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New Approaches to Forest 
Monitoring using Remote Sensing

•Sampling approaches for the Boreal Zone
•Sampling approaches for the Tropical Zone
•Wall-to-wall global monitoring of forest change 
using Landsat
•Enhancing use of Landsat data
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Area affected 
by stand-
replacement 
fire (Québec, 
Canada)
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Humid tropical forest clearing from 2000 to 
2005 quantified by using multitemporal and 

multiresolution remotely sensed data

• Matthew C. Hansen, 
• Stephen V. Stehman, 
• Peter V. Potapov, 
• Thomas R. Loveland, 
• John R. G. Townshend,
• Ruth S. DeFries, 
• Kyle W. Pittman, 
• Belinda Arunarwati, 
• Fred Stolle, 
• Marc K. Steininger, 
• Mark Carroll,
• Charlene DiMiceli

PNAS 2008





Tropical deforestation rates (2000Tropical deforestation rates (2000--2005)2005)

�� Brazil and Indonesia confirmed as having the Brazil and Indonesia confirmed as having the 
highest rates of tropical deforestation.highest rates of tropical deforestation.

�� Brazil and IndonesiaBrazil and Indonesia
�� FRA estimates are 3.10 and 1.87 FRA estimates are 3.10 and 1.87 mhamha/year/year

�� New estimates 2.60 and 0.7 New estimates 2.60 and 0.7 mhamha/year./year.

�� Tropical African countries have Tropical African countries have less than one less than one 
thirdthird FAO (2005) estimates.FAO (2005) estimates.
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Global wall-to wall Landsat
resolution change detection

John Townshend
Chengquan Huang, Samuel N. Goward

Matthew C. Hansen, Jeffrey G. Masek, Compton J. Tucker



Global wall-to-wall change forest 
detection

• Funded proposal by NASA over 5 years.
• Wall to wall global analysis for landscape changes. 
• All images ortho-rectified and atmospherically corrected.
• Global analysis of forest cover change 

– Using Landsat for 2000-2005,1990-2000, 1975-1990.
– For all scenes with forest land cover.

• Now feasible to go global:
– Computing costs
– Improved algorithms
– Automated change detection
– Integrated use of MODIS and Landsat



Closed forest%

1% - 5%

5% - 25%

25% - 50%

50% - 75%

> 75%

12181% - 5%5

12015% - 25%4

120425% - 50%3

109050% - 75%2

594> 75%1

Number of WRS2 tilesPercent closed forest Category 

Products coverage

WRS tiles having at least 1% 
forest pixels, where each pixel is a 
MODIS pixel with VCF >= 30%



Advantages of SVM
• Non-parametric
• Designed to search for the optimal solution

– Other algorithms happy with a solution

• Performs better than other algorithms (Huang et 
al. 2002, Chan et al. 2001, Kuan et al. 2005)

SVM solution

Solutions by 
other algorithms



Land Cover Automation – Automatic 
Training Data Collection
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Monitoring Forest 
Cover Change in 

the Congo Basin –

The example of the
CARPE program



Mapping forest cover change

• Single-date Landsat imagery not viable
– Forests are located +/- 7 degrees latitude
– Cloud cover present in nearly all imagery
– Requires a multi-date compositing approach

• MODIS data enable the mass-processing 
of Landsat imagery
– MODIS forest characterizations can be used 

to normalize and label Landsat pixels for 
forest cover and change mapping



2000 Geocover



Anisotropy-adjusted



3-5 image inputs per path/row



•Use of dense stacks of 
Landsat data.

•Very high rates of 
harvesting of forests in 
large areas of the US

•BUT with little change 
in LU.

•Goward et al 2008 
(EOS March 11th)

•Feasible now in many 
parts of world with new 
download capabilities 
by USGS.

Forest Disturbance and North American Carbon Flux



Some take-home points

• Considerable improvements in techniques for 
information extraction.

• Synergistic use of sensors, e.g. Landsat-type 
and MODIS-type sensors.

