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Abstract—Water has historically been considered a renewable
resource, however in the last century a sustained degradation of
its quality has been observed, both in continental and oceanic
systems due to anthropic impact. In this context, the management
of water resources by satellite technology represents a central
point in public policies since they allow anticipating and adapting
to these disturbances. In this work, Sentinel 2-MSI multispectral
and PRISMA hyperspectral sensors are used to carry out an anal-
ysis of different optical water types in North-East of Argentina.
Convolutional procedure was used to compare sensors responses
for atmospheric corrected products and RMSE (root mean square
error), BIAS and MAE (mean absolute error) metrics were
used to assess their performance. Differences below 1 percent
were obtained in all cases, indicating an excellent match-up
between both sensors. From hyperspectral PRISMA data it was
possible to detect quantitative shift towards reddish wavelengths
as turbidity of Parana River increases along a transect as well
as an increase of the peak value in magnitude. This work opens
new opportunities to monitor water quality changes related to
optical constituents with deeper details in space and time in
highly urbanized and perturbed regions.

Keywords—PRISMA, Sentinel 2, hyperspectral, turbid waters,
atmospheric correction, cromaticity, spectral signature

I. INTRODUCTION

The study and monitoring of surface waters is essential
for its conservation as a natural resource. The 2030 Agenda
for Sustainable Development, by the United Nations [1],
establishes to guarantee universal and equitable access to
clean water, reduce the contamination of this resource and
improve management and sanitation. A useful indicator is the
proportion of healthy water bodies, that can be estimated by
remote sensing techniques.

Satellite remote sensing offers data from large areas, at
regular times, systematically generating different processing
level products. The parameters that are possible to estimate
using this technology are concentration of total suspended
solids, Secchi disk depth and chlorophyll-a concentration,
among others [2]. Given the multidisciplinary characteristics
of remote sensing, it is possible to couple it with machine
learning techniques, showing positive results [3]. The combin-
ing of multiple existing satellite platforms can help to fill the
information gap and improve the results accuracy [4]. Remote
sensing is essential for understanding water bodies [5] and
protect them.

By choosing the right sensor, it is possible to work with
smaller water bodies, according to the spatial resolution.
The constant data collection from Earth’s surface allows the
development of time series, which account for the evolution of
a particular property over time. The use of different sensors,
such as optical and radar, like Landsat-5, 7 and 8, and Sentinel-
1 and 2 missions, have been useful for the spatio-temporal
analysis of lakes properties [6]. The level of eutrophication in
lagoons and its relationship with water quality has been studied
through this approach [7] and its also allows to perform time
series analysis in order to understand space-time changes [8],
[9], offering more information to support decision making. The
combination of space sensors allows the coupling of the data,
extending the analysis period [10].

As it was mentioned before, biophysical parameters can be
estimated from satellite information such as the concentration
of chlorophyll-a for coastal waters [11] and continental water
bodies [12]. In general, for lakes, lagoons, rivers and coastal
areas constituted by type 1 waters [13], chlorophyll-a can be
retrieved by remote sensing techniques easily than for type
2 waters [14]. The importance of knowing the concentration978-1-6654-8014-7/22/$31.00 ©2022 IEEE



of chlorophyll-a is that it allows to estimate the presence of
algae and the eutrophication phenomenon. In this sense, water
quality is usually monitored through these kind of biophysical
parameters [15]. Turbidity is also used to follow water quality
in wide rivers with high sediment contents, like Rio de la
Plata in Argentina [16]. From turbidity measurements it is also
possible to follow large-scale phenomena, such as droughts
[17] and El Niño [18]. During the last years, hyperspectral
sensors have also been used to estimate these variables [19].

Secchi disk deph is an important variable to estimate water
transparency [20] and can be used to infer algal bloom
occurrence in productive water bodies with very low sediments
presence [21]. It can also be used to follow vertical mixing
phenomena in shallow waters [14].

Landsat series, developed by NASA, and Sentinel-2 satellite
constellation, by ESA within the framework of the Coper-
nicus program, have proved its usefulness for estimating
chlorophyll-a [9], [22], [23], Secchi disk depth [24], suspended
solids [25] and water extent [26], [27]. Particularly, Sentinel-2
satellites have some of their bands in VIS-NIR region with
10 m of spatial resolution, 5 days of temporal resolution, free
access to their image repository and high precision results [28]
making them one of the most chosen data sets.

