
Investigaciones Geográficas, Boletín del Instituto de Geografía, UNAM
ISSN 2448-7279, núm. 91, 2016, pp. 168-175, dx.doi.org/10.14350/rig.56889

Toward a near-real time forest monitoring system [Technical note]
Received: 19th august 2016. Accepted in final version: 10th october 2016.

Jean-François Masa*
Richard Lemoine-Rodrígueza
Hind Taudab

a Centro de Investigaciones en Geografía Ambiental, Universidad Nacional Autónoma de México, Morelia, Michoacán. 
Antigua carretera a Pátzcuaro 8701, col. Ex-hacienda de San José de la Huerta, C.P. 58190, Morelia, Michoacán, tel.: 
(443) 3-22-35-35 ext. 32835, correo electrónico: jfmas@ciga.unam.mx
b Centro de Innovación y Desarrollo Tecnológico en Cómputo, Instituto Politécnico Nacional, Av. Juan de Dios Bátiz s/n 
esq. Miguel Othón de Mendizábal, col. Nueva Industrial Vallejo, del. Gustavo A. Madero, Ciudad de México, C.P. 07700.
* Corresponding author.

Cómo citar:

Mas, J.-F., R. Lemoine-Rodríguez and H. Taud (2016), “Toward a near-real time forest monitoring system [Tecnical 
note]”, Investigaciones Geográficas, núm. 91, Instituto de Geografía, UNAM, México, pp. 168-175, dx.doi.org/10.14350/
rig.56889.

INTRODUCTION

In the last decades, Mexico has experienced impor-
tant forest loss and degradation processes in both 
temperate and tropical forests (Mas et al., 2004; 
Velázquez et al., 2010). According to FAO (2010), 
deforestation rates in Mexico were 0.5% (354 
000 ha/year) during the period 1990-2000, and 
0.2% (155 000 ha/year) in 2005-2010. Wildfires, 
urbanization, excessive logging, the extension of 
areas dedicated to agriculture and livestock raising 
are the main causes of this phenomenon. The 
most important consequences of the loss of forest 
cover include the reduction in the environmental 
assets and services provided by ecosystems, global 
warming, alteration of biogeochemical and hy-
drological cycles, soil degradation and habitat loss 
(Velázquez et al., 2010).

During the last decades, significant efforts have 
been made to evaluate the rates of forest change in 

Mexico. These studies provide information about 
the changes that occurred during periods prior to 
the study. For example, the latest official report 
of the National Forestry Commission (Comisión 
Nacional Forestal, CONAFOR) about deforestation 
in Mexico is based on the land use and vegetation 
maps corresponding to Series IV and V, elaborated 
by the National Institute of Statistics and Geogra-
phy (Instituto Nacional de Estadística y Geografía, 
INEGI) with images captured in 2007 and 2011, 
respectively. Although these studies provide valua-
ble information to assess land use /cover change 
processes, the large time elapsed between the image 
acquisition and the detection of change areas make 
them unsuitable for taking immediate action regar-
ding these processes of change. This requires relying 
on change detection systems based on a continuous 
or very frequent monitoring of changes.

Some near-real time deforestation detection 
systems have been developed by taking advantage 
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of the very high temporal resolution of sensors such 
as MODIS (daily images). For example, the DETER 
system (Shimabukuro et al., 2011, 2012, Sistema 
de Detecção do Desmatamento na Amazônia Legal em 
Tempo Real: http://www.obt.inpe.br/deter/) enables 
the monitoring of deforestation in the Amazon. 
The system operates on a daily basis and delivers 
deforestation alert maps to the Brazilian Institute 
of Environment and Renewable Natural Resources 
(IBAMA) between one and five days after the date of 
acquisition of the MODIS image. However, the low 
spatial resolution of the sensor makes impossible to 
detect the smallest deforestation patches. Shima-
bukuro et al. (2006) report that the DETER system 
fails to detect deforestation areas of less than 15 ha, 
and identifies only one-third part of the deforested 
areas between 15 and 50 ha. In Mexico, where 
most deforested areas are small, this limitation is 
a major drawback. Detection systems of hot spots 
in near-real time, such as the Rapid Fire Detection 
Program of the National Commission for the 
Knowledge and Use of Biodiversity (CONABIO, 
2016) could prove extremely useful to supplement 
a more robust system, for the detection of wildfires 
or even deforestation that includes data of higher 
spatial resolution (Cruz-López et al., 2011).

