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Abstract: The availability, quality and management of water constitute essential activities of national, regional and 
local governments and authorities. Historic annual rain (between 1961 and 2020) in Chambas River Basin (Central 
Cuba) was evaluated. Two remote sensing methods (Normalized Difference Water Index and RADAR images) were 
used to calculate the variation of water area and volumes of two reservoirs (Chambas II and Cañada Blanca) of Ciego 
de Ávila Province at end of wet and dry seasons from 2014-2021. The results showed that mean annual rain was 
1330.9 ± 287.4 mm and it did not showed any significant tendency at evaluated period. For both reservoirs, mean 
water areas measured with two methods were 19 % and 8 % smaller than the mean water area reported by authorities 
for the same period. The static water storage capacity (water volume) of both reservoirs varied (as area) between 
seasons with the greatest volume in both reservoirs recorded in October of 2017 (30.5 million of m3 in Chambas II 
and 45.1 million of m3 in Cañada Blanca reservoir). Large deviations of water area and volumes occurred during 
the dry season (lower values) and the wet season of 2017 (influenced by rain associated to of Hurricane Irma) and 
wet season of 2020 (influenced by rain associated to tropical storm Laura). Calculated area – volume models with 
significant statistical correlation are another useful tool that could be used to improve water management in terms of 
accuracy and to increase reliable results in cases where gauge measurements are scarce or not available.
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Cálculo del área y volumen de agua de dos reservorios de Cuba Central usando métodos de sensores 
remotos. Una nueva perspectiva
Resumen: La disponibilidad, calidad y manejo del agua constituye actividades esenciales de los gobiernos y 
autoridades regionales y locales.  Fue evaluada La lluvia anual histórica (entre 1961 y 2020) de la Cuenca del Río 
Chambas. Para el cálculo de la variación de las áreas y volúmenes del agua en dos reservorios de la Provincia de 
Ciego de Ávila al término de las temporadas lluviosa y poco lluviosa entre 2014 y 2021 fueron usados dos métodos 
de sensores remotos (Índice Normalizado de Diferencia de Agua e imágenes del RADAR). Los resultados mostraron 
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1. Introduction

Water is one of most important economic, social 
and environmental resources of any country. 
The availability, quality and management of 
water constitute essential activities of national, 
regional and local governments and authorities. 
According to Mulligan et  al. (2020) there are 
more than 38 000 georeferenced water reservoirs 
around the world, with the greatest number in 
tropical land areas. Asia has more than 50 % of the 
georeferenced dams, followed by South America, 
Europe (16.5%) and North America (16.4%).

The estimation of water area and volume of 
reservoirs is made by different methods (the most 
used is area–volume–elevation (AVE) curve), 
which are, frequently, criticized by many authors 
due to lack of true and public information to 
science (Wang et  al., 2013), lack of knowledge 
of parameters (Naba Sayl et al., 2017), costs and 
time-consuming process (Karran et  al., 2016; 
Naba Sayl et al., 2017).

In recent decades, new tools such as remote 
sensing have been developed and used to monitor 
water reservoirs, including information about 
water area and volume variability (Du et  al., 
2012; Nandi et  al., 2018; Fuentes et  al., 2019), 
sedimentation (Adediji and Ajibade, 2008; Naba 
Sayl et al., 2017); and trophic condition (Machado 
and Baptista, 2016; Lopes et al., 2017). Some of 
the remote sensing methodologies are developing 
several spectral indexes such as Normalized 
Difference Water Index (NDWI) which uses the 
Green band (GREEN) and near-infrared band 
(NIR) (McFeeter, 1996) and Modified Normalized 

Difference Water Index (MNDWI), which is a 
modification of NDWI proposed by Xu (2006), 
replacing band 4 by band 5 of Landsat 5 TM in 
McFeeter's index. Other commonly used indexes 
related with surface water mapping are Normalized 
Difference Moisture Index (NDMI) (Wilson 
and Sader, 2002) and Normalized Difference 
Vegetation Index (NDVI) (Rouse et  al., 1973; 
Aguilar et al., 2012; Escobar-Flores et al., 2019).

