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NASA LCLUC: Multi-source Land Imaging

• Funded July 2015
• Objective:

– fuse multiple sensors from NASA, ESA, etc. platforms 
– develop tree and water cover product

• Global 2000, 2005, 2010 and 2015
• Annual 2010 – 2015 for North and South America

• ESA Collaborator:  Chris Schmullius.
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Landsat- and MODIS-based SR estimates are
highly consistent at a collection of globally
distributed sample locations.
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Global Surface Reflectance Product
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Data available at www.landcover.org.

Feng, M., Sexton, J. O., Huang, C., Masek, J. G., Vermote, E. F., Gao, F., Narasimhan, R., Channan, S., Wolfe, R. E., & Townshend, J. R. (2013). Global surface 
reflectance products from Landsat: Assessment using coincident MODIS observations. Remote Sensing of Environment, 134, 276–293. 
http://doi.org/10.1016/j.rse.2013.02.031
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Tree Cover Product
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Rationality
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Global forest cover?
8 datasets…. 8 estimates.

Bartholomé & Belward (2005)
Hansen et al. (2003, 2005)

Hansen et al. (2013)
Sexton et al. (2013)

Loveland et al. (2000)
Hansen et al. (2000)

Bicheron et al. (2008)
Friedl et al. (2002)

Song, X.-P., Huang, C., Feng, M., Sexton, et al. (2014). Integrating global land cover products for improved forest cover characterization: an application in North America. International Journal of Digital Earth, 7(9), 709–724.
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How much forest is there?

• UNFCCC allows countries to define “forest” based on a 
criterion of tree cover, from >10 to >30% cover.

– Defined as 10% cover -> 51.5 x 106 km2

– Defined as 30% cover -> 32.2 x 106 km2

• Difference = 17.9 x106 km2 ≈ 13% of Earth’s land area.

• Greatest uncertainty in tropical savannahs & boreal 
forests.

• The discrepancy within the tropics alone involves a 
difference of 43.5 Gt C of biomass valued at >US$ 1 trillion.

12Sexton, J. O., Noojipady, P., Song, X., Feng, M., Song, D., et al. (2016). Conservation policy and the measurement of forests. Nature Climate Change, 6, 192–196
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Global 30m Tree Canopy Cover Product

13

Tree Cover data for 2000, 2005, 2010 and 2015 is available for download at www.landcover.org
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2010
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What makes our product  different
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Loss

ForestGain



The Global Land Cover Facility
www.landcover.org

Fusing Landsat, Sentinel 1 & 2
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• NASA HLS v1.3
– Masek et. al.
– https://hls.gsfc.nasa.gov/algorithms/
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https://hls.gsfc.nasa.gov/algorithms/
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TCC estimated from Landsat ETM+ SR

Gaps caused by SLC off, cloud, cloud shadow in the ETM+ scene.
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TCC estimated from Landsat ETM+ & OLI SR

Filled most of the gaps caused by SLC off, cloud, cloud shadow.
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Combined ETM+, OLI, S1, and S2 derived TCC

All gaps were filled after combining TCC derived from Landsat ETM+, OLI, Sentinel 1, and Sentinel 2
The predictions from Landsat and Sentinel appear to be consistent.
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1,974 HLS Landsat and Sentinel-2 images were applied to 
estimate tree cover over the U.S. east coast

Fused tree-canopy cover (2016)

Optical fusion: Landsat and Sentinel-2
25
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Juha I. Uitto (Director of GEF)
COP12, Pyeongchang, Oct 2014
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Application: Philippines Forest Monitoring 

• Time serial canopy cover 
product from 2000 – 2015

• Improving estimation of tree 
canopy cover using Philippines 
airborne LiDAR data

Funded via USFS IP Program
28
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Water Cover
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Source : http://www.dropbydrop.eu/36916

Maria Figueiredo - Portugal



The Global Land Cover Facility
www.landcover.org

Water

“As climate changes, is water the new oil? WASHINGTON” Deborah Zabarenko,  
Environment Correspondent, 2012, Reuters

“Water is the new gold, a big commodity bet” Published: July 24, 2012, Paul 
B. Farrell, MarketWatch

“Where Water Is Gold”, By THE EDITORIAL BOARDSEPT. 19, 2013. New York Times

“Water becoming more valuable than gold”, Patrick M. Sheridan, April 24, 
2014, CNNMoney (New York) 
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http://blogs.reuters.com/search/journalist.php?edition=us&n=deborah.zabarenko&
http://www.marketwatch.com/search/?m=Column&mp=Paul%20B.%20Farrell
http://www.nytimes.com/interactive/opinion/editorialboard.html
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Water Cover Product
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Water Cover product is available at www.landcover.org  
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2010 20152000 2005

Water extent increased from 2000 and has been stable after 
2005, after the dam was built

The South Aral has been on a constant 
shrinking trend in the past decades
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Tree Canopy Cover Validation & Calibration (Taiga Tundra Ecotone)
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HRSI estimation of canopy 
height & cover

• RMSE from 8-20% in temperate 
and tropical biomes

• Highest uncertainty in sparse, 
short forests

• Often dominated by systematic 
errors—amenable to calibration

airborne LiDAR estimates 
of tree canopy closure

Montesano, P. M., Neigh, C. S. R., Sexton, J., Feng, M., Channan, S., Ranson, K. J., & Townshend, J. R. G. (2016). Calibration and Validation of Landsat Tree Cover in the Taiga ´ Tundra Ecotone. 
Remote Sensing, 8(7), 5–7. http://doi.org/10.3390/rs8070551
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Calibrated TCC for Boreal in North America (2010)
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Long-term records of forest cover are needed across a broad range of
investigation, including climate and carbon-cycle modeling, hydrological
studies, habitat analyses, biological conservation, and land-use
planning.

Starting in 1972, the Multispectral Scanner (MSS) was the first
generation of sensors aboard the Landsat satellites. We developed an
automated approach to detect forests using MSS archive by leveraging
the multispectral and phenological characteristics of forests observed in
MSS time-series. More than 70,449 Landsat MSS scenes were
processed to provide a 120-meter resolution forest cover for North
America.

First forest cover map in the 1970s

Forest
Cloud
Water
Nonforest

Resolution: 120 m
CRS: Albers Equal Area



The Global Land Cover Facility
www.landcover.org

39

Questions/Discussion

Saurabh Channan
Email: schannan@umd.edu
Visualize our data at www.terrapulse.com/terraView
Download the data at www.landcover.org
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