPM concentrations and river levels, while no correlation seems to be
present between SPM and wind. In particular, for the 5-year period investigated, the minimum wind speed value was observed in December
2013 (2.58 m/s), in correspondence with the maximum SPMc (2.75 g/m3) and river level (2.13 m) values. Besides, the maximum wind speed
value (4.61 m/s) was observed in December 2015, when a minimum in SPMc (1.20 g/m3) and river level (1.03 m) were registered. Based on
these data it can be speculated that, if present, the wind induced resuspension phenomena have only a second-order effect on the SPMc
variations for CWBR. These SPMc variations, once again, are much more related to river level increasing caused by rainfall events such as

the “Ciclone Nettuno” storm, confirming the previous assumption on the wind speed effect provided in Section 2.

4.4. Confutation Analysis

The analysis for a day of low SPMc was also conducted to assess RST performances in case of normal river discharges. The scope of this
analysis is to show that no “false positive” value is detected in case of low/normal SPMc. This assessment was carried out on 13 December
2013, when the rivers outflowing in BRCW were no longer affected by the flood episode of the early December 2013 (Figure 2b). In detail,
the mean rivers level was 2.22 m, well below those recorded on the three days already analyzed in Section 4.2 (5.21 m for 4 December 2013,
4.43 m for 5 December 2013 and 3.73 m for 6 December 2013). SPM concentrations for this day are lower than 10 g/m? in almost all the
BRCW, with the highest values (the SPMc values do not exceed 50 g/m3) obtained at the Bradano mouth (Figure 10a). Results obtained
applying RST for the same day show no significant anomaly —®spm(x, y, t) < 2 —(Figure 10b). Neither are anomalies detected at the
Bradano mouth where the highest SPMc values are registered. This is because the computed SPMc is in the normal range of values and
variability for that specific area and period of the year. As the river levels recorded on 13 December are not affected by high river water level
(Figure 2b), this result confirms once again the ability and the robustness of the RST approach to detect only the pixels affected by
anomalous SPMc values.



Figure 10. (a) SPM and (b) ®spm(x, y, t) maps of 13 December 2013, where no anomaly is detected by
RST methodology.

To assess if the result just shown can be related to a specific contingency, we analyzed other two MODIS images acquired on 30 December
2012 and 13 December 2014, hence in different years from 2013 (Figure 11). The mean river levels were 1.20 m for the first image, and 1.02 m
for the latter, indicating again the presence of normal river discharge over the BRCW. For both the acquisitions, SPMc was everywhere
lower than 10 g/m? (Figure 11a,c), and no significant anomaly has been detected by RST (Figure 11b,d), confirming the previous results.

Figure 11. (a) SPM and (b) @spm(x, v, t) maps of 30 December 2012; (¢) SPM and (d) ®spm(x, y, t)
maps of 13 December 2014.
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4.5. Identification of the Most Critical Areas in Terms of SPMc Values

The RST-based analysis performed at daily scale to study the December 2013 event was extended to the whole December 2003-2015
dataset to identify the BRCW areas most seriously affected by anomalous SPMc values. To this aim ®spm(x, y, t) was computed all over the
time period considered, and the @spm(x, y, t) > 3 occurrence frequency was computed for each pixel of the study area. Results are reported
in Figure 12 in terms of percentage of occurrence with respect to the total images considered for the reference field computation at pixel
level (Figure 5c). Besides some spurious and isolated pixels far from the coast, the higher frequency of occurrence was found near the coast,
with a pattern very similar to that obtained studying the December 2013 event. Orange-red pixels in Figure 12 highlight those pixels where
[frequency®spm(x, y, t) < 3] is higher than 20%, which are mainly located in front of the Bradano, Basento and Cavone river mouths.
Another area of persistence, located South of the Sinni mouth (black arrow in Figure 12), does not seem to be directly connected to any river
mouth and is likely to correspond to an SPM accumulation due to the currents or resuspension phenomena. The dispersion direction of each
river plume is also observable —the Bradano, Basento and Cavone plumes follow the North-East/South-West direction, while the Agri and
Sinni plumes are hardly distinguishable. The highest @sppm(x, y, t) > 3 occurrence frequency was found in front of the Bradano river mouth
(47%). On the other hand, an area with a low frequency of SPMc anomaly occurrence is located in front of the Agri mouth, in agreement

with the river levels measured.
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Figure 12. Frequency of occurrence of Qspm(x, y, t) > 3 for BRCW in the analyzed period.
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The map reported in Figure 12, referring to the whole 2003-2015 period, can be very helpful to the regional agencies for environmental
monitoring because it indicates the most critical areas in terms of anomalous SPMc values. Those areas have been subject to a water
transparency reduction as well as other phenomena, such as pollutant transport that could have affected the marine environment status. In
the light of this, among the possible users, aquaculture companies can find this map really useful in order to exclude the most vulnerable
areas from their potential production facilities. Such information, obtained by applying RST approach to SPMc maps, would have been
difficult to highlight by analyzing the absolute SPMc at daily or monthly scales. It is worth mentioning that such an analysis should be

extended to all the other calendar months to have a clearer view of the whole area.

