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Measuring deforestation & degradation in the Tropics

using Earth Observation techniques

• Monitoring deforested area

– Can be done with confidence, variety of methods

• Monitoring degraded forest area

– Important but more challenging

• Monitoring carbon stock changes

– Already established in IPCC + use of remote sensing



1. Selection of data and methods

• Medium resolution (250m - 1km) for annual monitoring of large

events

• High resolution (10m - 60m) for change estimates over 5-10

years

• Very high resolution (1 m – 5 m) for verification on limited areas

2. Examples of monitoring system at national to regional / global

scales

• Brazilian / Indian surveys

• JRC / FAO remote sensing surveys
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Global observations for regional forest mapping

Sumatra : SPOT-VGT (1km) in 2000 versus MODIS (250m) in 2004



Deforestation due to agricultural intensification

in Rondonia  between 1990 and 1997



SPOT HRV 10 m resolution March 2005 (image source JRC, data source CNES )



SPOT HRV 2.5 m resolution March 2005 (image source JRC, data source CNES )

IKONOS 1 m resolution 1999
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1980s: Landsat MSS (80m)

Availability of high resolution satellite imagery

1990s: Landsat TM (30m)
2000: Landsat ETM+

(15m)

• Global Landsat mosaics produced from NASA

- around-years 1990 and 2000

- in production for 2005/2006

- available at: https://zulu.ssc.nasa.gov/mrsid/mrsid.pl

• 27,841 images are available at Global Land Cover Facility

2. Recent data: availability is good where sufficient cloud-free periods or ‘dry seasons’

1. Historical datasets: free Global Landsat coverage for 1980s, 1990s and 2000



Accuracy of change estimates

from high resolution satellite imagery

“ Accuracies of 80 to 95 % are achievable for monitoring with high resolution

imagery to discriminate between forest and non-forest. “

“ Accuracies can be assessed through in-situ observations or analysis of very

high resolution aircraft or satellite data. In both cases, a statistically valid

sampling procedure (Strahler et al. 2006) can be used to determine accuracy. “

Accuracies are higher in the evergreen forest domain than in the dry forest domain.

Accuracies are higher for deforestation than for degradation.

The only regional study on selective logging (Asner et al, Science, 2005) led to

uncertainty of 14% in total logging area in Brazilian Amazon.



1. Selection of data and methods

2. Examples of monitoring system at national to global scales

• Brazilian / Indian surveys

• Wall to wall

• Yearly / 2-years period

• JRC / FAO remote sensing surveys

• 10-years periods

• Sample based (10% - 6%)

Monitoring deforested area at national to global scales



Ref: INPE, Mapeamento do Desmatamento da Amazônia com Imagens de Satélite, 2003

The wall-to-wall operational system of INPE over Brazilian Amazonia



Deforestation estimates for Brazilian Amazonia

Refs: INPE, Monitoring of the Brazilian Amazonian Forest by Satellite, 2002



National level examples21050
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Forest assessments completed by the Forest Service of India 

Annual deforestation rates for the Brazilian Amazon 

Results at national level: Brazilian and Indian examples



FAO FRA 1990-2000 pan-tropical remote sensing survey



JRC TREES-II 1990-1997 remote sensing survey



Comparison of estimates of net change at pan-tropical level

-5.6 ±2.7-8.3 ±2.6-12.0-4.9 ±1.3-6.4Global

-3.2 ±1.2-4.1 ±2.2-4.4-2.2 ±1.2-2.7Latin America

-0.4 ±0.3-2.2 ±0.8-5.2-0.7 ±0.3-1.2Africa

-2.0 ±1.2-2.0 ±1.2-2.4-2.0 ±0.8-2.5South East Asia
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Options for future monitoring : Systematic sampling

• Number of sampling units in the tropics: ~ 3000

• Distance between sample units = 1 degree



Systematic sample based on geographical lat-long grid

1990 2000 Change



Automated change assessment methods

1990 2000 Change



1. Choice of methods

“Various methods are available and appropriate to analyze

satellite data for measuring changes in forest area”

2. Satellite data availability

“Key constraints in implementing national systems for

monitoring changes in forest area are cost and access

to high resolution data”

Conclusions



 Summary of advantages

1. Based on routine technology
- JRC TREES : pan-tropical deforestation estimates

- INPE Brazil : national forest monitoring

- FAO FRA : global forest resource assessment

2. Spatially and temporally explicit information allowing:

Quantitative estimates including precise location of boundary and area

Local field control

Integration into regional statistics

3. Source data are often free & online

(when field control of large areas costly)

Most the data are publicly available & visible

4. Traceable and open to scrutiny

Documented

Based on objective independent source data

Repeatable


