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Talk overview

• What is Validation?
• Jeff Morisette (NASA GSFC) talk at Montana 

workshop in Aug. 2006 (vivid blue)

• Experience with LAI validation
• Sébastien Garrigues (University of Maryland) talk 

at Montana workshop in Aug. 2006 (light blue)

• Generating validation data on land cover 
and its change at NELDA sites

• VCF products



Validation:
the process of assessing by independent means the 

quality of the data products derived from the 
system outputs
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(LPV will operates under this definition, but also with 
the understanding that validation activities should 
consider user accuracy needs and feedback to 
algorithm improvements.)

CEOS WGCV DefinitionCEOS WGCV Definition
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CEOS validation “hierarchy”CEOS validation “hierarchy”

• Stage 1 Validation: Product accuracy has been estimated 
using a small number of independent measurements
obtained from selected locations and time periods and ground-
truth/field program effort. 

• Stage 2 Validation: Product accuracy has been assessed over 
a widely distributed set of locations and time peri ods via 
several ground-truth and validation efforts. 

• Stage 3 Validation: Product accuracy has been assessed and 
the uncertainties in the product well established via independent 
measurements through a systematic and statistically robust 
sample representing global conditions. 



LPV PublicationsLPV Publications
Special Issue on 

Global Land Product Validation 
(Morisette, Baret, and Liang guest editors

IEEE TGARS July 2006, vol. 44, no. 7

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

“Best Practicies” for Global Land 
Cover Validation

Strahler Boschetti, Foody, Friedl, Hansen, 
Herold, Mayaux, Morisette, Stehman, Strahler,
& Woodcock



Field data High resolution imagery

High resolution 
“Product”

Moderate resolution
“Product”

A B

C D

Transfer
function

Aggregate
&

Relate

R
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Accuracy Assessment
for one product, at one site, at one point in time

Current Validation FrameworkCurrent Validation Framework



Global Vegetation Workshop, University of Montana

• CEOS/WGCV subgroup created in 1999 to �I�R�V�W�H�U���T�X�D�Q�W�L�W�D�W�L�Y�H���Y�D�O�L�G�D�W�L�R�Q���R�I���K�L�J�K���O�H�Y�H�O��
�J�O�R�E�D�O���O�D�Q�G���S�U�R�G�X�F�W�V���G�H�U�L�Y�H�G���I�U�R�P���U�H�P�R�W�H���V�H�Q�V�L�Q�J���G�D�W�D
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Land Product Validation group
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Method (1/5)
The BELMANIP Global Network of Sites
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•representative sampling of global land surface types  
•about 400 sites from several networks: direct validation sites (D: BIGFOOT, VALERI… ), 
AERONET (A), FLUXNET (F)… 60 sites and  90  LAI HR maps available so far.

Global Vegetation Workshop, University of Montana



Global Vegetation Workshop, University of Montana

Method: LAI inter-comparison approach

Projection
& 

resampling

Extraction
over

BELMANIP sites

Inter-comparison metrics:
Map of difference
Global histogram

Transect
Product/product scatter plot

�7�H�P�S�R�U�D�O���S�U�R�I�L�O�H

�3�U�R�G�X�F�W�����P�D�N�H�U
�&�R�R�U�G�L�Q�D�W�R�U��
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Global Vegetation Workshop, University of Montana

Results: Global maps (Aug 2002)
�(�&�2�&�/�,�0�$�3 �*�/�2�%�&�$�5�%�2�1
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Global Vegetation Workshop, University of Montana

Results: Map of differences over Canada
July 2002
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Global Vegetation Workshop, University of Montana

Results: Map of differences over Canada
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Global Vegetation Workshop, University of Montana

Results: Map of differences over Canada
July 2002
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Global Vegetation Workshop, University of Montana
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Global Vegetation Workshop, University of Montana

Results: Global histogram
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Global Vegetation Workshop, University of Montana
Results:Transect over Africa (25
 est)
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Global Vegetation Workshop, University of Montana
Results:Time series over crop sites
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Global Vegetation Workshop, University of Montana

Results: Time series over DBF
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Global Vegetation Workshop, University of Montana

Results: Time series over ENF

• Need to have an actual error bar associated with the HR LAI map
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Global Vegetation Workshop, University of Montana
Results: Time series over EBF
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Global Vegetation Workshop, University of Montana
Direct validation: Product versus HR LAI Map
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Global Vegetation Workshop, University of Montana

Concluding Remarks
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Inter-Comparison Validation Approach

Modis IGBP Land Cover GLC2000
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Direct Validation Approach

MODIS Landsat



Identify Landsat Imagery

HTTP://GLOVIS.USGS.GOV
Glovis interactive to locate best available scenes.