5. Conclusions and Prospective

Complex coastal areas characterized by the co-existence of several river mouths can be affected by a large spatiotemporal SPMc
variability. Inferring the role played by each river in these ecosystems, in terms of SPMc relative variability, can furnish a better
understating of the water quality status. In this work, ocean color satellite data were used for monitoring SPM concentration variation in the
Basilicata region coastal waters (BRCW), located in the Gulf of Taranto (Ionian Sea). It is the first time that this area, characterized by the
presence of 5 river mouths on about 35 km of coastline, has been object of this kind of analysis. To better characterize the BRCW behavior, in
terms of SPMc variability, long- and short-time analyses have been carried out. First, data acquired by MODIS-Aqua at 250 m of spatial
resolution in the red and NIR spectral bands have been used to generate SPMc daily maps by adapting an algorithm from literature [10].
After that, 13 years of SPMc maps acquired in the month of December from 2003 to 2015 have been analyzed following the Robust Satellite
Techniques methodology prescriptions. Such a long-term study showed on one hand that the SPMc has got a weak decreasing trend, on the
other that December 2013 shows the highest value in correspondence of the highest river levels recorded in the area. In fact, the “Ciclone
Nettuno” storm affected a large portion of the Basilicata region from the end of November to the first days of December 2013, causing a
large flood event and consequently an increase in SPMc. A negligible SPMc resuspension contribution was confirmed during the
investigated period by a specific analysis on wind data affecting the area. The RST short-term temporal analysis focused on this event has
shown the potential of this methodology in integrating information contained in the daily SPMc maps. Evident anomalies have been found
in correspondence of SPMc significant statistical increase. RST helps to better understand the meaning of the recorded absolute SPMc

values. The same SPMc value, indeed, can be representative of very different (and stressful) environmental conditions depending on the



areas investigated. As shown in Figure 9, an SPMc value up to 10 g/m3 found close to the coastline where higher mean SPMc values and
variability are usually present, cannot generate any signal anomaly, while an SPMc of 5 g/m3 can produce anomalies where concentrations
measured under unperturbed conditions are typically lower. The reliability of the proposed approach has been further assessed by a
falsification analysis carried out in a few days without significant river water levels. Results achieved confirmed the RST robustness,
avoiding the detection of “false positive” values in normal conditions. Finally, RST has been used for defining the areas most prone to an
SPMc anomalous increasing over BRCW for the month of December in the 2003-2015 period. The most exposed areas have been found in
front of the river mouths, in particular for the Bradano, Basento and Cavone rivers. Very few persistent anomalous pixels have been found
associated to the Sinni and Agri mouths. In conclusion, the RST implemented on SPM data has proved to be a useful tool to better
understand the behavior of coastal waters and improve monitoring activities. A major limitation of such an approach applied to ocean color
satellite data is related to the presence of clouds, which obviously can mask the coastal area preventing the method application. Clearly, the
spatial resolution of the satellite data used also affects the capability to provide information for the areas closest to the coastline. The
performed analysis allow us to assess, as stated above, the presence of a weak trend in the investigated time series that has not significantly
influenced RST sensitivity in this specific case. It is clear that, in presence of more significant trends, their effect should be removed before
implementing RST, otherwise they will reduce the reliability of the achieved results.

These first results suggest several future activities, such as the extension of the analysis over the whole time period of available MODIS-
Aqua data, on monthly or seasonal scales. This will help the understanding of annual and interannual SPMc variations over the BRCW as
well as a clearer view of the most critical areas. The RST implementation on MODIS-Terra data will guarantee two acquisitions in a very
short time period (i.e., within about 3 h) to timely detect quick SPMc variations. Furthermore, the same approach could be easily applied to
other satellite data such as VIIRS-SNPP and in the future also to OLCI-Sentinel 3. Finally, owing to the intrinsic RST properties, it could be

easily exported and implemented in other geographical areas, also analyzing other marine environments such as estuaries.

Acknowledgments

This work was carried out in the framework of the OP European Regional Development Fund (ERDF) Basilicata Region 2007-2013
IOSMOS (IOnian Sea water quality MOnitoring by Satellite data) project, the Italian Ministry of University and Research RITMARE (Ricerca
ITaliana per il MARE) Flagship project and the OP European Social Fund (ESF) Basilicata Region 2007-2013 MOMEDAS (MOnitoraggio
delle acque del mar MEDiterraneo mediante DAti Satellitari) project. We would like to acknowledge the Civil Protection of the Basilicata
Region for providing river water level data.

Author Contributions

Carmine Di Polito, Teodosio Lacava and Valerio Tramutoli wrote the majority of the paper. Carmine Di Polito, Teodosio Lacava and Irina
Coviello implemented RST for SPM monitoring on MODIS data. David Doxaran contributed to the implementation of atmospheric
corrections, SPM daily maps retrieval and drafting of the manuscript. Emanuele Ciancia and Valeria Satriano contributed to the data
analysis. Valerio Tramutoli and Nicola Pergola designed the algorithm.



Conflicts of Interest

The authors declare no conflict of interest.