Cuba has, due to its configuration (narrow and 
long island), short and very seasonally variable 
rivers that flow to the north and south coasts. 
However, since the 60´s of 20th Century, many 
water reservoirs were built to capture and store all 
available waters (Batista Silva, 2016). According 
to the database of the National Hydraulic 
Resources Institute (INRH, in Spanish) (2018), 
there are 242  reservoirs with approximately 
9.1×109 m3 of water volume capacity in Cuba. All 
this water volume is used for basic economic and 
social activities and the availability of this resource 
is monitored carefully by water managers.

The use of remote sensing tools (as NDWI 
index) to monitor water resources in Cuba is 
not documented. According to Cruz Flores et al. 
(2020) only few studies have documented the 
remote sensing and vegetation indexes in Cuba, 
and most of them have focused on vegetation cover 
(Morejón et al., 2010; Denis Ávila, 2015; Ponvert-
Delisles, 2016; Hernández and Cruz, 2016; Cobos 
et  al., 2016). For this reason, the principal aim 
of this study is to evaluate the use of two remote 
sensing tools to monitor water area and volumes 

que la lluvia media anual fue 1330.9±287.4 mm y no mostró tendencia significativa en el período evaluado. Para 
ambos reservorios, las áreas promedio de agua medidas con los dos métodos fueron 19 % y 8 % menores que el 
área de agua reportadas por las autoridades para el mismo período. La capacidad estática de almacenamiento 
de agua (volumen de agua) de los dos reservorios varió (como el área) entre temporadas, con el mayor volumen 
determinado en ambos reservorios en octubre de 2017 (30.5 millones de m3 en Chambas II y 45.1 millones de 
m3 en Cañada Blanca). Grandes desviaciones de las áreas y volúmenes del agua ocurrieron durante la temporada 
poco lluviosa (menores valores) y la temporada lluviosa de 2017 (influenciada por las lluvias asociadas el huracán 
Irma) y la temporada lluviosa de 2020 (influenciada por la lluvia asociada a la tormenta Laura). Los modelos 
calculados para la relación área – volumen con una significación estadística son otra herramienta útil que podría 
ser usada para mejorar el manejo del agua en términos de precisión y el incremento de resultados confiables en 
casos donde la medición de los niveles de agua son escasos o no están disponibles.

Palabras clave: agua, reservorio, sensores remotos, manejo, Cuba. 
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of two water reservoirs in Central Cuba, as a new 
tool to water management in this region.

2. Materials and Methods

2.1. Study zone

Liberación de Florencia reservoir (former 
Complejo Hidráulico Liberación de Florencia, in 
Spanish) is formed by two independent reservoirs 
(Cañada Blanca and Chambas II) (Table 1). These 
reservoirs are located near the town of Florencia, in 
Ciego de Ávila province, Central Cuba (Figure 1). 
Water of both reservoirs is used, principally, for 
agriculture and as water supply to Florencia and 
Tamarindo towns (approximately 15 000 people). 
The reservoirs were built at end of the last century. 
Both reservoirs are associated to the Chambas 
River Basin (68.9 km), the second most important 
basin (333 km2) in Ciego de Ávila province.

Climate is characterized by two well defined 
seasons: the dry season (from November to April) 
with only 20% of annual rain and the wet season 
(from May to October) with 80% of annual rain. 
The  reservoirs is from around 70 m to 90 m of 
height above sea level (h.a.s.l) (Figure  2). At 
right margin of each reservoir there are installed 
some metallic limnimeters with precision of 1 cm 
that are read every day. This lecture (in meters, 
using the height above sea level) is sent to water 
authority’s manager offices and with AVE curve of 
each reservoir (made before reservoir construction 
from topography data for watershed area), the data 
(volume and area) is reported.

