
30 Meter Vegetation Continuous Fields for the Continental United States 

Conclusions
The opening of the Landsat archive affords researchers the possibility for producing large area land cover extent 
and change products. The experience gained using AVHRR and MODIS data to depict large area land cover is 
now being directly applied to Landsat imagery. The results shown here indicate the potential for operationally 
implementing VCF characterization methods at national scales. A global implementation is feasible.  However, the 
United States is the most data-rich environment for Landsat, as all overpasses are acquired. The extrapolation of 
this method to other regions will have to adjust to less frequent acquisitions. The derivation of a standard method 
for global VCF mapping is forthcoming.
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Introduction
Systematic large area land cover monitoring at medium spatial resolution 
has to date been limited primarily by data costs and processing 
limitations. However, since January 2008, radiometrically and terrain 
corrected Landsat data have been made available free of charge over the 
internet by the USGS Center for Earth Resources Observation and 
Science (EROS) (Woodcock et al. 2008), and the cost of computer 
processors and data storage continues to decline. A NASA-funded 
project, entitled Web-Enabled Landsat Data (WELD), has demonstrated 
recently the potential of large volume Landsat 7 ETM+ data processing to 
provide 30m spatially mosaiced and temporally composited timeseries 
data sets for the conterminous United States (CONUS) and Alaska 
(http://landsat.usgs.gov/WELD.php) (Roy et al. 2010). This project 
presents the application of the MODIS (Moderate Resolution Imaging 
Spectroradiometer) Vegetation Continuous Fields (VCF) characterization 
approach (Hansen et al. 2003) to the WELD data to produce 30m annual 
CONUS land cover estimates of percent tree, percent other vegetation 
(including grasses, shrubs and forbs) and percent bare ground cover, and 
also the probability of water presence and percent of snow and ice.

Methods
Tree-based classification methods are well-established in the remote 
sensing community and have been used to generate the MODIS 
Vegetation Continuous Field and Land Cover products (Hansen et al. 
2003; Friedl et al. 2002). In this research, a bagged decision tree 
methodology was used to classify the WELD data. Decision trees are 
hierarchical classifiers that predict class membership by recursively 
partitioning a data set into more homogeneous subsets, referred to as 
nodes (Breiman et al. 1984; Breiman 1996). Trees can accept either 
categorical data in performing classifications (classification trees) or 
continuous data in performing sub-pixel percent cover estimations 
(regression trees). For regression trees, a sum of squares criterion is used 
to split the data into successively less varying subsets. The split that 
yields the maximum reduction in variability is selected to build the 
regression tree model.  For annual estimates of percent tree cover and 
bare ground, regression tree models were employed using a bagging 
methodology. For preliminary weekly percent water and snow/ice, we 
applied a linear mixture model, as sub-pixel percent training data were not 
available.  The method is that of Roberts et al. (1998), which employs 
multiple end-members to linearly model percent cover per pixel.  These 
estimates can then be used as training data for regression tree model 
implementation.   

Deriving percent cover training data using high 
spatial resolution imagery 
Visual crown/no crown classifications of thirty-two 4 m Ikonos and three 
2.8 m QuickBird multi-spectral images distributed across the CONUS 
were used to derive sub-Landsat pixel percent crown cover data based on 
the method described by Hansen et al. (2002) Percent crown cover per 
30m WELD grid cell was then calculated and used as training data. 
Secondly, an additional 3,295,525 30m pixels of either 100% or 0% 
canopy cover were interpreted visually using very high spatial resolution 
(<10 m) Google Earth imagery. These additional training pixels were 
distributed in 2,156 homogeneous polygons across the CONUS and were 
checked by comparison with the 2008 WELD data to ensure that there 
was no change between 2008 and the acquisition of the GoogleEarth 
imagery. Visual interpretation of Google Earth imagery was performed on 
an ad hoc basis to fill regional gaps where very high spatial resolution 
Ikonos and QuickBird imagery were lacking.
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Flowchart of classification process

Metrics

Sampling (25 samples)

Building models (25 regression trees)
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Classification (25 preliminary classification results)

Deriving training using linear spectral unmixing
Spectral Mixture Analysis was used to create training data for snow/ice 
and water layers. Nearest neighbors from pure classes (0% and 100%) 
were used as end-members to calculate percent snow/ice and water for 
pixels of mixed class (1..99%) (Roberts et al., 1998). Euclidean distance 
measure of closeness was used for this calculation.
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Annually updated layers

Tree cover > 10,000,000 training pixels derived mostly from crown/no crown classifications of IKONOS and QuickBird images
Bare ground > 150,000,000 training pixels from NLCD impervious surface and MODIS VCF layers
Water > 130,000 visually interpreted training pixels with following spectral unmixing
Snow/ice > 50,000 visually interpreted training pixels with following spectral unmixing

Tree cover IKONOS and QuickBird images, Google Earth
Bare ground MODIS VCF, SRTM water bodies and NLCD impervious surface layers
Water Google Earth
Snow/ice Google Earth
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