References

1. Miller, R.; McKee, B.A. Using MODIS Terra 250 m imagery to map concentrations of total suspended matter in coastal waters. Remote
Sens. Environ. 2004, 93, 259-266. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Using MODIS Terra 250 m imagery
to map concentrations of total suspended matter in coastal
waters&author=Miller,+R.&author=McKee,+B.A.&publication_year=2004&journal=Remote+Sens.+Environ.&volume=93&pages=259-
266&d0i=10.1016/j.rse.2004.07.012)] [CrossRef (http://dx.doi.org/10.1016/j.rse.2004.07.012)]

2. Volpe, V,; Silvestri, S.; Marani, M. Remote sensing retrieval of suspended sediment concentration in shallow waters. Remote Sens.
Environ. 2011, 115, 44-54. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Remote sensing retrieval of suspended
sediment concentration in shallow
waters&author=Volpe,+V.&author=Silvestri,+S.&author=Marani,+M.&publication_year=2011&journal=Remote+Sens.+Environ.&volu
me=115&pages=44-54&doi=10.1016/j.rse.2010.07.013)] [CrossRef (http://dx.doi.org/10.1016/j.rse.2010.07.013)]

3. European Commission. Directive 60 23 October 2000: Establishing a framework for community action in the field of water policy. Off.
J. Eur. Communities 2000, 43, 1-71. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Directive 60 23 October 2000:
Establishing a framework for community action in the field of water
policy&author=European+Commission&publication_year=2000&journal=0Off.+].+Eur.+Communities&volume=43&pages=1-71)]

4. Borja, A.; Galparsoro, I.; Solaun, O.; Muxika, I.; Tello, E.; Uriarte, A.; Valencia, V. The European Water Framework Directive and the
DPSIR, a methodological approach to assess the risk of failing to achieve good ecological status. Estuar. Coast. Shelf S. 2005, 66, 84-96.
[Google Scholar (http://scholar.google.com/scholar_lookup?title=The European Water Framework Directive and the DPSIR, a
methodological approach to assess the risk of failing to achieve good ecological
status&author=Borja,+A.&author=Galparsoro,+I.&author=Solaun,+O.&author=Muxika,+I.&author=Tello,+E.&author=Uriarte,+A.&aut
hor=Valencia,+V.&publication_year=2005&journal=Estuar.+Coast.+Shelf+S.&volume=66&pages=84-
96&d0i=10.1016/j.ecss.2005.07.021)] [CrossRef (http://dx.doi.org/10.1016/j.ecss.2005.07.021)]

5. Wolanski, E.; Spagnol, S. Pollution by mud of Great Barrier Reef coastal waters. ]. Coastal Res. 2000, 16, 1151-1156. [Google Scholar
(http://scholar.google.com/scholar_lookup?title=Pollution by mud of Great Barrier Reef coastal
waters&author=Wolanski,+E.&author=Spagnol,+S.&publication_year=2000&journal=J].+Coastal+Res.&volume=16&pages=1151-1156)]

6. Brown, B.E. Disturbances to reefs in recent times. In Life and Death of Coral Reefs; ITP: Stamford, CT, USA, 1997; pp. 354-379. [Google
Scholar (http://scholar.google.com/scholar_lookup?title=Disturbances to reefs in recent
times&author=Brown,+B.E.&publication_year=1997&pages=354-379)]



7. Orpin, A.R.; Ridd, P.V.; Thomas, S.; Anthony, K.R.; Marshall, P.; Oliver, J. Natural turbidity variability and weather forecasts in risk

8.

9.

management of anthropogenic sediment discharge near sensitive environments. Mar. Poll. Bull. 2004, 49, 602-612. [Google Scholar
(http://scholar.google.com/scholar_lookup?title=Natural turbidity variability and weather forecasts in risk management of
anthropogenic sediment discharge near sensitive
environments&author=Orpin,+A.R.&author=Ridd,+P.V.&author=Thomas,+S.&author=Anthony,+K.R.&author=Marshall,+P.&author=
Oliver,+].&publication_year=2004&journal=Mar.+Poll.+Bull.&volume=49&pages=602-612&d 0i=10.1016/j.marpolbul.2004.03.020)]
[CrossRef (http://dx.doi.org/10.1016/j.marpolbul.2004.03.020)]

Ruhl, C.A.; Schoellhamer, D.H.; Stumpf, R.P.; Lindsay, C.L. Combined use of remote sensing and continuous monitoring to analyse
the variability of suspended-sediment concentrations in San Francisco Bay, California. Estuar. Coast. Shelf Sci. 2001, 53, 801-812.

[Google Scholar (http://scholar.google.com/scholar_lookup?title=Combined use of remote sensing and continuous monitoring to

analyse the variability of suspended-sediment concentrations in San Francisco Bay,
California&author=Ruhl,+C.A.&author=Schoellhamer,+D.H.&author=Stumpf,+R.P.&author=Lindsay,+C.L.&publication_year=2001&j
ournal=Estuar.+Coast.+Shelf+Sci.&volume=53&pages=801-812&d 0i=10.1006/ecss.2000.0730)] [CrossRef

(http://dx.doi.org/10.1006/ecss.2000.0730)]

Maltese, A.; Capodici, F.; Ciraolo, G.; La Loggia, G. Coastal zone water quality: Calibration of a water-turbidity equation for MODIS
data. Eur. ]. Remote Sens. 2013, 46, 333-347. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Coastal zone water
quality: Calibration of a water-turbidity equation for MODIS
data&author=Maltese,+A.&author=Capodici,+F.&author=Ciraolo,+G.&author=La+Loggia,+G.&publication_year=2013&journal=Eur.+].
+Remote+Sens.&volume=46&pages=333-347&doi=10.5721/EuJRS20134619)] [CrossRef (http://dx.doi.org/10.5721/EuJRS20134619)]