Until recently, the improvement in the temporal 
resolution of satellite images represented a loss of 
spatial resolution, with sensors that cover a very 
wide strip of land over a short revisiting time, but 
with images of a considerably lower spatial resolu-
tion. The recent creation of satellite constellations 
allows capturing both spatially and temporary 
high-resolution images. This technical note outli-
nes the main characteristics of the Sentinel missions 

along with a simple application of the data derived 
from the Sentinel-2 satellite, and briefly discusses 
the potential and limitations of this type of data 
for forest monitoring in Mexico.

THE SENTINEL MISSIONS  
OF THE COPERNICUS PROGRAM

The European Space Agency (ESA) is currently 
developing six satellite missions known as Sentinel, 
which are intended to provide data about the Earth, 
the ocean and the atmosphere for environmental 
monitoring and surveillance of climate change for 
the European Copernicus program (previously 
known as GMES program, Global Monitoring for 
Environment and Security; Table 1).

Among the six missions, the Sentinel-1A, 
Sentinel-1B and Sentinel-2A satellites are already 
operating (Figure 1). Each of these missions -and 
those to be launched in the future- are intended to 
support the monitoring of particular phenomena 
(Table 1). Although the number of Sentinel data 
users is currently increasing, these images are poorly 
known by many sectors.

Sentinel-1 is a mission equipped with a Synthe-
tic Aperture Radar (SAR) operating at C-band, 
able to acquire data during day and night under 
all weather conditions. It offers a short revisiting 
period with prompt products delivery, at diffe-
rent resolutions (up to 5 m) and coverage (up to  
400 km). Sentinel-1 operates in four acquisition 
modes named “Strip map”, “Interferometric Wide 
Swath”, “Extra Wide Swath” and “Wave Mode”. 
It provides a dual polarization capacity: horizontal 

Table 1. Characteristics of the satellites of Sentinel missions.

Mission Satellite or instrument Sensor Objective Temporal resolution (days)

Sentinel-1 Polar-orbiting satellite C-band Synthetic 
Aperture Radar (SAR) 

Landslides, fires, 
floods and ice 
melting

12 with one satellite;
6 with 2 satellites

Sentinel-2 Polar-orbiting satellite

Multispectral 
Instrument (MSI)
Continuation of SPOT 
and Landsat

Land-use change, 
agriculture, fire, 
humanitarian 
assistance

10 with one satellite;
5 with 2
satellites
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Mission Satellite or instrument Sensor Objective Temporal resolution (days)

Sentinel-3 Near-polar orbiting 
satellite 

-Ocean and Land Color 
Instrument (OLCI)
-Sea 
and Land Surface 
Temperature 
Radiometer
(SLSTR)
- Synthetic Aperture 
Radar (SAR)
- Altimetry (SRAL)
- Microwave 
Radiometer (MWR)

Surveillance 
and monitoring 
of vegetation, 
sea surface 
topography and 
oceanographic 
studies

1-2

Sentinel-4

Instrument on board of 
the stationary orbiting
Meteosat Third 
Generation satellite 

Spectrometer

Chemical 
composition of 
the atmosphere 
and air quality

1 hour (only Europe and 
Northern Africa)

Sentinel-5

Instrument on board of 
polar-orbiting MetOp 
Second Generation 
satellite

Spectrometer

Monitoring of 
the ozone hole 
and tropospheric 
pollution

1

Sentinel-6
Radar Altimeter to 
follow the Jason-2 
mission

High-precision radar 
altimeter

Sea levels, velocity 
and direction of 
marine currents 
and heat stored in 
the ocean

10

Table 1. Continued.

Figure 1. Scheduled launch dates 
and operation period of satellites 
in Sentinel missions.