2.2. Historic Rain of the Chambas River 
Basin

To determine historic rain (from 1961 to 2020) 
in the Chambas River Basin, the database of the 

Table 1. Principal characteristics of Cañada Blanca and Chambas II reservoirs (from INRH database),

Reservoir

Normal Storage Maximum Storage Minimum Storage
Water level 

(masl)
Vol 

(millions of m3)
Water level 

(masl)
Vol 

(millions of m3)
Water level 

(masl)
Vol 

(millions of m3)
Cañada Blanca 84.0 46.5 87.2 67.5 64.2 0.5
Chambas II 84.0 33.3 87.2 56.0 68.50 0.2

Figure 1. Location of Cañada Blanca and Chambas II reservoirs (Chambas River Basin) in Ciego de Ávila province (Cen-
tral Cuba).
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Cuban National Watch Drought System was used. 
This database has a national network with resolution 
of 4×4 km and of the national inventory; in Ciego 
de Ávila province, there are 492  points. For rain 
analysis in the Chambas River Basin, 21  points 
inside the basin area were used (Figure  1). This 
national network was built through interpolation 
methods from the national network of rain gauge 
stations, certified and calibrated by the National 
Institute of Hydraulic Resources of Cuba (for more 
details, see Valero et al., 2021).

Using the rain database, some maps were made for 
historic rain distribution in Ciego de Ávila province 
and for historic rain (dry and wet season) in the 
Chambas River Basin. All maps were made using 
software QGIS (version 3.16.11).

2.3. Normalized Difference Water Index 
(NDWI)

This method (NDWI) uses green (GREEN) and 
infrared bands (NIR) of spectral images. It is 
an appropriate tool to map surface waters and 

inundated areas, due to that water has a high 
absorption and low irradiation in the visible range 
of infrared. The NDWI is one ratio methods and is 
defined as:

The NDWI values can vary between -1 and 1, with 
the followed ranges (Table 2).

For calculation of NDWI, satellite images 
Sentinel-2A (10 images of resolution of 10 m) and 
Landsat 8/OLI (eight images of resolution of 30 m) 
were downloaded. From these images (Sentinel-
2A), only green (B3) and infrared (B8) bands were 
used, while B3  (green) and B5  (infrared) bands 
were used for Lansadt 8/OLI. Both images are in 
the coordinate system WGS 84  and cloud cover 
was below 20%. The downloaded images were 
from seven years (from 2014  to 2021) during the 
same seasons: dry (November–April) and wet 
(May–October).

The QGIS software (version 3.16.11) was used to 
process images and to calculate the NDWI. All data 
were imported to QGIS and then, using the Raster 
Calculator option in main menu, all calculations 
were implemented to estimating NDWI (Figure 3).

The obtained images with NDWI were reclassified 
using Raster Analysis with ranges of specific values 
(from -1.0  to 0.19  with value 0  and from 0.2  to 
1.0 with value 1), where water areas were separated 
from the rest of the image areas. This analysis 

Figure 2. Heights above sea level of two studied reservoirs..

Table 2. The NDWI ranges and each description.

Range Description
0.2–1 Water surface
0.0–0.2 Inundation, humidity
-0.3–0.0 Moderated drought, surface without water
-1– -0.3 Drought, surface without water
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was made using option Process/Tools Box/Raster 
analysis/Reclassification by Table (Figure 4). With 
this process was obtained a reclassified image by 
NDWI values (Figure 5).

Once the image was reclassified, water area was 
calculated using the area that was colored with 
value  1, using option r. report (Figure  6) inside 
Tools Box of GRASS. Each area was reported in 
km2 and the file was saved as a txt file (Figure 7).

Figure 3. View of process Raster Calculator from QGIS.

Figure 4. View of process Reclassification by Table
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2.4. Obtaining and pre-processing of 
RADAR images of Sentinel-1

Images were downloaded (15) from satellite 
Sentinel-1A (S1A) using acquisition mode 

Interpherometric Wide Swath (IW). The 
downloaded database was of Level 1  GRD 
(Ground Range Detected), only with multi-looked 
intensity. These RADAR data were projected with 

Figure 5. Reclassified image in ranges from NDWI.