10. Nechad, B.; Ruddick, K.G.; Park, Y. Calibration and validation of a generic multisensor algorithm for mapping of total suspended

matter in turbid waters. Remote Sens. Environ. 2010, 114, 854-866. [Google Scholar (http://scholar.google.com/scholar_lookup?
title=Calibration and validation of a generic multisensor algorithm for mapping of total suspended matter in turbid
waters&author=Nechad,+B.&author=Ruddick,+K.G.&author=Park,+Y.&publication_year=2010&journal=Remote+Sens.+Environ.&volu
me=114&pages=854-866&d0i=10.1016/j.rse.2009.11.022)] [CrossRef (http://dx.doi.org/10.1016/j.rse.2009.11.022)]

11. Doxaran, D.; Froidefond, J.; Lavender, S.; Castaing, P. Spectral signature of highly turbid waters Application with SPOT data to

quantify suspended particulate matter concentrations. Remote Sens. Environ. 2002, 81, 149-161. [Google Scholar
(http://scholar.google.com/scholar_lookup?title=Spectral signature of highly turbid waters Application with SPOT data to quantify

suspended particulate matter
concentrations&author=Doxaran,+D.&author=Froidefond,+].&author=Lavender,+S.&author=Castaing,+P.&publication_year=2002&jo
urnal=Remote+Sens.+Environ.&volume=81&pages=149-161&doi=10.1016/50034-4257(01)00341-8)] [CrossRef

(http://dx.doi.org/10.1016/50034-4257(01)00341-8)]



12.

13.

14.

15.

16.

17.

Hu, C,; Chen, Z.; Clayton, T. Assessment of estuarine water-quality indicators using MODIS medium-resolution bands: Initial results
from Tampa Bay, FL, USA. Remote Sens. Environ. 2004, 93, 423-441. [Google Scholar (http://scholar.google.com/scholar_lookup?
title=Assessment of estuarine water-quality indicators using MODIS medium-resolution bands: Initial results from Tampa Bay, FL,
USA&author=Hu,+C.&author=Chen,+Z.&author=Clayton,+T.&publication_year=2004&journal=Remote+Sens.+Environ.&volume=93&
pages=423-441&doi=10.1016/j.rse.2004.08.007)] [CrossRef (http://dx.doi.org/10.1016/j.rse.2004.08.007)]

Min, J.; Ryu, J.; Lee, S. Monitoring of suspended sediment variation using Landsat and MODIS in the Saemangeum coastal area of
Korea. Mar. Pollut. Bull. 2012, 64, 382-390. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Monitoring of suspended
sediment variation using Landsat and MODIS in the Saemangeum coastal area of
Korea&author=Min,+].&author=Ryu,+].&author=Lee,+S.&publication_year=2012&journal=Mar.+Pollut.+Bull.&volume=64&pages=382
-390&d0i=10.1016/j.marpolbul.2011.10.025)] [CrossRef (http://dx.doi.org/10.1016/j.marpolbul.2011.10.025)]

Ody, A.; Doxaran, D.; Vanhellemont, Q.; Nechad, B.; Novoa, S.; Many, G.; Bourrin, F.; Verney, R.; Pairaud, I.; Gentili, B. Potential of
high spatial and temporal ocean color satellite data to study the dynamics of suspended particles in a micro-tidal river plume. Remote
Sens. 2016, 8, 245. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Potential of high spatial and temporal ocean color
satellite data to study the dynamics of suspended particles in a micro-tidal river
plumeé&author=0Ody,+A.&author=Doxaran,+D.&author=Vanhellemont,+Q.&author=Nechad,+B.&author=Novoa,+5.&author=Many,+G
.&author=Bourrin,+F.&author=Verney,+R.&author=Pairaud,+I.&author=Gentili,+B.&publication_year=2016&journal=Remote+Sens.&v
olume=8&pages=245&do0i=10.3390/rs8030245)] [CrossRef (http://dx.doi.org/10.3390/rs8030245)]

Dorji, P.; Fearns, P.; Broomhall, M. A semi-analytic model for estimating total suspended sediment concentration in turbid coastal
waters of northern Western Australia using MODIS-Aqua 250 m data. Remote Sens. 2016, 8, 556. [Google Scholar
(http://scholar.google.com/scholar_lookup?title=A semi-analytic model for estimating total suspended sediment concentration in
turbid coastal waters of northern Western Australia using MODIS-Aqua 250 m
data&author=Dorji,+P.&author=Fearns,+P.&author=Broomhall,+M.&publication_year=2016&journal=Remote+Sens.&volume=8&page
s=556&d0i=10.3390/rs8070556)] [CrossRef (http://dx.doi.org/10.3390/rs8070556)]

Doxaran, D.; Froidefond, J.; Castaing, P.; Babin, M. Dynamics of the turbidity maximum zone in a macrotidal estuary (the Gironde,
France): Observations from field and MODIS satellite data. Estuar. Coast. Shelf Sci. 2009, 81, 321-332. [Google Scholar

(http://scholar.google.com/scholar_lookup?title=Dynamics of the turbidity maximum zone in a macrotidal estuary (the Gironde,

France): Observations from field and MODIS satellite
data&author=Doxaran,+D.&author=Froidefond,+].&author=Castaing,+P.&author=Babin,+M.&publication_year=2009&journal=Estuar.
+Coast.+Shelf+Sci.&volume=81&pages=321-332&do0i=10.1016/j.ecss.2008.11.013)] [CrossRef

(http://dx.doi.org/10.1016/j.ecss.2008.11.013)]