Identify Landsat Imagery

Search
multiple
sensors

HTTP://GLOVIS.USGS.GOV



Landsat ETM+ SLC-off
representation 
of good pixels in the center-> 
gaps towards the edges

Good pixels

Pixel gaps
biggest at edges



Landsat ETM+ SLC-off Imagery 
~ still works for our purposes ~

Gap-filled imageNot Gap-filled image

Middle of image is Good



Gap-filled imageNot Gap-filled image

Edge of image is not so Good

Landsat ETM+ SLC-off Imagery 
~ still works for our purposes ~



Perform Image Pre-Processing

• Radiometric Correction

• Geometric Correction

• Atmospheric Correction
• Identify/Mask Clouds
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• Unsupervised Classification 
• Repeat until classes are separated (training set)
• Hand-digitize (?)
• Continuous modeling of cover attributes (training set)

– % evergreen deciduous
– Biomass

• Determine the accuracy (test set)





Unsupervised Classification

Landsat TM (Bands 5, 4, 3) First Level Classification



Insure reference data is in the 
correct location on the image

Reference (Ground) Polygons

Classified Image with Polygons



Biomass Predicted vs. Observed Plot
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Confusion matrix for landcover
classification in the St. Petersburg region

886396938469%

358224410662Total

442211510Shrub/ 
grass 

100787Forest

82514113Built

68535896Bog

8632243Agriculture

%Shrub/ 
grass

ForestBuiltBogAgriculturePredicted
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Change detection using Disturbance Index*

3 Band 
Tasseled Cap

Image

Each image transformed into the tasseled cap (TC) indices of 
brightness, greenness and wetness

Multi-Band 
TM or ETM 

Image

*Healey, et al (2006)



Change detection using Disturbance Index



Disturbance Index Transformation

Brightness    – (Greenness    +        Wetness)        = Disturbance Index

Input:
3 Band 

Tasseled Cap 
Image

( )
Output:

1 Band Image



Multi-Temporal Disturbance 
Image

Disturbance 
indices for each 
date combined 
into a multi-
temporal image



•Disturbed areas 
have a higher 
disturbance index 
than surrounding 
undisturbed areas.

•Disturbance from 
each time period also 
exhibits different 
spectral properties.  

•Identify each 
disturbance class and 
sample its variability

Cut 1990-2000

Cut 1980-1990

Disturbance Index Transformation



Classification of disturbed sites by time intervals

Cut 1994-2001

Cut 1987-1994Undisturbed
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Classified Disturbance 
Image
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2/8/2007 J. Masek, GSFC

NELDA Objective:  Continental Forest Disturbance Ma ps

80%

0%

VCF TreecoverEVI

1.0

0.0

Active Fires

Low

High

Several global MODIS products relate directly to ecosystem disturbance:
- Vegetation Continuous Fields (VCF) %Treecover/Herbaceous/Bare
- EVI / NDVI Vegetation Indices 
- Active Fires, Burned Area

How can we use interannual records of these indicators to identify disturbance 
location, type, timing, and severity?

2003 2004 2005 2006



Global forest cover assessment and 
monitoring using MODIS percent tree 

cover products

Slides provided by Matt Hanson

South Dakota State University



Forest Change in Insular Southeast Asia
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Riau

50 km

red = change 2000-2001



red = change 2000-2002

Riau

50 km



Riau

50 km

red = change 2000-2003



Riau

50 km

red = change 2000-2004



red = change 2000-2005

Riau



Multi-resolution approaches to delineating 
global forest change area

• MODIS data provide synoptic/internally consistent overviews 
of global/regional/national tree cover

• Limited in delineating areal change and spatial arrangement of 
change without ancillary high-resolution cal/val data

• When used in conjunction with high-resolution data sets, an 
improved approach to mapping change is enabled
– Use MODIS as a change indicator to sample change/no change strata

• Allows global-scale information to be relevant at local scales



MODIS change indicator map, 
resampled to 20km by 20km blocks









Discussion / �������� :

· NELDA map legend / ������� ���	
 ���

����	� NELDA

· New ideas for collaborative work / Ho���  
���������	�  �  ���
������  �������

· Future workshop plans for NELDA and 
NERIN / ����
 ������� ��������� 
�

����	� NELDA � ��	� NERIN