Figure 6. Calculating process for area with r. report tool.
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ellipsoidal model WGS-84  and high resolution. 
Also, double polarometric images (VV-VH) were 
used, which allows the calculation of polarization 
of terrain (Muro et al., 2019, 2020; Alarcón, 2021). 
For better interpretation of images RADAR, 
a standard preprocessing was made using the 
steps shown in Figure  8. For preprocessing of 
images, the software SNAP (Sentinel Application 
Platform) (version 8.0) was used.

The step Apply Orbit File uses recalculated 
orbit data, which are necessary to improve the 
quality of geocodification, and other results of 
images RADAR processing. When images were 
perturbed by some thermal noise, particularly 

at the cross-polarization channel, the Thermal 
Noise Removal step was used. Border Noise 
Removal step was applied to diminish some 
noises at borders of images (Park et al., 2018). The 
radiometric calibration (Calibration step) is one 
of the principal processes that assures available 
values of retro dispersion of pixels in the images. 
The speckle noises cause many difficulties to 
read the images correctly; other analysis showed 
changes in detection and classification of images 
RADAR, so, the Speckle Filtering steps was used, 
applying the adaptive filter Lee-Sigma (Lee, 
1980, 1981a,b). Using the Range Doppler Terrain 
Correction step, the geometric distortions (which 
could provoke errors in geolocalization) were 
corrected in the last step, bands of retro dispersion 
were converted to decibels (dB).

For estimating area of reservoirs, the histogram of 
coefficient of filtered retro dispersion was analyzed 
(Figure 9). The low values of retro dispersion were 
for water areas (-18 dB to) (Alarcón, 2021).

For estimating water volumes of reservoir, the 
QGIS plugin Volume calculation tools were used. 
This algorithm calculates volumes for both, under 
and above raster surface. This tool has some 
methods for volume estimating but the Count 
above and below (cut/fill) method was used in 
this research. For volume calculation using this 
method, the Digital Elevation Model (DEM) 
of Ciego de Ávila province was necessary. The 
DEM of 1:10  000  scale was used; this scale is 
equivalent to raster image resolution of 5  m of 
pixel (Jakovljevic et al., 2018).

Figure 7. Structure of note archive with report of calculated (in Km2).

Figure 8. Preprocessing steps applied to images RADAR.
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2.5. Statistical analysis

For historic annual rain in the basin, the tendency 
analysis test was used (Mann-Kendall) (Mann, 
1945; Kendall, 1975; Pohlert, 2016). The Non 
parametric Kruskal-Wallis test was used to 
find significant differences among water areas 
and volumes measured with remote sensing 
methods and those reported by local authorities. 
Linear regression was applied to find significant 
correspondence among estimated areas and 
volumes with the same parameters reported by 
the National Hydraulic Resources Institute (INRH 
in Spanish). Same test was applied to find any 
significant correlation among water areas and 
volumes of the reservoirs and rain and evaporation 
for each studied period.

All statistical analyses were made using the 
XLSTAT software (version 2016.02.28451).

3. Results

3.1. Historic annual rain (1961–2020)

The historic annual rain (from 1961 to 2020) 
was 1330.9 ± 287.4 mm, with the greatest rain 
values in 1978 (1965.4 ± 142.1  mm) and 2007 
(1874 ± 173.1  mm). The lowest annual rain 
values were in 1962 (689.3 ± 99.1  mm) and 1965 
(693.1 ± 87.4 mm) (Figure 10). Mann-Kendal test 
did not find any significant tendency in the studied 
period (1961  – 2020). The same behavior was 
obtained with the Mann-Kendal test analysis for 
historic seasonal rain for the dry and wet seasons.

Figure 9. Histogram of coefficient of filtered retro dispersion.