Chen, S.; Huang, W.; Chen, W.; Wang, H. Remote sensing analysis of rainstorm effects on sediment concentrations in Apalachicola

Bay, USA. Ecol. Inform. 2011, 6, 147-155. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Remote sensing analysis of



rainstorm effects on sediment concentrations in Apalachicola Bay,
USA&author=Chen,+S.&author=Huang,+W.&author=Chen,+W.&author=Wang,+H.&publication_year=2011&journal=Ecol.+Inform.&v
olume=6&pages=147-155&d0i=10.1016/j.ecoinf.2010.12.001)] [CrossRef (http://dx.doi.org/10.1016/j.ecoinf.2010.12.001)]

18. Wang, J.J.; Lu, X. Estimation of suspended sediment concentrations using Terra MODIS: An example from the Lower Yangtze River,
China. Sci. Total Environ. 2010, 408, 1131-1138. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Estimation of
suspended  sediment concentrations using Terra MODIS: An example from the Lower Yangtze River,
China&author=Wang,+].] .&author=Lu,+X.&publication_year=2010&journal=Sci.+Total+Environ.&volume=408&pages=1131-
1138&d0i=10.1016/].scitotenv.2009.11.057)] [CrossRef (http://dx.doi.org/10.1016/j.scitotenv.2009.11.057)]

19. Kaba, E.; Philpot, W.; Steenhuis, T. Evaluating suitability of MODIS-Terra images for reproducing historic sediment concentrations in
water bodies: Lake Tana, FEthiopia. Int. ]. Appl. Earth Obs. Geoinf. 2014, 26, 286-297. [Google Scholar
(http://scholar.google.com/scholar_lookup?title=Evaluating suitability of MODIS-Terra images for reproducing historic sediment
concentrations in water bodies: Lake Tana,
Ethiopia&author=Kaba,+E.&author=Philpot,+W.&author=Steenhuis,+T.&publication_year=2014&journal=Int.+].+Appl.+Earth+Obs.+G
eoinf.&volume=26&pages=286-297&d0i=10.1016/j.jag.2013.08.001)] [CrossRef (http://dx.doi.org/10.1016/j.jag.2013.08.001)]

20. Siswanto, E.; Tang, J.; Yamaguchi, H.; Yuhwan, A.; Ishizaka, J.; Yoo, S.; Sangwoo, K.; Kiyomoto, Y.; Yamada, K., Chiang, C,;
Kawamura, H. Empirical ocean-color algorithms to retrieve chlorophyll-a, total suspended matter, and colored dissolved organic
matter absorption coefficient in the Yellow and East China Seas. ]. Ocean ogr. 2011, 67, 627-650. [Google Scholar
(http://scholar.google.com/scholar_lookup?title=Empirical ocean-color algorithms to retrieve chlorophyll-a, total suspended matter,
and colored dissolved organic matter absorption coefficient in  the Yellow and East China
Seas&author=Siswanto,+E.&author=Tang,+].&author=Yamaguchi,+H.&author=Yuhwan,+A.&author=Ishizaka,+].&author=Yoo,+S.&aut
hor=Sangwoo,+K.&author=Kiyomoto,+Y.&author=Yamada,+K.&author=Chiang,+C.&publication_year=2011&journal=].+Ocean+ogr.&
volume=67&pages=627-650&doi=10.1007/s10872-011-0062-z)] [CrossRef (http://dx.doi.org/10.1007/s10872-011-0062-z)]

21. Han, B.; Loisel, H.; Vantrepotte, V.; Mériaux, X.; Bryere, P.; Ouillon, S.; Dessailly, D.; Xing, Q.; Zhu, ]J. Development of a semi-
analytical algorithm for the retrieval of suspended particulate matter from remote sensing over clear to very turbid waters. Remote
Sens. 2016, 8, 211. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Development of a semi-analytical algorithm for
the  retrieval of suspended  particulate  matter from  remote sensing over «clear to very  turbid
waters&author=Han,+B.&author=Loisel,+H.&author=Vantrepotte,+V.&author=Mériaux,+X.&author=Bryere,+P.&author=Ouillon,+5.&a
uthor=Dessailly,+D.&author=Xing,+Q.&author=Zhu,+].&publication_year=2016&journal=Remote+Sens.&volume=8&pages=211&doi=1
0.3390/rs8030211)] [CrossRef (http://dx.doi.org/10.3390/rs8030211)]

22. Stumpf, R.P.; Arnone, R.A.; Gould, R.W.; Martinolich, P.M.; Ransibrahmanakhul, V. A partially coupled ocean-atmosphere model for
retrieval of water-leaving radiance from SeaWiFS in coastal waters. In SeaWiFS Postlaunch Technical Report Series; Hooker, S.B.,
Firestone, E.R., Eds.; NASA Goddard Space Flight Center: Greenbelt, MD, USA, 2003; Volume 22, pp. 51-59. [Google Scholar



23.

24.

25.

26.

27.

28.

29.