PRISMA (PRecursore IperSpettrale della Missione Applica-
tiva, HyperSpectral Precursor of the Application Mission) is
a pre-operative hyperspectral mission, by the Italian Space
Agency (ASI) [29]. It was launched in March 2019 and
their main objectives are qualify the technology, develop
applications and provide products to scientific and institutional
users. The main benefits are expected in the fields of forest
analysis, precision agriculture, climate change, environmental
research and water quality [30].

PRISMA offers atmospherically corrected surface re-
flectance products. When compared with Sentinel-2 products,
the water quality estimated by PRISMA corresponds well
with the expected results [31], [32]. In addition, other water
characteristics such as phycocyanin concentration, can be
obtained by PRISMA [33] images.

Freshwater ecosystems, such as lagoons, lakes, streams,
rivers, wetlands, swamps, bogs, etc. are among the most
threatened natural systems on the planet [34], mainly due
changes in land use and climate variability. These shallow
waters have represented a challenge for remote sensing due
to their small size and high spatial complexity. The way to
study them usually consists of deriving biophysical parameters
from spectral data, requiring field measurements for validation.
These are usually at specific sites, which cannot correctly
represent properly the spatial variability of these dynamic
systems; likewise, the logistics, costs and time associated with
field work are limiting.

This is the case of Gran Resistencia Metropolitan Area
(GRMA), Chaco province, North-East of Argentina, which is
crossed by Negro river. Extensive rains, periods of drought and
floods modify its route. The irregular river course across the
plain generates meander lagoons [35], close to the population.
Estimating the characteristics of these lentic water bodies is

important to assess human activity impact in its water quality.
In addition, this area is next to Paraná river, which is the
second longest river in South America, with 4800 km. It
begins at the confluence of the Rio Grande and Paranaı́ba
rivers, in Brazil, and flows until Rı́o de la Plata, Argentina,
running eastern of the region of interest for this study. It is
the main source of water for the GRMA, relevant for the
fishing industry, tourism, as a cargo transport route for ships
and recreational activities for nearby communities.

The research done in these area by remote sensing tech-
niques is scarce or null. Some studies focus in land cover
change [36] and the deforestation progress [37], but those
focused on water bodies and rivers are not abundant. There
are general studies at national level with remote sensing
applications [9], [38], [39], but not specifically for GRMA.
Research on the Paraná river usually covers the North basin,
within the limits of Brazil; or the South basin, near Santa
Fe city, Argentina, but without a water quality approach [40],
[41].

The objective of this study is to characterize spectral re-
sponses of different surface water bodies by using hyper-
spectral satellite images acquired over small water bodies in
GRMA and a transect in Parana river. Top of atmosphere
and surface reflectance PRISMA spectral signatures were
compared to Sentinel-2 equivalents. A convolution match-up
was evaluated to properly compare both sensors.

II. MATERIALS AND METHODS

A. Study Area

Fig. 1 shows the study region, GRMA, in the North-East of
Argentina, in Chaco province, marked as a yellow star on the
overview map.

Fig. 1: Region of interest, mayor water bodies and rivers.

One of the main rivers in GRMA is Negro river, with a
West-East direction. In the East, the Paraná’s shore, and one of
its branch, the Barranqueras river. The water bodies and rivers
shown are constantly changing their size and distribution, due
changes in Negro river flow, floods, drought, etc.



B. Satellite products
The PRISMA hyperspectral image was acquired on June

11, 2021. It has a spatial resolution of 30 m (panchromatic
band at 5 m) and its VIS-NIR chanel has 63 spectral bands,
402-973 nm range. The swath is 30x30 km. Level 1 product is
top of atmosphere reflectance (Rt), radiometrically corrected
and calibrated, in radiance units (W/m2-sr-µm).

The level 2D product is atmospherically corrected and
geolocated, as surface reflectance (Rs, dimentionless). Users
can access the catalog and acquire new images from the
PRISMA website.

