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 Use recently available Landsat based percent tree canopy cover maps, circa 2000, 
2005 & 2010, with estimates of uncertainty to improve our prior circumpolar 
arctic-boreal transition assessment.  

 Use high-resolution data in intensive study sites along the forest-tundra transition 
zone and characterize the spatial patterns of the tree-tundra mosaic across the 
boundaries.  These data include commercial sub-meter panchromatic and stereo 
imagery from WorldView-1,2,3 and Quickbird-2.

 Estimate forest cover and biomass change in intensive study site transects using 
high-resolution stereo satellite data, field observations, and allometric models.

In this talk:
1. Prior work that has lead to our current state of the art for estimating ecotone
2. Recent results

1. Montesano et al. 2016, Neigh et al. 2016, Sexton et al. 2016

Project Objectives



Fig 2. http://data.giss.nasa.gov/gistemp/maps/

Fig. 1 Landsat 30m Vegetation Continuous Fields (VCF)  - forests canopy cover
Circa 2000, 2005, 2010 (Sexton et al. 2013)

Fig. 3  WorldView-2  2 m false color composites. 

High Uncertainty ± High Uncertainty ± Low Uncertainty ±

Strategic objective for NASA Earth science is to 
advance knowledge of the Earth as a system to 
meet the challenges of environmental change 
(NASA Science Plan 2014)

•Detect and predict changes in Earth’s ecosystems and biogeochemical 
cycles, including land cover, biodiversity, and the global carbon cycle. 

Why is this work critical?
The Boreal forest is one of the largest biomes on Earth (~30% of global forest area), 
contains 38 ±3.1 Pg of above ground carbon (Neigh et al. 2013) and is experiencing > 1.5°C of 
warming. Small scale studies have found changes in TTE structure due to warming but 
currently large scale studies with moderate resolution data are challenging due to 
variations in vegetation structure, topography, edaphic conditions, and other factors 
(Ranson et al. 2011).     

Scientific Significance
Climate change is expected to alter tree line. 

A validated moderate resolution baseline is required to monitor change. 



Fig 4. Landsat Tree Canopy Cover (TCC) uncertainty.

Fig. 1 Landsat 30m Vegetation Continuous Fields (VCF)  - tree canopy cover
Circa 2000, 2005, 2010 (Sexton et al. 2013)

Fig. 3  WorldView-2  2 m false color composites. 

High Uncertainty ± High Uncertainty ± Low Uncertainty ±

Landsat Estimates of  Tree Canopy Cover
Climate change is expected to alter tree line. 

A validated moderate resolution baseline is required to monitor change. 



250 m

30 m

0.5 m

We have progressively increased 
the resolution of our  TTE 
observations to the forest patch 
scale.

Quickbird imagery in 425 sites.

MODIS derived estimate of TTE

Landsat derived estimate of TTE

Current Work

Landsat derived estimate of TCC 
optimized with sub meter stereo 
WV-1,2,3 and PALS 



What is a Forest? 
Sexton et al. 2016 Nature Climate Change

Maps of forest cover defined by UNFCC: a) 10%, b) 30%, c) DifferenceGlobal  agreement of presence and absence of forest cover circa
2000 between 8 land cover datasets.

Despite technological advances using satellite-based estimates of global 
forest area they still range from 32.1 x106 to 41.4 x 106km2.  

Ambiguity in the forest term >10->30% tree cover is the major reason why.
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Hi-res stereo data are no direct cost with NGA NextView licensed access (Neigh et al. 2013). 
DigitalGlobe has a large archive and many no cost software options are now available.



Sub Meter Spaceborne Photogrammetry
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http://en.wikipedia.org/wiki/Stereoscopy

Boston Commons 1890

Most stereoscopic methods present two offset images 
separately to the left and right eye of the viewer. 

Hi-res stereo from satellites 2000+

DigitalGlobe has a constellation of satellites that collect 
within track stereo imagery.  Currently hundreds of 
thousands of images exist that could be used to 
estimate forest canopy height.

Height disparity through parallax is one of the oldest tools in photogrammetry but modeling 
forest canopy height with very hi-res satellite stereo imagery has not been widely used.  