(http://scholar.google.com/scholar_lookup?title=A partially coupled ocean-atmosphere model for retrieval of water-leaving radiance
from SeaWiFS in coastal
waters&author=Stumpf,+R.P.&author=Arnone,+R.A.&author=Gould,+R.W.&author=Martinolich,+P.M.&author=Ransibrahmanakhul,
+V.&publication_year=2003&pages=51-59)]

Ruddick, K.; Ovidio, F.; Rijkeboer, M. Atmospheric correction of SeaWiFS imagery for turbid coastal and inland waters. Appl. Opt.
2000, 39, 897-912. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Atmospheric correction of SeaWiFS imagery for
turbid coastal and inland
waters&author=Ruddick,+K.&author=Ovidio,+F.&author=Rijkeboer,+M.&publication_year=2000&journal=Appl.+Opt.&volume=39&p
ages=897-912&do0i=10.1364/A0.39.000897)] [CrossRef (http://dx.doi.org/10.1364/A0.39.000897)]

Wang, M.; Shi, W. The NIR-SWIR combined atmospheric correction approach for MODIS ocean color data processing. Opt. Express
2007, 15, 15722-15733. [Google Scholar (http://scholar.google.com/scholar_lookup?title=The NIR-SWIR combined atmospheric
correction approach for MODIS ocean color data
processing&author=Wang,+M.&author=5Shi,+W.&publication_year=2007&journal=Opt.+Express&volume=15&pages=15722—
15733&d0i=10.1364/OE.15.015722)] [CrossRef (http://dx.doi.org/10.1364/OE.15.015722)]

Tramutoli, V. Robust AVHRR Techniques (RAT) for environmental monitoring: Theory and applications. In Earth Surface Remote
Sensing 1I; Cecchi, G., Zilioli, E., Eds.; International Society for Optics and Photonics: Barcelona, Spain, 1998; Volume 3496, pp. 101-
113. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Robust AVHRR Techniques (RAT) for environmental
monitoring: Theory and applications&author=Tramutoli,+V.&publication_year=1998&pages=101-113)]

Tramutoli, V. Robust Satellite Techniques (RST) for natural and environmental hazards monitoring and mitigation: Ten years of
successful applications. In Proceedings of the 9th International Symposium on Physical Measurements and Signatures in Remote
Sensing, IGSNRR, Beijing, China, 17-19 October 2005; pp. 792-795.

Tramutoli, V. Robust Satellite Techniques (RST) for Natural and Environmental Hazards Monitoring and Mitigation: Theory and
Applications. In Proceedings of the Fourth International Workshop on the Analysis of Multitemporal Remote Sensing Images,
Louven, Belgium, 18-20 July 2007.

Autorita di Bacino Della Basilicata. Disponibilita: Le Acque Superficiali. Available online: http://www.adb.basilicata.it/adb/pstralcio/bi
lancioidrico/cap4.pdf (http://www.adb.basilicata.it/adb/pstralcio/bilancioidrico/cap4.pdf) (accessed on 2 August 2016).

Claps, P.; Fiorentino, M. Rapporto di sintesi sulla valutazione delle piene in Italia—Guida Operativa all’applicazione dei rapporti regionali sulla
valutazione delle piene in Italia, Linea 1 Previsione e Prevenzione degli eventi idrologici estremi; CNR-GNDCI: Roma, Italy, 1999. [Google
Scholar (http://scholar.google.com/scholar_lookup?title=Rapporto+di+sintesi+sullatvalutazione+delle+piene+in+Italia—
Guida+Operativatall’applicazione+deitrapporti+regionali+sullatvalutazione+delle+piene+in+Italia,+Linea+1+Previsione+e+Prevenzio

ne+degli+eventitidrologicitestremi&author=Claps,+P.&author=Fiorentino,+M.&publication_year=1999)]



30.

31.

32.

33.

34.

35.

36.

Autorita di Bacino della Basilicata. Available online: http://www.autoritadibacino.basilicata.it/adb/pStralcio/pericol_alluv.asp (http://

www.autoritadibacino.basilicata.it/adb/pStralcio/pericol_alluv.asp) (accessed on 2 August 2016).

Matarrese, R.; Chiaradia, M.T.; Tijani, K.; Morea, A.; Carlucci, R. Chlorophyll a multi-temporal analysis in coastal waters with MODIS
data. Ital. ]. Remote Sens. 2011, 43, 39-48. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Chlorophyll a multi-
temporal analysis in coastal waters with MODIS
data&author=Matarrese,+R.&author=Chiaradia,+M.T.&author=Tijani,+K.&author=Morea,+A.&author=Carlucci,+R.&publication_year
=2011&journal=Ital.+].+Remote+Sens.&volume=43&pages=39-48)]

Buccolieri, A.; Buccolieri, G.; Cardellicchio, N.; Dell’Atti, A.; Di Leo, A.; Maci, A. Heavy metals in marine sediments of Taranto Gulf
(Ionian Sea, Southern Italy). Mar. Chem. 2006, 99, 227-235. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Heavy
metals in marine sediments of Taranto Gulf (Ionian Sea, Southern
Italy)&author=Buccolieri,+A.&author=Buccolieri,+G.&author=Cardellicchio,+N.&author=Dell’ Atti,+ A.&author=Dit+Leo,+A.&author=M
aci,+A.&publication_year=2006&journal=Mar.+Chem.&volume=99&pages=227-235&d0i=10.1016/j.marchem.2005.09.009)]  [CrossRef
(http://dx.doi.org/10.1016/j.marchem.2005.09.009)]

