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 The presence of clouds and shadows and the low temporal resolution of the sensors can 
be limiting factors for several analyses using satellite images. Considering this, the present 
study aimed to verify if the integration of the MSI (Sentinel/2) and OLI (Landsat/8) images, 
aiming at the expansion of the data set, can improve the mapping of the surface water 
extents of the artificial reservoirs. For this, spectral indices were calculated from images of 
the OLI and MSI and compared with useful water volume and water depth data collected 
in situ in the Ceraíma reservoir (BA). The correlation (r) between the surface water extent 
values obtained by MSI images and the in situ variables useful water volume and relative 
water depth are 0.80 and 0.78. While, between OLI and the useful water volume and rela-
tive water depth variables, the correlations values are 0.59 and 0.58. And, between MSI 
and OLI, the correlation value is 0.89 and the index of agreement is 0.88. This study con-
cluded that differences in spatial and temporal resolutions have a relevant influence on 
the ability to integrate images from different satellites for quick and simple results. The 
low spatial resolution makes it difficult to accurately extract the reservoir contours, while 
the temporal one limits the number of images for extracting clouds and shadows. 
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INTRODUCTION 

It is estimated that the surface water availability in Brazil varies around 
78,600 m³/s, which represents about 30% of the average discharge of all rivers. 
However, it does not have an equitable distribution in the Brazilian territory, be-
ing its largest portion (65,617m³/s) in the Amazon basin, according to the latest 
update of the country's water resources situation report (AGÊNCIA NACIONAL DE 
ÁGUAS, 2019). Part of this resource is stored in approximately 19,000 existing ar-
tificial reservoirs, and a relevant portion is intended for the production of elec-
tricity, as the country's energy matrix is highly dependent on hydroelectricity 
(JONG et al., 2018; JÚNIOR, 2018). About 50% of the total water withdrawn is ap-
plied in irrigation, mainly in the Northeast and Southeast regions, which hold 70% 
of Brazil's water demand for multiple uses, although they have only 12% of the 
country's water availability in their territories (POUSA et al., 2019; MORAES et al., 
2018; LÉLLIS et al., 2017). 

Climatic conditions and geological, topographical, and land use and occupa-
tion characteristics, as well as forms of economic and social appropriation of wa-
ter resources can also be agents of variations in the quantity and quality of water, 
useful water volume for human consumption and for ecological support, availa-
ble in continental aquatic systems (lakes, ponds, rivers and reservoirs/dams) 
(ALTHOFF, RODRIGUES and da SILVA, 2020; ANDRADE et. al., 2019). Therefore, 
knowing the physical characteristics of aquatic systems, as well as their variations 
over the years, is of paramount importance for the formulation of public policies 
(AMORIM and CHAFFE, 2019; MARENGO, TOMASELLA and NOBRE, 2017). 

In addition, among the Sustainable Development Goals (SDGs) of the United 
Nations (UN), there is the item 6.6, which emphasizes the need to prevent the 
degradation and destruction of aquatic ecosystems, setting as a goal the charac-
terization of variations over time, either on a regional or global scale (UNITED 
NATIONS, 2018). 

However, monitoring these water bodies usually requires high financial in-
vestment in the acquisition and maintenance of equipment, such as fluviometric 
stations and data collection platforms, as well as specialized human resources 
(AGÊNCIA NACIONAL DE ÁGUAS, 2019; WAGNER, 2000). Therefore, this may 
make it impossible for the monitoring and evaluation of water resources to be 
carried out in their entirety, requiring strategies to prioritize the aquatic systems 
to be observed. 

A complementary alternative to conventional water resources monitoring 
systems is the application of satellite images (eg, CHIPMAN, 2019; MA et al., 
2019; OVAKOGLOU et al., 2016), which over the past four decades has allowed 
the construction of a large dataset on aquatic systems, with unprecedented 
wealth of spatiotemporal details. This is a result of the growing number of satel-
lite images made available by Earth observation space missions, such as the 
Landsat and Sentinel missions, and which are mostly free of charge. 