• Key responsibility of agencies to supply users 
with ortho-rectified data and then 
atmospherically corrected, view-angle corrected 
data sets.

• Very different requirements for those interested 
in forests as a land use type and forests as a 
land cover type.



Thank you



Additional slides.



Land Cover Automation

• Traditional approach requires intensive human input

• Automation possible by
– Use of advanced machine learning algorithms

• Support vector machine (SVM)

– Automatic training data collection

Imagery

Derive
Training

Data

Land cover 
and change

products

Training
Data

Machine
Learning
Algorithm



ESDR-GFCC: Proposed deliverables

• Global fine resolution (< 100 m) surface reflectance 
ESDR for four epochs centered around 1990, 2000, and 
2005;

• Fine resolution (< 100 m) forest cover change (FCC) 
ESDR between the three epochs; 

• Fragmentation products derived from the fine 
resolution FCC products;

• Global 250-m vegetation continuous field (VCF) based 
FCC ESDR from 2000 to 2005;

• FCC ESDR products aggregated from the fine 
resolution and the 250 m FCC products to 250 m, 500 m, 
1 km, and 0.05° grids for use by carbon, biogeochemical 
and hydrological modelers;

• Subsets of the above products for protected areas of 
the world and their buffer zones. 



ESDR-GFCC process overview

VCF 
algorithm

VCF-based 
change 
analysis

250 m MODIS 
reflectance data 

2000-present

VCF tree cover 
ESDR

250 m, 2000-
present, annual

250m, 2000-
present, annual

VCF forest change 
ESDR

Moderate resolution ESDR processing flow

Internal FCC 
products

GLS DN images, 
1990, 2000, 2005

Fine resolution 
surface reflectance 

ESDR

1990, 30 m

2000, 30 m

2005, 30m

Supplemental 
images

Fragmentation 
change ESDR 

1990 – 2000, 30 m

2000 – 2005, 30 m

Fine resolution ESDR processing flow

Problem in 
consistency 
checking?

Supplemental 
training data

Existing land cover 
products

Fragmentation 
algorithms

Phenology 
adjustment for 

leaf-off Landsat 
images

Training data 
automation

Radiometric 
normalization

Orthorectification

LEDAPS/LC-ComPS processing

SVM

Validation using 
AeroNet, MODIS data

Fine resolution FCC 
ESDR

1990 – 2000, 30 m

2000 – 2005, 30 m

Leaf-off images 
Phenologically

adjusted to leaf-on

Yes
Validation using 

high resolution data 
sets, Landsat cubes,
Omission error for 

Tropical/ 
subtropical area

No

Legend Existing data sets Processes/algorithms DeliverableIntermediate products Validation activities

Additional training data for 
anywhere needed Consistency control

Not fully 
automated and 
could be time 

consuming



Change mapping approach

Imagery

Training
Data Automation

Land cover 
and change

products

Training
Data

SVM

Supervised Approach
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Kernel Perceptron
• What is Kernel Perceptron?

– Developed from the standard Support Vector 
Machine

– Kernel: A Neural Net with boosting, instead of 
the popular RBF kernel used in SVM

Support Vector MachineSupport Vector Machine

Perceptron Neural Net KernelPerceptron Neural Net Kernel

BoostingBoosting

Kernel 
Perceptron

Kernel 
Perceptron



Optimal 
boundaries

Optimal 
hyperplanes:
w×x + b = ±1
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Land Cover Automation – Automatic 
Training Data Collection

Automatic
Delineation

of core 
forest pixels

FI

Threshold 
FI

Suburban Richmond, VA



Changes in forests near Iguacu

Forest Loss {Red}.

Fire Occurrence Near Iguacu, 
Showing Fire in the Park and 
Neighboring Buffer Zone (FIRMS, 
2008) 



1972/ Landsat MSS1972/ Landsat MSS
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1990/ Landsat TM1990/ Landsat TM
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2000/ Landsat ETM+2000/ Landsat ETM+
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