2014  2015   2016    2017     2018      2019       2020        2021     2022     2023   2024  2025     2026     2027

In-orbit commissioning

Sentinel-1A
Sentinel-1B (recurrent)

Sentinel-2A

Sentinel-1C (recurrent)
Sentinel-1D (recurrent)

Sentinel-2B (recurrent)
Sentinel-2C (recurrent)

Sentinel-2D (recurrent)

Sentinel-3A
Sentinel-3B (recurrent)

Sentinel-3C (recurrent)
Sentinel-3D (recurrent)

Sentinel-4A

Sentinel-4B

Sentinel-5

Sentinel-5A

Sentinel-6A

Sentinel-6B
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(H) and vertical (V). In general, HH and HH-HV 
polarizations aim at monitoring the polar regions 
and sea ice, while VV-VV and VH polarizations 
encompass all other observation areas (ESA, 2013). 
With these modes and polarization modalities, 
Sentinel-1 implements a predefined and pre-
programed observation scenario to provide data 
with preference to the European Union member 
states. It ensures the continuity of the ERS/Envi-
sat missions, considering the requirements of the 
scientific community, international partners and 
cooperation activities.

The Sentinel-2 mission is dedicated to envi-
ronmental monitoring, land use / cover changes, 
agriculture and response to natural disasters. Its 
relevance lies in providing continuity to SPOT and 
Landsat missions, but also improving the spatial 
and temporal resolution of these missions. As 
shown in Table 2, the Sentinel-2 visible and near 

infrared bands are very similar to the bands of the 
two active Landsat satellites (7 and 8) and SPOT 
6 and 7. The Sentinel-2 mission is more similar 
to Landsat than to SPOT, except for the spectral 
thermal band of Landsat. 

With the integrated mission of SPOT 6 and 
SPOT 7, the imagery acquisition capacity has in-
creased to the extent that any point of the Earth 
can be observed every day at high resolution. 
Actually, depending on the acquisition angles, the 
temporal resolution ranges between one day and 
thirteen days. The spatial resolution of multispec-
tral bands of these satellites is 6 m, except for the 
panchromatic band. However, SPOT images are 
not freely accessible which represents a limitation 
on the use of such data.

Satellites Landsat 7 and Landsat 8 have a 16-day 
orbital cycle. The spatial resolution of multispec-
tral and panchromatic bands is 30 m and 15 m, 

Landsat 7 ETM+ Landsat-8 OLI Sentinel-2 MSI Spot 6 y 7

Number of 
bands 8 11 13 5

Bands and 
Wavelength
(µm)

- 1 (coastal aerosol)
0.435-0.451

1 (coastal aerosol)
0.43-0.45 -

1 (blue) 0.441-0.514 2 (blue) 0.452-0.512 2 (blue) 0.46-0.52 1 (blue) 0.45-0.52

2 (green) 0.519-0.601 3 (green) 0.533-0.590 3 (green) 0.54-0.58 2 (green) 0.530-0.59

3 (red) 0.631-0.692 4 (red) 0.636-0.673 4 (red) 0.65-0.68 3 (red) 0.625-0.695

- - 5 (NIR) 0.70-0.71 -

- - 6 (NIR) 0.73-0.75 -

4 (NIR) 0.772-0.898
- 7 (NIR) 0.77-0.79

4 (NIR) 0.76-0.89
- 8 (NIR) 0.78-0.90

5 (NIR) 0.851-0.879 8a (NIR) 0.86-0.88 -

- - 9 (SWIR) 0.93-0.95 -

- 9 (cirrus) 1.363-1.384 10 (cirrus) 1.37-1.39 -

5 (SWIR1) 1.547-1.749
7 (SWIR2) 2.064-2.345

6 (SWIR1) 1.566-1.651
7 (SWIR2) 2.107-2.294

11 (SWIR1) 1.57-1.66
12 (SWIR2) 2.10-2.28 -

6 (TIR) 10.40-12.50 10 (TIR1) 10.60-11.20
11 (TIR2) 11.50-12.50 - -

8 (PAN) 0.515-0.896 8 (PAN) 0.500 - 0.680 - (PAN) 0.45-0.745

Table 2. Characteristics of Landsat 7 and 8, Sentinel-2 and SPOT 6 and 7 satellites (adapted from Duro Santos and 
Gonçalves, 2014).
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respectively. Therefore, Landsat missions are exce-
eded by Sentinel-2 in both temporal and spatial 
resolution. However, the historical archive of the 
Landsat scenes will continue being useful and may 
be supplemented with Sentinel images. Optical 
images derived from Sentinel-2 could revolutionize 
the studies of Earth´s surface, since images with 
such high spatial, temporal and spectral resolutions 
have never been freely available.