In this context, qualitative (LAD, MEHTA and VASHI, 2020; RADU et al., 2020; 
KUKRER and MUTLU, 2019; RIVA et al., 2019) and quantitative (TULBURE and 
BROICH, 2019; LI et al., 2018; PRIGENT et al., 2012) studies are recurrent, in 
which the use of images obtained by multispectral optical sensors, comprising 
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the visible and infrared bands (400-950 nm) in the electromagnetic spectrum, 
predominates. 

Some studies have stood out in mapping and monitoring the dynamics of 
surface water extents in continental aquatic systems, predominantly adopting 
images from a single sensor or a series of very similar sensors belonging to the 
same space mission. On a global scale, Pickens et al. (2020) used a series of 3.4 
million satellite images to assess changes between 1999 and 2018 and Pekel et al. 
(2016) processed about 3 million images from the 1984-2015 year range. Both 
adopted images from the Landsat mission alone. On the subcontinental or local 
scale, Mueller et al. (2016) evaluated 25 years of variation in Australia and Tulbu-
re et al. (2016) analyzed a 30-year interval in the Murray-Darling basin, Australia. 
Meanwhile, Martins et al. (2019) mapped the dynamics that occurred between 
2013 and 2017 in the Sobradinho reservoir, in the semiarid region of Brazil. 

Generally, the identification of surface water extents (surface of aquatic sys-
tems) is performed from different spectral bands of optical images, based on the 
principle of distinguishing the reflectance of water, which is low in the infrared 
channels, with other types of elements of the landscape. Some examples of these 
methods are density slice (FRAZIER et al., 2000), supervised or unsupervised clas-
sifications (OZESMI and BAUER, 2002; MANAVALAN, SATHYANATH and RA-
JEGOWDA, 1993) and decision trees (OLTHOF, 2017; ACHARYA et al., 2016;  SUN, 
YU and GOLDBERG, 2011). These methods often have classification rules that are 
complex to interpret and apply, and they are also insufficiently robust to be uni-
versally applicable. 

On the other hand, a simple and effective way to identify surface water ex-
tents is using spectral indices, namely algebraic operations performed with two 
or more bands, which help in the design and extraction. Among the most used 
indices are the Normalized Difference Water Index (NDWI, (Green-
NIR)/(Green+NIR)) (MCFEETERS, 1996) and the Modified Normalized Difference 
Water Index (mNDWI, (Green-SWIR1)/(Green) +SWIR1)) (XU, 2006), where Green 
represents one of the visible spectral bands (530-590 nm), NIR represents the 
near infrared spectral bands (830-880 nm) and SWIR of the short-wave infrared 
(above 1500 nm). 

The NDWI is considered the first generation of spectral indices for water 
characterization, being widely used in the first 10 years of the 21st century 
(CHOWDARY et al., 2008; HUI et al., 2008). Then, it was pointed out in the study 
by Xu (2006) that the SWIR band may be less sensitive to concentrations of sedi-
ments and other optical active constituents in water than the NIR band, which 
gave rise to the mNDWI, eventually becoming widely used (MOHAMMADI, COS-
TELLOE and RYU, 2017; CHEN et al., 2014). The mNDWI can enhance open water 
detection by suppressing and even removing built‐up land noise as well as vege‐
tation and soil noise. Plus, there is a growing collection of dozens of algorithms 
used in the mapping of aquatic systems. According to Pickens et al., 2020, there 
are 21 algorithms developed and calibrated for images from TM and ETM+ sen-
sors (Landsat 5 and 7) and 36 for images from the Operational Land Imager (OLI) 
sensor (Landsat 8). Some studies applied part of these algorithms to images ob-
tained from the Sentinel 2 satellite, Multispectral Instrument (MSI) sensor, such 
as Yang et al. (2017) and Du et al. (2016). 
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However, there are few studies that adopt a multisensor approach, integrat-
ing images from different satellites. Besides, with the large number of free imag-
es available, integrating these different sensor products, such as OLI (Landsat 8) 
and MSI (Sentinel 2), to expand the dataset, becomes a useful option. This alter-
native, however, can bring particular challenges such as incompatibilities be-
tween radiometric (gray levels), spatial (terrain area represented in the pixel), 
temporal (period of passage of the satellite over the mapped area) and spectral 
resolutions (quantity and amplitude of the represented electromagnetic spec-
trum bands). 