The atmospheric correction in PRISMA L2D considers two
main parameters: aerosol optical thickness and water column,
to correct the presence of atmospheric components, such as
molecules and aerosol scattering and gas absorption. Radiative
transfer equations are solved to minimize a cost funtion,
between the radiance at top of atmosphere obtained by the
models, and the radiance measured by the PRISMA sensor
[42].

The Sentinel-2 multispectral image corresponds to June
10, 2021, acquired by the 2B platform, the day before the
PRISMA satellite. The spatial resolution of the product de-
pends on the spectral band, and can be 10/20/60 m. The swath
is 110x110 km, 13 spectral bands, from 442-2185 nm, with
different bandwidths. Processing level L1C corresponds to Rt
product. Sentinel-2 Rs product is level L2A, atmospherically
corrected.

The atmospheric correction of Sentinel-2 products is made
by Sen2Cor processor [43]. Aerosols presence is corrected
by the Dark Dense Vegetation algorithm [44]. Water vapor
column effect is reversed by the Atmospheric Pre-corrected
Differential Absorption algorithm [45].

This study is focused in the VNIR range, between 400-900
nm. Table I summarize the main characteristics of the used
products.

TABLE I: PRISMA and Sentinel-2 main features.

Platform Platform
feature PRISMA Sentinel-2

Date 2021-06-11 2021-06-10
# of spectral bands 240 13

Spatial resolution (m) 30 10/20/60
Swath (km) 30 110

Spectral range (nm) 400-2505 442-2185

C. Sample points
The sample points, Fig. 2, are divided in two groups. For

the study of different types of water, according to its spectral
signature, seven sample points were selected, representing
three different classes. To assess the change in the spectral
signature across Paraná’s river, points located in a transect
were extracted from the hyperespectral product.

Types of water: The spectral signature analysis was made
considering three types of water.

Type A water: Presents water bodies deep enough to appear
black in the real color composite of the satellite products. This

Fig. 2: Sample points in GRMA and transect in Paraná river.

is an indicator of low spectral response. Sites 1, 2 and 3 in
Fig. 2 are located in ponds surrounded by urban areas.

Type B water: A single point (site 4 in Fig. 2) located in
the center of a small (250 m) pond in La Ribera, North-West
of the GRMA . Being within a populated area, its study is
of interest to monitor its characteristics and how they change
over time.

Type C water: Three representative lotic water sample sites
were located, distributed on the West shore of Paraná river and
one of its branches (sites 5, 6 and 7, Fig. 2), the Barranqueras
river. Site 5 is of special interest, since it is the place from
which the water treatment company of GRMA is supplied.

Due to the knowledge of the study area, the general char-
acteristics of the types of water are: type A has high con-
centrations of chlorophyll-a (91.56 µg/L chlorophyll-a, 49.8
cm Secchi disk depth), due to a characteristic greenish color
in the water body; type B has low sediment concentration,
and usually does not present eutrophication problems, being
considered clear water when compared to the other types;
type C with high concentrations of suspended solids (29.00
mg/L total suspended matter, 69.25 NTU turbidity, < 1 µg/L
chlorophyll-a), given the characteristics of the Paraná on the
West coast. The parameter values were measured by GISTAQ
(Research Group on Environmental and Chemical Issues),
from UTN (National Technological University) in Resistencia.



Transect in Paraná River: A transect was drawn perpen-
dicular to the direction flow of the Paraná river, with ten
equidistant sample points, distanced by 130 m between each
other, and the shores. Spectral signatures were extracted from
the hyperspectral image, in order to evaluate the change in the
reflectance of the water that passes from high sediment content
(North-West coast) to clearer water (South-East coast).

Fig. 2 shows both sets of points over the study area. The
upper image contains the distribution of the sample points for
three water types. The yellow square at the right is detailed in
the bottom image with ten sample points on the Paraná River
transect.