Figure 10. Mean annual rain (1961 – 2020) in Chambas River Basin, Central Cuba. Dotted red line represents tendency (not 
significant). Black line represents mean rain for the entire period (1330.9 mm).
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Spatial distribution of annual rain in Ciego de Ávila 
Province showed that the Chambas River Basin is 
located in the areas with the greatest annual rain 
values (> 1340 mm) in the province (western part), 
while the lowest annual rain values (< 1150  mm) 
were recorded at the eastern part of the basin and 
in Cayo Coco island (Figure 5). Inside the basin, 
during the dry season, the highest rain values were 
recorded at the center (>310 mm) and the lowest to 
south (260–275 mm) (Figure 11). During the wet 

season, the highest rain values were found at the 
basin’s south and center portions (1090 mm) and 
the lowest (950–970 mm) to the north of the basin.

3.2. Water area of reservoirs

Figures 12  and 13  show the water area of the 
reservoirs (between the wet season of 2014  and 
the dry season of 2021), calculated using the 
NDWI and images RADAR methods. We added 

Figure 11. Spatial distribution of mean annual rain (mm) for Ciego de Ávila Province, central Cuba in the period 1961 – 2020.

Figure 12. Water area (km2) calculated by remote sensing methods and reported by the INRH in Cañada Blanca reservoir 
in the period 2014 – 2021. Black line represents the cumulative rain for each period (mm).
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the water area (for the same studied period) of 
each reservoir reported by the National Hydraulic 
Resources Institute (INRH in Spanish) and the 
mean rain for each period to Figures 6 and 7. A 
Kruskal-Wallis non-parametric test did not show 
any significant differences between measured 
water areas using remote sensing methods (RSM) 
and the reported area using AVE curve. However, 
water areas measured with RSM were smaller (for 
both reservoirs) than the reported area measured 
with AVE curve. For both reservoirs, mean water 
areas measured with NDWI and RADAR were 
19% and 8% smaller than the mean water area 
reported by authorities (INRH) for the same 
period.

Measured water areas of reservoirs varied 
seasonally, with a significant Spearman correlation 
(R=0.62  for Chambas II and R=0.61  for Cañada 
Blanca) with mean rain for each period inside the 
basin, only for water areas measured with RADAR 
images. In Chambas II reservoir, the greatest water 
area increases occurred (for both methods) from 
April to October of 2017  (2.8 km2 using NDWI 
and 3.8 km2 from RADAR method), while water 
area increase reported by authorities was 3.7 km2. 
In Cañada Blanca reservoir, these increases 
were 1.6 km2 using the NDWI and 2.6 km2 using 
RADAR; INRH reported an increase of 3.5 km2 of 
water area (Figures 14 and 15).

Figure 13. Water area (km2) calculated by remote sensing methods and reported by INRH in Chambas II reservoir in the 
period 2014 – 2021. Black line represents the cumulative rain for each period (mm).

Figure 14. Water area variation in Cañada Blanca and Chambas II reservoirs between April (A) and October of 2017 (B) 
measured by NDWI method.
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Figure 15. Water area variation in Cañada Blanca and Chambas II reservoirs between April (A) and October of 2017 (B) 
measured by RADAR method.

Figure 16. Water volume (millions of m3) calculated by remote sensing methods and reported by the INRH in Cañada 
Blanca reservoir in the period 2014 – 2021. Black line represents the cumulative rain for each period (mm).

Figure 17. Water volume (millions of m3) calculated by remote sensing methods and reported by INRH in Chambas II 
reservoir in the period 2014 – 2021. Black line represents the cumulative rain for each period (mm).
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3.3. Water volume of reservoirs
The static water storage capacity (water volume) 
of both reservoirs varied (as area) between seasons 
with the greatest volume in both reservoirs 
recorded in October of 2017 (30.5 million of m3 in 
Chambas II and 45.1  million of m3  in Cañada 
Blanca reservoir) (Figures 16 and 17). A Kruskal-
Wallis non-parametric test did not show any 
significant differences among measured water 
areas using both remote sensing methods (RSM) 
and reported area using AVE curve. In the case 
of water volume, the differences (not significant) 
among volumes were found in Chambas II, 15% 
lower with NDWI and 3% with RADAR methods 
than the volumes reported by the INRH (using 
AVE curve). For Cañada Blanca, water volume 
was 10% lower with NDWI but slightly higher 
with RADAR (2%). Both reservoirs did not show 

any significant correlation between volumes 
with the methods used nor with the use of rain or 
evaporation rates.