Therefore, the present study aims to evaluate whether the integration of im-
ages from OLI (Landsat 8) and MSI (Sentinel 2) sensors can benefit the quantita-
tive analysis of surface water extents in artificial reservoirs. 

MATERIAL 

SATELLITE IMAGES 

The satellite images were acquired from Earth Engine Data Catalog using its 
Java Script API. Figure 1 presents the distribution of the 89 images acquired over 
the months from Dec/2019 to May/2020. The OLI locator (Path and Row) is 
218/070 and the MSI (Tile) is T23LQE. 

Figure 1 – Distribution of the 89 OLI and MSI images chosen to monthly subset generation 
from 2019/DEC to 2020/MAY. The green mark “X” in red box indicates MSI and OLI image 

date match  

 
Source: Own authorship (2021). 

OLI images from November 2020 were absent in the catalog of Surface Re-
flectance corrected images. Also, for OLI over December 2019, March, May and 
October 2020 had only one image. 

Landsat 8 (OLI) 

Level 2 Surface Reflectance, atmospherically corrected (Bottom of atmos-
phere – BOA reflectance) to orthorectified data acquired through Earth Engine 
API (GEE - USGS Landsat 8 Surface Reflectance Tier 1), is chosen to compose the 
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dataset used to calculate mNDWI spectral index. Level 2 images are post pro-
cessed results from the georeferenced Landsat Level-1 data that use the Global 
Land Survey (GLS) database as the primary source for the Ground Control Point 
(GCP). Here are downloaded 71 images from sensor OLI over 2019 December and 
2020 over the months January and November in Green and Short-Wave Infrared 
(SWIR1) bands with spatial and temporal resolution of 30 m and 16 days respec-
tively. The images were collected without cloud cover limit. Then, monthly subset 
were obtained from cloud mask preprocessing. Here, this set of images is used to 
detect water surface changes occurrence over the study area. 

Sentinel 2 (MSI) 

Level-2A Bottom-Of-Atmosphere (BOA), atmospherically corrected or-
thoimage reflectance product, from Copernicus Sentinel-2 satellites (S2A and 
S2B) is chosen to compose the dataset used to calculate the mNDWI spectral in-
dex, since it provides relatively high spatialtemporal resolution (10/20/60 m-5 
days), with 13 multispectral bands through its on board MSI sensor. Here are 
downloaded 18 images over 2019 December and 2020 over the months January 
and November, in two bands: 10 m resolution band Green and 20 m SWIR1. The 
images were collected without cloud cover limit. Then, monthly subset were ob-
tained from cloud mask preprocessing. Here, this set of images is also used to de-
tect water surface changes. 

IN SITU DATA FROM THE NATIONAL WATER AGENCY (ANA) 

Useful water volume (%) and water depth (m) data were acquired from the 
Reservoir Monitoring System (SAR) of the National Water Agency (ANA – Agência 
Nacional de Águas in portuguese), which operates and maintains the Northeast 
and Semi-Arid module (https://www.ana.gov.br/sar/), launched at the end of 
2019, in which more than 500 reservoirs are monitored in the nine states of the 
Northeast Region and in Minas Gerais, with a total capacity close to 40 billion m³. 

Figure 2 – In situ data acquisition website interface 

 
Source: Own authorship (2021). 

STUDY AREA 

The chosen study area was the Ceraíma reservoir (Figure 3), which arose 
from the dam in the course of the Carnaíba de Dentro River, in the São Francisco 
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River Basin, located in the limits of the municipality of Guanambi/BA, at latitude 
14° 17' 2.86" S and longitude 42° 40' 52.38" W. The Dam is operated by the public 
company Companhia de Desenvolvimento dos Vales do São Francisco and Parna-
íba (CODEVASF). The types of demands met include urban human supply (33%), 
rural human supply (15%), animal watering (14%) and irrigation (38%). It supplies 
the Bahia cities of Candiba, Guanambi, Igaporã and Pindaí, in addition to the irri-
gated perimeter of Ceraíma. Being, therefore, of great relevance for the water 
and food security of the region. 

