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• Ecosystem  services  are  the  benefits  people  obtain  from  
ecosystems. 

• These include provisioning services such as food and water; 
regulating services such as  flood  and  disease  control;  
cultural  services  such  as  spiritual,  recreational, and  
cultural  benefits;  and  supporting  services,  such  as  
nutrient  cycling,  that maintain the conditions for life on 
Earth.

Ecosystem Services









• Preserving ecosystem services means preserving ecosystems through 
sustainable management, restoration, and decreasing or stopping 
further loss.

Ecosystem Services

Diario Voces, Peru. Diario La Hora, Ecuador.



• Ecosystem extent and 
fragmentation

• Level of disturbance

• Primary productivity

Indicators of Ecosystem health



CBD is an Intergovernmental agreement signed in 1992 to 
promote actions to preserve biological diversity

Strategic Plan Indicators to reduce the direct pressures on
biodiversity and promote sustainable use:
1. Trends in extent, condition and vulnerability of ecosystems
2. Trends in fragmentation
3. Trends in proportion of habitat loss, degradation
4. Trends in primary productivity

The Convention on Biological Diversity (2011-2020)
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Bswm.maps.da.gov.ph

Traditionally, maps were manually drawn from image 
interpretation and field knowledge.
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Landsat.gsfc.nasa.gov

USGS.gov

Remote Sensing



What is remote sensing?
Remote Sensing is the practice of deriving 
information about the earth’s land and water 
surfaces through the analysis of reflected or emitted 
electromagnetic radiation from the Earth’s surface.



The Sun produces a full 
spectrum of 
Electromagnetic radiation, 
that is transmitted, 
reflected or absorbed by 
earth’s atmosphere and 
surface



Electromagnetic radiation

Electromagnetic radiation is the flow of 
photons (also called light quanta) through 
space. Measured in watts per steradian
per square meter W·sr−1·m−2



Spectral Differentiation

Refers to the observed spectral differences in 
the energy reflected or emitted from features of 
interest. Spectral differences allow us to detect 
features based on their spectral response.



Spectral Differentiation
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NASA operates thirty (30) 
optical and radar sensors that 
are orbiting the earth and 
collecting hourly, daily, weekly 
and bi-weekly spectral 
information for the entire earth’s 
surface.



A satellite 
image from 
Landsat 
OLI sensor



Spatial 
Resolution



Data sources:
NASA/USGS LPDAAC - https://lpdaac.usgs.gov/

NASA/USGS Earth Explorer - http://earthexplorer.usgs.gov/

Agencia Espacial de Brasil - http://www.aeb.gov.br/

Agencia Espacial Argentina - http://www.conae.gov.ar/

ABAE (Venezuela) – http://www.abae.gob.ve

https://lpdaac.usgs.gov/
http://earthexplorer.usgs.gov/


Image Processing
techniques



TRUE COLOR COMPOSITE (RGB 321)

Band designations for Landsat 7



Imágenes de falso color



Land cover mapping through satellite 
image analysis is a process that takes 
advantage of the spectral differentiation 
of land covers and assigns a land cover 
class to each pixel based on its spectral 
values.

Land cover mapping using satellite images

This process is called “Image Classification”

The result is a thematic map (a map 
divided by classes).



Image Classification







Normalized Difference 
Vegetation Index- NDVI

NRM 6303

•Uses the inverse relationship between red and near-infrared 
reflectance associated with healthy vegetation. Normalizes index 
between -1 and +1 values. Healthy vegetation generally falls 
between values of 0.20 to 0.80

NIR-Red
NIR+Red

NDVI =
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Usgs.gov
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FIGURE 8–43a NDVI composite image derived from MODIS data acquired from February 1, 2012, to March 1, 2012. The darker the green, the higher the 
NDVI value and the greater the leaf-area-index (LAI) and biomass. 



FIGURE 8–43a NDVI composite image derived from MODIS data acquired from February 1, 2012, to March 1, 2012. The darker the green, the higher the 
NDVI value and the greater the leaf-area-index (LAI) and biomass. 