The Sentinel-2 mission consists of a constella-
tion of two identical satellites in the same orbit 
(Sentinel-2A and Sentinel-2B) to optimize terres-
trial coverage, making possible a high temporal 
resolution. With a single satellite, the revisiting 
period is ten days at the equator, and with both 
satellites, it is five days; this period is reduced to 
2-3 days at medium latitudes. The spatial resolution 
of Sentinel-2 is 10 m, 20 m and 60 m, depending 
on the spectral bands (Table 2). Under optimal 
operation, the Sentinel-2 mission provides a broad 
coverage, including continental land areas, coastal 
waters, islands and inland seas, assuring the total 
coverage of Latin America (ESA, 2015). 

Sentinel-2 data are available for users at three 
processing levels: 

•	 1B:radiometric correction at the top of the 
atmosphere (radiance values) in the sensor’s 
geometry.

•	 1C: radiometric correction at the top of the 
atmosphere (reflectance values) with carto-
graphic geometry that includes elevation data 

(ortho-rectification) and masks of land, water 
bodies and clouds.

•	 2A: radiometric correction at the bottom of 
the atmosphere (reflectance values) with carto-
graphic geometry that includes elevation data 
(ortho-rectification) and a basic classification 
of pixels (including classes for the different 
types of clouds; ESA, 2015).

One of the advantages of the Sentinel missions 
is the free availability of imagery through various 
platforms. Images can be obtained from the Co-
pernicus scientific center website (https://scihub.
copernicus.eu/), from the USGS EarthExplorer ser-
ver (http://earthexplorer.usgs.gov/), by using scripts 
in python consoles, and from open-code plugins 
available for different Geographical Information 
Systems, such as QGIS (http://www.qgis.org/). The 
interest in using these plugins is that users are able 
to download subsets of interest (granules), and save 
processing time and data space. In addition, they 
enable users to perform automated processing of 
images while downloading them.

QUANTIFYING A WILDFIRE  
IN NEAR-REAL TIME

A series of wildfires occurred from 28 April to 
3 May 2016 in Cerro de la Cruz, an important 
protected natural area adjacent to Uruapan city in 
the state of Michoacan. These wildfires gave rise to 
confusion and suspicion in the population because 

Landsat 7 ETM+ Landsat-8 OLI Sentinel-2 MSI Spot 6 y 7

Spatial 
resolution

30 m VIRC
15 m Pan

60 m (30) TIR

30 m VNIR 
15 m PAN

100 (30) m TIR

10 m (2, 3, 4, 8) 
20 m (5, 6, 7, 8a, 11, 12) 

60 m (1, 9, 10)

1.5 m PAN
6m (1, 2, 3, 4)

Coverage 
width 185 km 185 km 290 km 2*60 km

Temporal 
resolution 
(days)

16
8 with Landsat 7 and 8

16
8 with Landsat 7 and 8

10
5 with Sentinel-2A  

and 2B

26
13 with SPOT 6 

and 7

NIR= near infrared, SWIR= short-wave IR, TIR= thermal infrared, VNIR= visible near-infrared, and PAN = panchromatic.

Table 2. Continued.
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it is hypothesized that these were caused intentio-
nally, possibly to facilitate land use change from 
forest to avocado orchards. CONAFOR reported a 
preliminary area of 250 ha of forest affected by fire.

A Sentinel-2 image taken on 5 May was made 
available to users the next day. Its immediate in-
terpretation allowed to delimit the area affected by 
wildfire, which was evaluated in 460 ha (Figure 2). 
The interpretation of an image captured before the 
wildfire allowed determining that the fire affected 
approximately 370 ha of forested areas and 90 ha 
of herbaceous and shrub areas.

STRENGTHS AND LIMITATIONS 
OF SENTINEL DATA FOR FOREST 
MONITORING

Images from the Sentinel missions have features 
that make them useful for monitoring deforesta-
tion. Particularly, the images are freely available for 
download soon after being acquired. Furthermo-
re, the temporal and spatial resolution of images 
provide the ability to develop an automated defo-
restation monitoring system, including treatment 
through combinations of the different types of 

Sentinel images (for example, radar and optical 
imagery).