D’Addabbo, A.; Refice, A.; Pasquariello, G.; Lovergine, F.P.; Capolongo, D.; Manfreda, S. A bayesian network for flood detection
combining SAR imagery and ancillary data. IEEE Trans. Geosci. Remote Sens. 2016, 54, 3612-3625. [Google Scholar
(http://scholar.google.com/scholar_lookup?title=A bayesian network for flood detection combining SAR imagery and ancillary
data&author=D’Addabbo,+A.&author=Refice,+A.&author=Pasquariello,+G.&author=Lovergine,+F.P.&author=Capolongo,+D.&author
=Manfreda,+S.&publication_year=2016&journal=IEEE+Trans.+Geosci.+Remote+Sens.&volume=54&pages=3612-3625)]

Piccarreta, M.; Pasini, A.; Capolongo, D.; Lazzari, M. Changes in daily precipitation extremes in the Mediterranean from 1951 to 2010:
The Basilicata region, Southern Italy. Int. . Climatol. 2013, 33, 3229-3248. [Google Scholar (http://scholar.google.com/scholar_lookup?
title=Changes in daily precipitation extremes in the Mediterranean from 1951 to 2010: The Basilicata region, Southern
Italy&author=Piccarreta,+M.&author=Pasini,+A.&author=Capolongo,+D.&author=Lazzari,+M.&publication_year=2013&journal=Int.+]
4Climatol.&volume=33&pages=3229-3248&d0i=10.1002/joc.3670)] [CrossRef (http://dx.doi.org/10.1002/joc.3670)]

Istituto superiore per la protezione e la ricerca ambientale (ISPRA). La Rete Mareografica Nazionale. Available online: http://www.ma

reografico.it/ (http://www.mareografico.it/) (accessed on 3 November 2016).

Booth, J.G.; Miller, R.L.;; McKee, B.A.; Leathers, R.A. Wind-induced bottom sediment resuspension in a microtidal coastal
environment. Cont. Shelf Res. 2000, 20, 785-806. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Wind-induced
bottom sediment resuspension in a microtidal coastal
environment&author=Booth,+].G.&author=Miller,+R.L.&author=McKee,+B.A.&author=Leathers,+R.A.&publication_year=2000&journ
al=Cont.+Shelf+Res.&volume=20&pages=785-806&d0i=10.1016/50278-4343(00)00002-9)] [CrossRef (http://dx.doi.org/10.1016/S0278-
4343(00)00002-9)]



37.

38.

39.

40.

41.

42.

43.

Bailey, SSW.; Franz, B.A.; Werdell, P.J. Estimations of near-infrared water-leaving reflectance for satellite oceancolor data processing.
Opt. Express 2010, 18, 7521-7527. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Estimations of near-infrared water-
leaving reflectance for satellite oceancolor data
processing&author=Bailey,+S.W.&author=Franz,+B.A.&author=Werdell,+P.].&publication_year=2010&journal=Opt.+Express&volume
=18&pages=7521-7527&d 0i=10.1364/OE.18.007521)] [CrossRef (http://dx.doi.org/10.1364/OE.18.007521)]

NASA’s Ocean Color Web. Available online: http://oceancolor.gsfc.nasa.gov/cms/ (http://oceancolor.gsfc.nasa.gov/cms/) (accessed on
3 November 2016).

Knaeps, E.; Raymaekers, D.; Sterckx, S.; Ruddick, K.; Dogliotti, A.I. In-situ evidence of non-zero reflectance in the OLCI 1020 nm band
for a turbid estuary. Remote Sens. Environ. 2012, 120, 133-144. [Google Scholar (http://scholar.google.com/scholar_lookup?title=In-situ

evidence of non-zero reflectance in the OLCI 1020 nm band for a turbid
estuary&author=Knaeps,+E.&author=Raymaekers,+D.&author=5Sterckx,+S.&author=Ruddick,+K.&author=Dogliotti,+A.I.&publication
_year=2012&journal=Remote+Sens.+Environ.&volume=120&pages=133-144&doi=10.1016/j.rse.2011.07.025)] [CrossRef

(http://dx.doi.org/10.1016/j.rse.2011.07.025)]

Ruddick, K.G.; De Cauwer, V.; Park, Y.J.; Moore, G. Seaborne measurements of near infrared water-leaving reflectance: The similarity
spectrum for turbid waters. Limnol. Ocean 2006, 51, 1167-1179. [Google Scholar (http://scholar.google.com/scholar_lookup?
title=Seaborne = measurements of near infrared water-leaving reflectance: The similarity spectrum for turbid
waters&author=Ruddick,+K.G.&author=De+Cauwer,+V.&author=Park,+Y.].&author=Moore,+G.&publication_year=2006&journal=Lim
nol.+Ocean&volume=51&pages=1167-1179&d0i=10.4319/10.2006.51.2.1167)] [CrossRef (http://dx.doi.org/10.4319/10.2006.51.2.1167)]

Doron, M.; Bélanger, S.; Doxaran, D.; Babin, M. Spectral variations in the near-infrared ocean reflectance. Remote. Sens. Environ. 2011,
115, 1617-1631. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Spectral variations in the near-infrared ocean
reflectance&author=Doron,+M.&author=Bélanger,+S.&author=Doxaran,+D.&author=Babin,+M.&publication_year=2011&journal=Rem
ote.+Sens.+Environ.&volume=115&pages=1617-1631&d0i=10.1016/j.rse.2011.01.015)] [CrossRef
(http://dx.doi.org/10.1016/j.rse.2011.01.015)]