Monitoring
Ecosystem health













Red channel
wavelengths



Infrared channel
wavelengths



NDVI
2001





NDVI
2001



NDVI
2014



Traditional strategies for ecosystem monitoring

• Aerial photo or satellite image interpretation. Performed
usually once every decade. 

Fao.org
Docs.qgis.org



Traditional strategies for ecosystem monitoring

• Automated image classification. Annual, biannual or
bidecadal assessments. 



Traditional strategies for ecosystem monitoring

Nicaragua

• Automated image classification. Annual, biannual or
bidecadal assessments. 



Landsat Program (NASA)

• Series of Earth Observation
satellites with a spatial
resolution of 30 m and temporal 
resolution of 16 days. 

• Global data being collected since
1972. The Landsat program is
still active.



Landsat:
Change Detection

Achard et al. 2002 Determination of deforestation rates of the world's humid 
tropical forests. Science, Aug 9, 297 (5583):999-1002.



Landsat:
Change Detection



El Programa MODIS (NASA)

Moderate Resolution Imaging Spectrometer (MODIS)
• A bordo de los satélites Terra and Aqua (AM/PM); resolución 
temporal de 1-2 días; 36 bandas



Moderate Resolution Imaging Spectrometer
(MODIS)



MODIS:
Global and regional assessments



MODIS:
Global and regional assessments



MODIS: Active fire detection

Firecast.conservation.org



Light Detection and Ranging (LiDAR)







UN-FAO: Land cover national assessments using image
classification techniques



PRODES y DETER systems (INPE, Brasil)

The Brazilian Space Agency manages a system for providing annual
forest cover change data (PRODES) and a system for the detection of 
forest disturbances in real time (DETER, every 16 days).



Recent advancement in satellite image acquisition
and processing capabilities

• Global free availability of Landsat and MODIS 
imagery through NASA/USGS repositories

• Corrected and processed products such as spectral
indices, cloud-free products and fire detections.

• Image processing through “cloud computing”: Google 
Earth Engine.



Global Forest Watch (GFW) 

Detects abrupt annual changes in forest primary productivity
estimates from Landsat pixel values (30-m pixel resolution)



Global Alert System (FORMA - GFW)

Detects bimonthly changes in MODIS Primary productivity pixel 
values (500 m resolution, 16-days). Includes fire detections. 



Terra-i

Similar to the FORMA system (MODIS). Detects forest cover
changes every 16 days at 250-m pixel resolution. 



Monitoring system using R-package BFAST (for
Landsat data)

Verbesselt et al. 2012



Establishing a ecosystem observation system using RS

• Technicalcapabilities in image processing (trained and experienced
personnel).

• Well structured organization and well-defined protocols for
measuring, reporting and validation of results.

• Computational capabilities (high performance computers, broad
bandwidth internet connectivity).



• Continuous institutional, political and financial support. 

• Ability to adapt and upgrade to new technologies.

• Transparency.

Establishing a ecosystem observation system using RS



Assessing the 
capabilities in Latin 
America

Paises en desarrollo
Challenges for the implementation of remote sensing 

systems
Belize High
Ecuador High
Haiti High
Honduras High
Panama High
Salvador High
Bolivia Intermediate
Colombia Intermediate
Costa Rica Intermediate
Cuba Intermediate
Guatemala Intermediate
Guyana Intermediate
Nicaragua Intermediate
Paraguay Intermediate
Peru Intermediate
Republica Dominicana Intermediate
Trinidad y tobago Intermediate
Venezuela Intermediate
Argentina Low
Brazil Low
Mexico Low
Uruguay Low

• Assessment in the
context of REDD+

• Romjin et al. 2012. 
Environmental Science and 
Policy.
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Capacity building in Latin America

• Foster the development of research on the implementation of near real time 
ecosystem observation systems in each country. 

• Create the institutions, centers or departments dedicated to this task. 

• Develop the legal mechanisms to secure long term political and financial support. 

• From the start, methods should include connections with local governmental and 
non-governmental institutions in charge of environmental protection and 
territorial planning (agricultura, urban environmental and tourism). 



Questions?

DR. CARLOS PORTILLO QUINTERO
DEPARTMENT OF NATURAL RESOURCES MANAGEMENT, 
TEXAS TECH UNIVERSITY, USA.
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