Figure 3 – Study area: (a) Ceraíma dam location in Bahia State, Brazil (b) MSI true color 
composition (RGB 4; 3; 2); (c) monthly mean precipitation in São Francisco River catch-
ment area from 2019/DEC to 2020/NOV. Precipitation is acquired from Climate Hazards 

Group InfraRed Precipitation with Station data (CHIRPS) 

Source: Own authorship (2021). 

METHODS 

A summary of the dataset and methods is presented in Figure 4. The whole 
process has been developed in Java Script API environment and QGIS software.  

Figure 4 – Methodological steps fluxogram 

 
Source: Own authorship (2021). 
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CLOUD AND SHADOW MASKS 

Functions were applied to mask clouds based on the bands pixel_qa of OLI 
Landsat 8 and QA60 of MSI Sentinel. It helps to flag cloud shadow and cloud pix-
els from OLI and clouds and cirrus pixel from MSI images that are disregarded in 
image subset generation.  

MONTHLY IMAGE SUBSETS 

To aggregate masked images in only one monthly subset it is required to re-
duce the collection, which means the adoption of a statistical function to choose 
each pixel of the final image subset. Here the widely used statistics Median is 
adopted, i.e., "the middle" value that separates the higher half from the lower 
half of a data sample and disregard the masked pixels.  

WATER EXTENT MAPPING STATISTICS 

The water extent mapping was performed with a simple threshold on the 
spectral index images: mNDWI>0, where NDWI=(GREEN – SWIR1)/( 
GREEN+SWIR1). The proposed approach enables an effective and fast mapping of 
water extent in the Ceraima reservoir. These indexes are widely used in remote 
sensing applications, which makes it easy to replicate in other studies in which no 
machine learning technics are required. Then, from the water extent mNDWI-
derived of OLI and MSI, it was calculated the area in square kilometer (km²) for 
each month assessed. Also, Shapiro-Wilk test, t-student, Pearson correlation co-
efficient (r) and the index of agreement was computed to assess the normal dis-
tribution, and the degrees of relationship between the variables assessed. 

RESULTS 

Figure 5 shows the surface water extent of the Ceraíma reservoir, extracted 
from the mNDWI, in the months where the lowest and highest records of usable 
volume and relative water depth occurred, identified by ANA's in situ surveys. It 
is visually noticeable a similarity in the identification of the water surface bound-
aries using distinct images of the OLI (Figure 5 a, and b) and MSI (Figure 5 c, and 
d) sensors. 

Considering a 6-month interval (Dec/2019 to May/2020), the southeast part 
of the Ceraíma reservoir presents a marked variation in terms of the presence or 
absence of a water surface since it remains flooded in periods of higher volume 
and relative water depth. This is mainly motivated by the shallow depth of this 
stretch of the reservoir. This occurrence is highlighted in Figures 6 and 7, which 
show the difference in performance, in the delineation of the edges of the reser-
voir, between the mNDWI extracted from the images of OLI and MSI sensors. 
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Figure 5 – Surface water extent mNDWI-derived of Ceraíma dam when the smaller 
(2019/DEC) and larger (2020/MAY) in situ data were recorded from useful water volume 

and water depth 

 
Source: Own authorship (2021). 

Figure 6 – OLI and MSI performance differences in Ceraíma dam edge extraction mNDWI-
derived over 2019/DEC, highlithed in the frames a, b, c, d, e and f 

 
Source: Own authorship (2021). 

The 30 meter-spatial resolution of the OLI images makes the contours less 
smooth. Also, the area values calculated from each image are distinct. Six MSI 
images and one OLI image were used here, without match dates (Figures 6 and 
7). Figure 6 shows that while the surface water extent value calculated from MSI 
images for the month of Dec/2019 is 1.323km², from OLI images it is 1.989 km² 
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for the same period. In Figure 7, on the other hand, is presented for the period 
May/2020, when compared to Dec/2019, a smaller difference between the val-
ues obtained from OLI and MSI images, but still relevant, being the area value of 
the surface water extent of 3.488 km² (OLI) and 3.626 km² (MSI). 