Doxaran, D.; Froidefond, J].M.; Castaing, P. Remote-sensing reflectance of turbid sediment-dominated waters. Reduction of sediment
type variations and changing illumination conditions effects by use of reflectance ratios. Appl. Opt. 2003, 42, 2623-2634. [Google
Scholar (http://scholar.google.com/scholar_lookup?title=Remote-sensing reflectance of turbid sediment-dominated waters. Reduction
of sediment type  variations and changing illumination conditions effects by use of reflectance
ratios&author=Doxaran,+D.&author=Froidefond,+].M.&author=Castaing,+P.&publication_year=2003&journal=Appl.+Opt.&volume=4
2&pages=2623-2634&do0i=10.1364/A0.42.002623)] [CrossRef (http://dx.doi.org/10.1364/A0.42.002623)]

Ciancia, E.; Lourerio, C.M.; Mendonga, A.; Coviello, I.; Di Polito, C.; Lacava, T.; Pergola, N.; Satriano, V.; Tramutoli, V.; Martins, A. On
the potential of a RST-based analysis of the MODIS-derived Chl-a product over Condor seamount and surrounding areas (Azores,
NE Atlantic). Ocean Dyn. 2016. [Google Scholar (http://scholar.google.com/scholar_lookup?title=On the potential of a RST-based



analysis of the MODIS-derived Chl-a product over Condor seamount and surrounding areas (Azores, NE
Atlantic)&author=Ciancia,+E.&author=Lourerio,+C.M.&author=Mendonc¢a,+A.&author=Coviello,+I.&author=Di+Polito,+C.&author=L
acava,+T.&author=Pergola,+N.&author=Satriano,+V.&author=Tramutoli,+V.&author=Martins,+A.&publication_year=2016&journal=Oc
ean+Dyn.&doi=10.1007/s10236-016-0972-9)] [CrossRef (http://dx.doi.org/10.1007/s10236-016-0972-9)]

44. Koeppen, W.C,; Pilger, E.; Wright, R. Time series analysis of infrared satellite data for detecting thermal anomalies: A hybrid
approach. Bull. Volcanol. 2011, 73, 577-593. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Time series analysis of
infrared satellite data for detecting thermal anomalies: A hybrid
approaché&author=Koeppen,+W.C.&author=Pilger,+E.&author=Wright,+R.&publication_year=2011&journal=Bull.+Volcanol.&volume
=73&pages=577-593&d0i=10.1007/s00445-010-0427-y)] [CrossRef (http://dx.doi.org/10.1007/s00445-010-0427-y)]

45. Wang, M.; Shi, W. Cloud masking for ocean color data processing in the coastal regions. IEEE Trans. Geosci. Remote Sens. 2006, 44,
3196-3105. [Google Scholar (http://scholar.google.com/scholar_lookup?title=Cloud masking for ocean color data processing in the
coastal
regions&author=Wang,+M.&author=Shi,+W.&publication_year=2006&journal=IEEE+Trans.+Geosci.+Remote+Sens.&volume=44&page
s=3196-3105&d 0i=10.1109/TGRS.2006.876293)] [CrossRef (http://dx.doi.org/10.1109/TGRS.2006.876293)]

46. Lazzari, M.; Gioia, D.; Piccarreta, M.; Danese, M.; Lanorte, A. Sediment yield and erosion rate estimation in the mountain catchments
of the Camastra artificial reservoir (Southern Italy): A comparison between different empirical methods. Catena 2015, 127, 323-339.
[Google Scholar (http://scholar.google.com/scholar_lookup?title=Sediment yield and erosion rate estimation in the mountain
catchments of the Camastra artificial reservoir (Southern Italy): A comparison between different empirical
methodsé&author=Lazzari,+M.&author=Gioia,+D.&author=Piccarreta,+M.&author=Danese,+M.&author=Lanorte,+A.&publication_yea
r=2015&journal=Catena&volume=127&pages=323-339&doi=10.1016/j.catena.2014.11.021)] [CrossRef
(http://dx.doi.org/10.1016/j.catena.2014.11.021)]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/
(http://creativecommons.org/licenses/by/4.0/)).

Remote Sens. (/journal/remotesensing)  EISSN 2072-4292  Published by MDPI AG, Basel, Switzerland  RSS (/rss/journal/remotesensing)
E-Mail Table of Contents Alert (/journal/remotesensing/toc-alert)




Further Information

Article Processing Charges (/about/apc)
Pay an Invoice (https://payment.mdpi.com)
Open Access Policy (/about/openaccess)
Terms and Conditions (/about/termsofuse)
Privacy Policy (/about/privacy)
€ontact MDPI (/about/contact)

Jobs at MDPI (/about/jobs)

Guidelines

For Authors (/authors)

For Reviewers (/reviewers)

For Editors (/editors)

For Librarians (/librarians)

For Publishers (/publishing_service)

MDPI Initiatives

Institutional Membership (/about/memberships)
Sciforum (http://sciforum.net)

Preprints (http://preprints.org)

Scilit (http://www.scilit.net)

MDPI Books (http://books.mdpi.com)

MDPI Blog (http://blog.mdpi.com/)

Follow MDPI

Linkedin (https://www.linkedin.com/company/mdpi)

Facebook (https://www.facebook.com/MDPIOpenAccessPublishing)
Twitter (https://twitter.com/MDPIOpenAccess)

Google+ (https://plus.google.com/+MdpiOA/posts)




Subscribe to receive issue release notifications and newsletters from MDPI journals

Select Journal/Journals:

Select options

Your email address here...

Subscribe

© 1996-2016 MDPI AG (Basel, Switzerland) unless otherwise stated