Similar to area, in both reservoirs, the greatest 
increase of water volume was documented from 
April to October of 2017  (between 23.0  and 
27.0  million of m3  in Chambas II and between 
26.0  and 33.0  million of m3  in Cañada Blanca) 
(Figures 10 and 11).

With the results obtained using remote sensing 
methods, empirical area – volume models were 
calculated for both reservoirs (Figure 18). These 
relations were calculated using a non-lineal 
regression method, as proposed by Lehner et  al. 
(2011) for more than 5000 reservoirs around the 
world.

Figure 18. Non lineal regression Area vs Volume for Chambas II rerservoir for NDWI (A), RADAR (B), C (INRH) and 
Cañada Blanca reservoir for NDWI (D), RADAR (E) and INRH (F).
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4. Discussion
This study is the first in Cuba directly related to 
water area and volume temporal variation using 
remote sensing methods in two water reservoirs.

Although remote sensing has been used as a new 
tool for monitoring water resources (Schwatke 
et al., 2019; Favoreto da Cunha et al., 2020; Nhat 
Quang et al., 2021) for some years, the use of these 
methods for water area and volume of reservoirs 
or lakes in Cuba is practically zero. Denis Ávila 
(2015) found the seasonal variation of vegetation 
cover associated with a water reservoir in eastern 
Cuba between 1978  and 2012  using Landsat 
images previously standardized and corrected; 
however, this research was different in objectives 
and results from our study.

The use of these RSM could help better 
management of water in reservoirs, particularly 
in developing countries like Cuba, where there 
are problems with management and operational 
processes (Rodrigues et  al., 2012; Batista Silva 
et al., 2016; Nhat Quang et al., 2021). Also, as it 
could occur in Cuba and other countries, database 
of reservoirs are not available to other economic 
and social sectors (as the scientific community for 
example), so the possibility to use RSM tools are, 
taking into account our results, feasible for others 
sector not directly related with water management 
(Wang et al., 2013; Naba Sayl et., 2017).

The total water areas calculated with the use 
of RSM for each studied period were not 
significantly different from calculated areas using 
the AVE curve and reported by water managers. 
So, the results of this study are reliable in terms of 
accuracy in respect to data reported by authorities. 
This behavior was homogenous for both methods 
and reservoirs, respectively. Some studies found 
up to 87% of differences between water areas 
calculated by RSM and those reported by water 
managers (Wang et al., 2013), which did not occur 
in this study. Although RSM was reliable for water 
area calculation, RADAR methods proved to be 
better. The NDWI has some disadvantages when 
compared to the RADAR method. In fact, one of the 
disadvantages that was most evident in this study 
(differences between measured areas using NDWI 
and RADAR methods) resulted from the designed 
algorithm that was used for the NDWI processing 
method. All images used in this algorithm were 

coming of multiband images composed by diverse 
bands corresponding to satellite instruments 
based on solar light (Chuvieco, 2008); so, this 
implies that to obtain these images, it is necessary 
the abcense of clouds and enough solar light to 
observe land surface (passive teledetection) (Jin 
et al., 2007; Di Bella et al., 2008; Martínez et al., 
2017). However, radar sensors obtain images 
using their own light spectra, which trough a 
reflextion process can work under any climatic 
condition (Polo, 2004), in a way that clouds can 
not damage image quality (active teledetection) 
(Martínez, 2005; Marchionni and Cavayas, 2014).