However, it is important highlight that develo-
ping automated systems can lead to errors due to 
the complexity of the landscape, as in the case of 
Mexico, and spectral confusion between the various 
types of land cover (Mas et al., 2016). In most cases, 
such systems produce maps of areas that could have 
possible changes. These processed images should be 
analyzed through visual interpretation and, in some 
cases, supplemented with field data to differentiate 
patches of deforestation from other types of change 
(phenological changes, for example). The detection 
model would have to be calibrated to balance bet-
ween errors of omission and commission. Highly 
conservative systems might limit the number of 
commission errors (false alerts), but might omit 
true deforestation. By contrast, sensitive systems 
may detect most cases of deforestation with a large 
amount of false changes.

In this regard, a detection system based only on 
remote sensing data might yield unreliable results. 
Therefore, the collection of field data in near-real 
time is also essential to evaluate and supplement 
the information obtained through remote sensing. 
To this end, the use of citizen participation systems 

Figure 2. Cerro de la Cruz before (left) and after (right) the wildfire. The forest area of Cerro de la Cruz is marked in black 
and the area affected by fire in yellow. Composite 12-8-2 of the Sentinel-2 image, highlighting the vegetation cover in 
green; areas affected by wildfire in black and urban infrastructure in white-purple.
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represents a great potential (IPGH, in press). For 
example, Pratihast et al. (2016) and DeVries et al. 
(2016) described a monitoring system of forests in 
near-real time based on the web and implemented 
in the Kafa biosphere reserve, in Ethiopia. The 
system employs four geographic information le-
vels: 1) continuous acquisition of remote sensing 
data and community monitoring carried out using 
mobile devices; 2) near-real time detection of forest 
disturbance based on the analysis of satellite data 
time series; 3) presentation of forest disturbance 
data through a web application and social media, 
and 4) interaction between forest disturbance alerts 
and the community of users to improve field data 
collection. The data obtained by local experts inclu-
de the characterization of changes, its geographical 
location and photographs obtained with mobile 
phones equipped with a GPS. The authors conclu-
de that supplementing remote sensing data with 
information recorded by the community allowed 
a substantial improvement of a monitoring system 
based only on remote sensing data.

CONCLUSIONS

Due to their characteristics, the images captured 
by Sentinel satellites have a large capacity in moni-
toring dynamic phenomena of the Earth’s surface, 
such as deforestation. The free availability of new 
sources of remote sensing data with high temporal, 
spectral and spatial resolution, as well as the emer-
gence of new technologies such as mobile phones 
equipped with cameras and GPS, are changing the 
way of monitoring environmental processes, such 
as land use / cover change.

These new conditions offer the opportunity to 
advance from centralized delayed-response systems 
managed by specialists in government agencies or 
academic institutions, to more flexible systems (in 
near-real time) that are more democratic since they 
incorporate the knowledge from more sectors of 
society. Such systems are both promising and cha-
llenging, considering that they represent a source 
for collecting huge amounts of data. Therefore, 
the quality of the resulting information may be 
difficult to control. It is crucial that governments 

continue supporting free access to information 
obtained through new technologies. As a result, the 
number of users, potential applications and infor-
mation available will grow considerably, allowing 
detailed consistent studies on the monitoring of 
environmental changes.

REFERENCES

Comisión Nacional para el Conocimiento y Uso de la 
Biodiversidad (CONABIO) (2016), Puntos de calor 
detectados con imágenes de satélite). [http://incen-
dios1.conabio.gob.mx/].

Cruz-López, M. I., López-Saldaña, G., Ressl, R. y 
Colditz, R. (2011), Sistema de alerta temprana para 
incendios forestales en México, en Mas, J.-F. (coord.), 
Aplicaciones del sensor MODIS para el monitoreo del 
territorio, SEMARNAT, INE, CIGA, México, D.F., 
pp. 145-171.

DeVries, B., Pratihast, A. K., Verbesselt, J., Kooistra, L. 
y Herold, M. (2016), Characterizing Forest Change 
Using Community-Based Monitoring Data and 
Landsat Time Series, PLOS ONE, vol. 11, núm. 3, 
e0147121. DOI:10.1371/journal.pone.0147121.