Figure 7 – OLI and MSI performance differences in Ceraíma dam edge extraction mNDWI-
derived over MAY/2020, highlithed in the frames a, b, c, d, e and f 

 
Source: Own authorship (2021). 

In Figure 8 are shown the monthly values, in the period between Dec/2019 
and Nov/2020, of the area of the surface water extent extracted from the MSI 
and OLI images and the data collected in situ by ANA, representing monthly use-
ful water volume (%) and relative water depth (%). The relative water depth val-
ues, usually shown in meters, were here normalized to the variations that oc-
curred in the period for better visual presentation in the chart. Thus, considering 
variations between 511 and 515 meters of elevation, they correspond in Figure 8 
to the minimum values, 0%, and maximum values, 100%, respectively.  

Figure 8 – Monthly comparison over DEC/2019 to NOV/2020 of surface water extent 
mNDWI-derived (MSI and OLI) and in situ dataset of monthly useful water volume and 

water depth  

 
Source: Own authorship (2021). 
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There was difficult to achieve the dataset (images and in situ) in an ideal sce-
nario of match dates. Then, it was opted to obtain monthly reduced subsets aim-
ing to minimize the gaps of data. Still, front of the high percentage of cloud, the 
images of March, April and November were not considered for statistical analysis.  

Shapiro-Wilk test shows the p-value for OLI of 0.929 and for MSI of 0.897, re-
taining the hypothesis that the data is normally distributed. Also, p-value of 0.03 
from t-student, shows significant relationship between OLI and MSI with 95% of 
confidence level. In Table 1 are shown the calculated Pearson's correlation coeffi-
cient (r) values and evidences the direct correlation between the intra-annual 
variations detected by the mNDWI of the MSI images, with r equal to 0.80 of the 
useful water volume and 0.78 of the relative water depth of the reservoir.  

Tabela 1 – Pearson’ correlation (r) of surface water extent mNDWI-derived (MSI and OLI) 
and in situ dataset of useful water volume and relative water depth 

 OLI mNDWI MSI mNDWI 
ANA 

volume útil 

ANA  

cota 

OLI mNDWI 1    

MSI mNDWI 0.89 1   

ANA uselful 
volume 

0.59 0.80 
1  

ANA  relative 
depth 

0.58 0.78 
1 1 

Source: Own authorship (2021). 

In comparison, r values between the mNDWI of the OLI images and the in 
situ data are directly correlated with lower values. Also r value and the index of 
agreement between MSI and OLI km² surface water extents is 0.89 and 0.88, re-
spectively. 

DISCUSSION 

The rainfall regime of the southwest region of Bahia in the evaluated sea-
sonal cycle from Dec/2019 to Nov/2020, the region where the Ceraíma reservoir 
is located, presented a higher rainfall in the summer, from December to March, 
until the middle of the fall period. Consequently, the discharges from the reser-
voirs in the post-rain period are controlled to store water and ensure water secu-
rity for the population and the like. This was directly reflected in the useful water 
and relative water depth values recorded by ANA equipment installed in situ, as 
seen in Figures 5, 6, 7 and 8. 

In Figures 6 and 7, in which visual comparisons allow detecting differences 
between the delineation of the edges of the Ceraíma reservoir, in the periods of 
minimum and maximum water availability records, it can be inferred that in addi-
tion to the influence of visually evident differences in resolution 10 m (MSI) and 
30 m (OLI) spatial resolution, the temporal resolution, which comprises the satel-
lite revisit interval, can add some square meters of error in quantification, con-
sidering the advance or retreat of the edge line directly proportional to the useful 
water and the relative water depth. 
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Considering the lack of systematized data for the Ceraíma region that repre-
sents the surface area of the reservoir's surface water extents, which could serve 
as validation data for the evaluations in this study, the variables useful water vol-
ume and relative water depth were adopted. The first represents the amount of 
water in the reservoir that can be pumped, which is a volumetric variable. The 
second, relative water depth, estimates a relation of the distance between the 
reservoir bottom and the surface water extent, thus being a linear variable. 
Therefore, inaccuracies in the analyses can be added considering the structural 
differences of the adopted parameters. On the other hand, the values presented 
in Table 1 and Figure 8 may corroborate the visual differences shown in Figures 5, 
6 and 7. 