D. Radiance to reflectance conversion, top of atmosphere

The PRISMA level 1 product (PRISMA L1), without at-
mospheric correction, presents the pixel values in radiance at
top of atmosphere physical units (W/m2-sr-µm). To properly
compare with the equivalent Sentinel-2 L1C product, it must
be converted to reflectance by applying the following equation:

Rt,i =
Li · π

E0,i · k · cos(SZ)
(1)

Where Rt,i is top of atmosphere reflectance; Li, PRISMA
L1 radiance; E0,i, the extraterrestrial solar spectra; k, de-
pendent of the day of the year: k = 1 + 0.0167 · cos[2π ·
(Julian day−3)/365]2, 0.0167 is the Earth’s orbit eccentricity;
and SZ, the angle of incoming solar direction, solar zenith
angle, given by PRISMA product metadata. Equation (1) is
used for each spectral band i.

E. PRISMA and Sentinel-2 match-up

Surface reflectance (Rs) values given by PRISMA and
Sentinel-2 are not directly comparable, due to differences
in the spectral characteristics of the sensors. The spectral
resolution for PRISMA is around 11 nm, for all VNIR bands.
However, Sentinel-2 has bands with a bandwidth of 15 nm
(B05 and B06) up to 106 nm (B08). Likewise, the center bands
are not coincident in both sensors.

To perform a sensor-to-sensor comparison, it is convenient
to simulate the Sentinel-2 values from PRISMA data using
equation (2). This transformation allows the Rs obtained to
be comparable. The reflectances calculated are the equivalents
of what Sentinel-2 would measure with PRISMA sensor. A
good correlation between simulated Sentinel-2 and PRISMA
is an indicator of the quality of the measurement made by the
hyperspectral sensor. If the differences between the spectral
signatures of PRISMA L2D and simulated Sentinel-2 are
small, it could be inferred a good quality in the data capture
and correction from the hyperspectral sensor, since the MSI
(MultiSpectral Instrument) sensor has low radiometric cali-
bration uncertainty, producing reliable results [28]. The cross-
sensor calibration required the spectral response functions
(SRF) for MSI Sentinel-2.

R̂s(λi) =

∫
k
Rs(λ) · SRF (λ) · dλ∫

k
SRF (λ) · dλ

(2)

R̂s(λi) is the simulated reflectance from the multispectral
sensor, for the bandwidth k, centered in λi. The hyperspectral
reflectance is Rs(λ). SRF(λ) is specific for the platform 2B
of Sentinel-2 and spectral band λ. SRF for both platforms can
be found in the Sentinel-2 mission website.

F. Performance metrics

To evaluate the closeness of the reflectance values for each
wavelength, a series of performance metrics were selected. The
Rs generated by the spectral convolution of Sentinel-2 L2A is
taken as field truth. This transformation allows to combine the
measurements of MSI sensor with the high spectral resolution
of PRISMA. In the following equations, in all cases, the cross-
sensor calibrated values were considered as y, and the values
of PRISMA L2D as x, for n sampling points.

RMSE =

√∑n
i=1 (yi − xi)

2

n
(3)

MAE =

∑n
i=1 |yi − xi|

n
(4)

SAM = cos−1

( ∑n
i=1 yixi√∑n

i=1 y
2
i

√∑n
i=1 x

2
i

)
(5)

BIAS =

∑n
i=1 yi − xi

n
(6)

R2 = 1−
∑

i=1 (xi − yi)
2∑

i=1 (xi − x)
2 (7)

RMSE, root mean square error (eq. 3), measures the
precision between the compared data [46], sensitive to its
distribution. MAE, mean absolute error (eq. 4), evaluates
the precision without amplifying the deviations due extreme
values [46]. SAM, spectral angle measure (eq. 5), considers
spectral signatures as vectors in a j-dimensional space, where j
is the number of spectral bands [47]. BIAS (eq. 6), measures
the mean difference between both data sets, estimating the
systematic error. R2, Pearson’s correlation coefficient squared
(eq. 7), indicates a good data fitting the closer is to 1.
RMSE, MAE and BIAS are in the same units as the evaluated
parameter and SAM is in degrees.

These performance metrics are applied to find the deviations
in the spectral signatures for the different types of water and to
assess the closeness of PRISMA sensor signatures compared
to Sentinel-2 MSI. A single metric is not enough, but its
combination achieved a good interpretation of results.