Over the study period (2014–2021), seasonal 
water area variation was highly dynamic (lower 
areas at end of the dry season and higher areas at 
end of the wet season) and in the case of RADAR 
methods, these variations were significant 
when correlated with mean annual rain for each 
period (Suleiman, 2014; Van Den Hoek et  al., 
2019). The statistical analysis did not show any 
significant differences with evaporation rate; 
the other variable out of the analysis (we could 
not access this database) was water volumes 
extracted from the reservoir, which is a potential 
cause of water and volume seasonal variation. 
The greatest and most significant water area and 
volume variation (for both reservoirs) during the 
study period was from April to October of 2017, 
mainly due to the rain volume in the wet season 
of 2017 (1178.7 mm), although the accumulative 
rain for each period showed a higher volume in 
the wet season of October of 2020 (1277.8 mm). 
For both wet seasons (2017 and 2020), cumulative 
rain volumes had were influenced of two tropical 
cyclones (Hurricane Irma in September of 
2017 and tropical storm Laura in August of 2020).

Like the water area, water volumes for each 
reservoir did not show any significant differences 
among water volumes measured using RSM and 
those reported by the authorities using AVE curve. 
The highest measured and reported water volumes 
(for both reservoirs) were at the end of the wet 
seasons of 2017  and 2020, coinciding with the 
greatest rain volumes for both periods (Haddeland 
et al., 2006; Döll et al., 2009; De Oliveira Xavier 
et  al., 2020). The lowest water volume for the 
studied period was in April of 2017, caused by the 
low annual rain volume (896.4  mm) reported in 
2016 (the lowest rain volume in the last decade).



REVISTA DE TELEDETECCIÓN  (2022) 60, 71-87

Valero-Jorge et al.

84

Some studies (Lehner and Döll, 2004; Lehner 
et al., 2011; Van Bemmelen et al., 2016; Favoreto 
da Cunha et  al., 2020) calculated area-volume 
models that are very useful to calculate stored 
water volumes using water areas measured through 
different methods as RSM. With our measured 
(by RSM) and reported areas (by authorities) of 
reservoirs, area – volume models using no – lineal 
regression methods were constructed. These 
models differed from the one proposed by Lehner 
et al. (2011), because these authors calculated the 
relation (area – volume for more than 5000 large 
reservoirs (more than 100 million m3). However, 
calculated models for RMS and the calculated 
model for AVE curve (official measures reported 
by authorities) showed a good correlation (with 
R2

 greater than 88%). These results could be used 
as a tool to calculate stored water in reservoirs, 
using only the water areas measured by RSM 
(Rodrigues et  al., 2012; Van Bemmelen et  al., 
2016; Favoreto da Cunha et al., 2020).

The present paper summarizes the seasonal water 
area and volume variations in two reservoirs using 
remote sensing methods and comparing the results 
with the values reported by local authorities 
(using AVE curve). These results show that RSM 
is a useful tool for monitoring water resources in 
Central Cuba, which could be extrapolated to the 
rest of the reservoirs (smalls and larges) of the 
country.

5. Conclusions

Cañada Blanca and Chambas II are two important 
water reservoirs that have been used for some 
economic and social activities of Ciego de 
Ávila province (Central Cuba). Remote sensing 
methods (using NDWI and RADAR images) 
were suitable means to obtain water area and 
volumes and their variations during the studied 
period. These results were consistent with those 
values reported by the INRH. Our results show 
that remote sensing methods are useful, acute and 
economic tools for monitoring of water surface 
in natural and artificial reservoirs, regardless of 
the advantages of RADAR method over NDWI 
method. The advantages of these methods are the 
low costs and reduction of the workload for post-
data processing and it has shown its economic 
efficiency for reservoir management, so, that 
there would be possibilities to react appropriately 

in the decision making process. While, largest 
limitations are related with spatial resolution 
and clouds cover (in the case of NDWI) and 
the internet access (low speed of connection) 
in Cuba. Large deviations of water area and 
volumes occurred during the dry season (lower 
values) and the wet season of 2017  (influenced 
by rain associated to of Hurricane Irma) and wet 
season of 2020 (influenced by rain associated to 
tropical storm Laura).

Calculated area – volume models with significant 
statistical correlation are another useful tool that 
could be used to improve water management in 
terms of accuracy and to increase reliable results 
in cases where gauge measurements are scarce or 
not available.
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