Among the 89 images used in this annual analysis, 18 were from OLI. Consid-
ering the common variability that occur in artificial reservoirs, the low date match 
rate (3 dates) between MSI and OLI images aggregates limitations to perform the 
analysis. On the other hand, it is a rich opportunity for the data offering, once the 
other 15 OLI images may fill data gaps in other 15 days that MSI do not provide, 
being used to produce information on the water surface. 

CONCLUSIONS 

This study aimed to evaluate whether a simple and fast integration of images 
from the OLI and MSI sensors, onboard the Landsat 8 and Sentinel 2 satellites, 
could be an alternative to quantify the area of surface water extents from surface 
water systems. The approach adopted has the benefit of expanding the dataset, 
mitigating the effects of the presence of clouds and shadows and the low tem-
poral resolution of the sensors, being tested in the artificial reservoir of 
Ceraíma/BA. 

The number of Sentinel images was crucial to minimize the image gaps, and 
make it possible to mask clouds in all the months assessed. It was concluded that 
the differences in spatial and temporal resolutions have a relevant influence on 
the ability to integrate images from different satellites to obtain results. The low 
spatial resolution makes it difficult to automatically extract the contours of the 
reservoirs accurately, while the temporal one limits the number of images con-
siderably for extracting clouds and shadows. 

In spite of the simple integration between the OLI and MSI images for the 
mapping of surface water extents, thus, making the visualization of intra-annual 
dynamics possible, it is recommended evaluating the possibility of fusion bands 
of the Landsat Green and SWIR1 with the panchromatic of 15 meters, mainly for 
applications that aim to use the surface water extents area in order to support 
the estimate of surface water availability. The goal is to optimize the spatial reso-
lution and minimize the effects of differences in resolution on area values of sur-
face water extents. 

For further research, it is suggested to evaluate the influence of differences 
between radiometric and spectral resolutions of images from different sensors. 
This investigation can produce an optimization in the integration of images from 
these important OLI and MSI sensors and leverage advances in current aquatic 
studies. 
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Avaliação da integração de imagens Landsat 
e Sentinel no mapeamento de espelho 
d’água 

RESUMO 

  A presença de nuvens e sombras e a baixa resolução temporal dos sensores podem ser 
fatores limitantes para as análises usando imagens de satélites. Considerando isso, o pre-
sente estudo almejou verificar se a integração das imagens dos sensores MSI (Sentinel 2) e 
OLI (Landsat 8), visando a ampliação do conjunto de dados, pode aprimorar o mapeamen-
to dos espelhos d’água dos reservatórios artificiais. Para isso, foram calculados índices 
espectrais a partir de imagens OLI e MSI e comparados com dados de volume útil e cota 
coletados in situ no reservatório de Ceraíma (BA). A correlação (r) entre os valores de 
espelho d’água obtidos por imagens MSI e as variáveis in situ volume útil e cota são de 
0,80 e 0,78. Enquanto, entre OLI e as variáveis volume útil e cota, os valores de correlação 
são 0,59 e 0,58. E entre MSI e OLI, r é de 0,89 e o índice de concordância é de 0,88. Este 
estudo concluiu que as diferenças de resoluções espaciais e temporais têm uma relevante 
influência na capacidade de integração entre as imagens de diferentes satélites para ob-
tenção rápida e simples de resultados. A baixa resolução espacial dificulta a extração pre-
cisa dos contornos do reservatório, enquanto a temporal limita a quantidade de imagens 
de forma considerável para extração de nuvens e sombras. 

 

PALAVRAS-CHAVE: Espelhos d’água. Sentinel 2. MSI. Landsat 8. OLI. 
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