III. RESULTS AND DISCUSSION

A. Spectral signatures, surface reflectance

The spectral signatures from PRISMA level 2D (PRISMA
L2D) and Sentinel-2 level L2A (S2 L2A) images are shown
in Fig. 3. Values are in Rs, sharing the vertical axis. The
wavelength range (λ), on the horizontal axis, was narrowed
to match that of Sentinel-2 in the VNIR range, from 400 nm
to 900 nm.



The dots in the Fig. 3 represents the individual values
extracted from the different sample sites. The solid lines are
the mean spectral signatures for each type of water.

Fig. 3: Spectral signatures (surface reflectance Rs vs wavelenght λ) of three
water types, per platform.

The spectral signatures given by PRISMA L2D shown a
higher level of detail, in comparison with S2 L2A, taking
advantage 63 bands in VNIR region.

Type A water, with a low spectral response and a slight in-
crease along the wavelength, can be explained by the presence
of sediments in the bottom of the water bodies [48], appearing
black in the RGB composite image.

In both sensor type B water presents a peak around 570 nm,
characteristic of chlorophyll-a and with low relative concentra-
tions of suspended solids and CDOM [49]. Low values in the
blue region (400-500 nm) and a peak at 550 nm correspond to
the presence of chlorophyll-a in the water [50]. The absorption
caused by chlorophyll-a is responsible for the low reflectances
at 430 nm and 675 nm [51]. The peak seen at 700 nm is
probably generated by the existence of phytoplankton, and the
valley at 620 nm due to phycosianin [52].

Spectral signatures for type C water had the highest re-
flectance values. Possibly, the high suspended solids concen-
tration is the cause of such values [49]. The curves present
small deviations from each other, with minor differences
between the shape of the curve and the reflectance values. The
correspondence between the reflectances of PRISMA L2D and
S2 L2A is evident at various wavelengths [32].

Comparing the spectral response for the same type water,
in all cases, S2 L2A presents higher values than PRISMA
L2D. The hiperspectral product, at short wavelengths, shows
for type A and B water null values.

B. Match-up spectral signature

Fig. 4 shows the metrics values between the Rs extracted
from S2 L2A product, compared with the simulated values
applying equation 2, to obtain Sentinel-2 PRISMA-calibrated
Rs.

The asterisks in the R2 plot, in the Fig. 4, represent whether
the given value of the linear correlation coefficient is signif-
icant at 95% confidence interval (p-value < 0.05). RMSE,
BIAS and MAE where conveniently converted to percent. For

Fig. 4: Comparison between the spectral S2 match-up and PRISMA L2D
product.

all water types, RMSE, BIAS, MAE present small values,
none of those over 0.15% of deviation between datasets. The
values of these metrics follow the same behaviour as seen in
Fig. 3. Type C water, with the highest surface reflectances,
presents the highest deviations, followed by type B and A
water. However, the spectral signatures are the most similar in
shape and values at type C water, with the lowest SAM and
highest R2.

Low values of RMSE, BIAS and MAE implied that
PRISMA sensor has an equivalent spectral resolution as seen
in MSI Sentinel-2 sensor. Similar results were obtained for
water applications [32], showing the potential of PRISMA as
a source of Rs to retrieve water quality products.

C. Spectral signatures, top of atmosphere

Fig. 5 shows the spectral signatures per type of water
(in rows), for each sensor (in columns), and the comparison
between bottom of atmosphere Rs (BOA, grey line) with
automatic atmospheric correction; and top of atmosphere Rt
(TOA, black line), non corrected atmospherically.

In all cases, TOA reflectances at short wavelengths presents
high values. The different standard correction methods ap-
plied reduce this values, since both (PRISMA correction and
Sentinel-2 Sen2Cor) measure the effect of the aerosols, that
add more refletance due the dispersion of light cause by them.

The presence of aerosols at short wavelengths generates an
increment in the signal captured by the sensor. The initial
TOA reflectances, for all spectral signatures, were higher for
Sentinel-2, mainly due to differences in the characteristics of
the sensors of both platforms, as seen for the Rs products.