Duro Santos, N. y Gonçalves, G. (2014), “Remote 
sensing applications based on satellite open data 
(Landsat8 and Sentinel-2)”, Conferência Nacional 
de Geodecisão, Barreiro, 15 y 16 de mayo de 2014.

ESA (2013), Sentinel-1 User Guide. Standard Document. 
[https://sentinel.esa.int/documents/247904/685163/
Sentinel-1_User_Handbook].

ESA (2015), Sentinel-2 User Guide. Standard Document. 
[https://sentinel.esa.int/documents/247904/685211/
Sentinel-2_User_Handbook].

Food and Agriculture Organization (FAO) (2010), 
Evaluación de los recursos forestales mundiales 2010. 
Informe principal, Roma, Italia. [http://www.fao.
org/docrep/013/i1757s/i1757s.pdf ].

IPGH, in press, special number of Revista Cartográfica on 
volunteered geographic information, Instituto Pana-
mericano de Geografía e Historia http://comisiones.
ipgh.org/CARTOGRAFIA/revista-cartografica.html

Mas, J.-F., Velázquez, A., Díaz-Gallegos, J., Mayorga-
Saucedo, A., Alcántara, C., Bocco, G., Castro, R., 
Fernández, T. y Pérez-Vega, A. (2004), “Assessing 
land use/cover changes: A nationwide multidate 
spatial database for Mexico”, International Journal 
of Applied Earth Observation and Geoinformation,  
vol. 5, núm. 4, pp. 249-261.

Mas, J.-F., Couturier, S., Paneque-Gálvez, J., Skutsch, 
M., Pérez-Vega, A., Castillo-Santiago, M. A. y 
Bocco, G. (2016), “Comment on Gebhardt et al. 



Investigaciones Geográficas, Boletín 91, 2016 ][ 175

Toward a near-real time forest monitoring system [Technical note]

	 MAD-MEX: Automatic Wall-to-Wall Land Cover 
Monitoring for the Mexican REDD-MRV Program 
Using All Landsat Data. Remote Sensing 2014, 6, 
3923-3943”, Remote Sensing, núm. 8, p. 533. [http://
www.mdpi.com/2072-4292/8/7/533].

Pratihast, A. K., DeVries, B., Avitabile, V., de Bruin, 
S., Herold. M. y Bergsma, A. (2016), “Design and 
Implementation of an Interactive Web-Based Near 
Real-Time Forest Monitoring System”, PLOS ONE, 
vol. 11, núm. 3, e0150935. DOI:10.1371/journal.
pone.0150935.

Shimabukuro, Y. E., Duarte, V., Anderson, L., Valeria-
no, D., Arai, E., Freitas, R., Friedrich Rudorff, B. 
y Moreira, M. (2006), “Near real time detection of 
deforestation in the Brazilian Amazon using MODIS 
imagery”, Revista Ambiente & Água, vol. 1, núm. 1, 
pp. 37-47. [http://www.ambi-agua.net/seer/index.
php/ambi-agua/article/view/13/pdf_58].

Shimabukuro, Y. E., dos Santos J. R., Bernardo F. T., 
Rudorff, Arai, E., Duarte, V. y Lima, A. (2011), 
“Detección operacional de deforestación y de áreas 
quemadas en tiempo casi real por medio de imágenes 
del sensor MODIS”, en Mas, J.-F. (coord.), Aplicacio-
nes del sensor MODIS para el monitoreo del territorio, 
SEMARNAT, INE, CIGA, México, D.F., pp. 123-143.

Shimabukuro, Y. E., dos Santos J. R., Formaggio A. R., 
Duarte V. y Theodor R. V. F. (2012), “The brazilian 
amazon monitoring program: PRODES and DETER 
projects”, en Archard, F. y Hansen, M. C. (eds.), 
Global forest monitoring from earth observation, CRC 
Press, pp. 167-183.

Velázquez, A., Mas, J.-F., Bocco, G. y Palacio-Prieto, J. 
L. (2010), “Mapping land cover changes in Mexico, 
1976-2000 and applications for guiding environmen-
tal management policy. Singapore”, Journal of Tropical 
Geography, vol. 31, núm. 2, pp. 152-162.