For type A and B water, the correction methods mostly
reduced the reflectances values. For type C water, however, the
atmospheric correction methods, for Sentinel-2 and PRISMA,
increase some of the values, around the maximum at 600-



Fig. 5: Comparison between TOA and BOA reflectances, per type of water,
per platform.

700 nm. The automated algorithms change the correction
mechanisms in those water pixel where high signal is detected.

The difference in one day between the acquisition of the
images, and the changes in the composition of the atmosphere,
mainly optical thickness of aerosols and water vapor column,
may be responsible for the differences in how Sen2Cor and
PRISMA transform the data.

D. Paraná river transect

The spectral signatures of the transect sample points ex-
tracted from the PRISMA L2D product are plotted in Fig. 6.
Ten spectral signatures are plotted, starting from P01, Paraná’s
North-West shore, up to P10, on the South-East, according to
Fig. 2. The red circle in each plot indicates the maximum
reflectance value of the spectral signature.

As the sample site moves from P01, with high sediment
concentrations (turbidity 177 NTU), to P10, with clearer
waters (turbidity 8.04 NTU), the shape of the water spectral
response gradually changes, the maximum coordinates (Rs and
λ) decrease. Turbidity values were estimated by Dogliotti’s
algorithm [53], present in ACOLITE software [54].

The spectral signature of the sample site P01 has the
characteristics of type C water, due to its similarity in the
spectral response (Fig. 3). The high reflectance values, around
700 nm, are indicative of a high suspended solids presence
[49].

Site P10, in the opposite side, has a spectral signature
that represents low concentrations of chlorophyll-a, suspended
solids and CDOM [49]. Clear waters have a spectral behavior
similar to the signature given by P10 [55].

The maximum coordinates at peak reflectance in each
spectral signature of the Fig. 6 move from top to bottom,
from right to left. That is, the waters associated with high
concentrations of sediments have high reflectance values, at
longer wavelengths. Clear waters have maximum reflectances
with lower values and lower wavelengths.

IV. CONCLUSIONS AND FUTURE WORK

Search, download, processing and visualization of a
PRISMA hyperspectral images, at level 1 and 2D, corre-
sponding to Gran Resistencia Metropolitan Area was achieved.
Given the large number of spectral bands (63 in VNIR) it was

Fig. 6: Water spectral signature along the points located in Paraná river transect, using PRIMSA L2D.



possible to obtain detailed spectral signatures corresponding
to three types of water present in the study region. The
characteristics of the water could be differentiated thanks to
the evaluation of the spectral response.

The spectral signatures given by PRISMA and Sentinel-2
were compared, at surface reflectance, and after a convolution
calibration, the great similarity between sensors is evidenced.
Since one of the objectives of the PRISMA mission is to test
the technology, these results support the good quality of the
products generated. The values of MAE, RMSE and BIAS
between PRISMA 2D and S2-L2A are bellow 1% of deviation.

The hyperspectral study of ten points along a transect in
Paraná River showed the change in the spectral response, from
the region with the highest concentration of sediments (North-
West side) to the one with the lowest concentration (South-East
side).

Given the limited number of publications using PRISMA
hyperspectral products in the study region, this study presents
an advance in the spectral study of inland waters. In the future,
it is expected to be able to extract even more information from
the hundreds of spectral bands that PRISMA offers, to identify
other pigments apart from chlorophyll-a. In addition, it will be
possible to perform automatic classifications of coverage in the
study area, model semi-empirical algorithms to generate maps
that allow estimating variables, carry out comparisons with
other sensors and validate the spectral response interpretations
by field work and physicochemical laboratory analysis.
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T. H. Fariñas, Y. Lamaury, L. Lampert, H. Lavigne, F. Menet-Nedelec,
S. Pardo, and B. Saulquin, “Twenty years of satellite and in situ
observations of surface chlorophyll-a from the northern bay of biscay
to the eastern english channel. is the water quality improving?,” Remote
Sensing of Environment, vol. 233, p. 111343, 2019.

[11] J. He, Y. Chen, J. Wu, D. A. Stow, and G. Christakos, “Space-
time chlorophyll-a retrieval in optically complex waters that accounts
for remote sensing and modeling uncertainties and improves remote
estimation accuracy,” Water Research, vol. 171, p. 115403, 2020.
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