WV-2

Parallax is a displacement or difference in the apparent 
position of an object viewed along two different lines of 
sight, and is measured by the angle or semi-angle of 
inclination between those two lines

This animation is an example of parallax. As the viewpoint 
moves side to side, the objects in the distance appear to 
move slower than the objects close to the camera.
http://en.wikipedia.org/wiki/Parallax

http://en.wikipedia.org/wiki/Apparent_position
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~2 m RMSE



Forest Structure and Growth

Combine Landsat forest products 
with available commercial stereo 
and next gen. spaceborne LiDAR  
to close the knowledge gap in the 
spatial distribution of terrestrial C 
stocks.

Photosynthesis estimates from Solar Induced Florescence (SIF) 

AMES stereo pipeline
Originally developed for  
1997 Mars Pathfinder mission
used for intelligent robotics navigation 

Open-source released for DG data
http://irg.arc.nasa.gov/ngt  
Shean et al. 2016 ISPRS J. Photogrammetry and Remote Sensing

Techniques/methods developed 
will support data fusion & 
modeling for existing and future 
missions.  

Information derived from very-high 
resolution digital surface models 
support estimates of shadow 
fraction in forest canopies needed 
for SIF estimates to advance C-cycle 
model estimates of gross primary 
production (GPP). 

Technology and Data Policy Advances

Earth Sciences Division – Hydrospheric and Biospheric Sciences

NCCS ADAPT
Open US Gov. access to DG sub-m data 
Neigh et al. 2013 . EOS trans. 

USGS opens Landsat archive

2011 - NASA GSFC begins 
acquiring data
http://cad4nasa.gsfc.nasa.gov 

GSFC ADAPT Cluster
Originally developed for  
Discover supercomputer for 
climate simulation.

No cost access granted to 
NASA funded scientists
http://nccs.nasa.gov

Combining these advances we 
have processed >2,000 WV 
stereo pairs on the ADAPT 
compute cluster

1. 720 cpus, 2.5Tb ram <24 hrs 
to process > 10 image pairs

2. Large volumes of data exist 
to be processed.

Advanced Data Analytics Platform (ADAPT)



Digital Surface Models and Siberia Expedition Work

Earth Sciences Division – Hydrospheric and Biospheric Sciences

Kotuy River
2016 

Kochechum R.
2007 

Kotuykan R.
2008 

Embenchime R.
2012 scale

1:2,000,000

ASTER Global Digital Elevation Model 

~400 plots



Neigh et al. 2013 RSE fig 2

38 ± 3.1 Pg C 

Expeditions in Siberia?



Processed  1 m resolution 17 x 120 km WorldView digital surface models



Processed  1 m resolution 17 x 120 km WorldView digital surface models
+ stereo strips that we plan to process within the next 6 months.



ASTER GDEM overlaid with WV-1,2 stereo strips



ASTER GDEM overlaid with WV-1,2 stereo strips



ASTER GDEM overlaid with WV-1,2 stereo strips
Our 2016 Kotuy river expedition



https://goo.gl/photos/Kh2ogTDtQtLqVgij6

https://goo.gl/photos/Kh2ogTDtQtLqVgij6


ASTER GDEM overlaid with WV-1,2 stereo strips
2016 Kotuy river expedition



ASTER GDEM overlaid with WV-1,2 stereo strips
2016 Kotuy river expedition



WV1 Digital Surface Model 1 m resolution, Winter 2013
2016 Kotuy river expedition



WV-1, 0.5 m resolution, Winter 2013 , ©DigitalGlobe 2013 NextView License
2016 Kotuy river expedition



WV-1, 0.5 m resolution, Winter 2013 , ©DigitalGlobe Nextview License
GLAS shots shown in red, 2016 Kotuy river expedition



2016 Field Data – 68 Plots
30 m radius plots @ GLAS pulse centroid
DBH  – All trees > 3 cm
Health – Healthy/Intermediate/Dying/Dead
Canopy Height  – Lasers 30+ dominant trees, top & first live branch
Canopy  – Size m
Dendro – Cores of 5 dominant trees, burn history 
Permafrost depth – cm 5+ samples
GPS Photo  – 360° Panoramic

©DigitalGlobe NextView License
2016 Kotuy river expedition



©DigitalGlobe NextView
9/8/2016 WV-3 
True color 1.24 m



Recent Results 1
Landsat VCF calibration and validation with Airborne LiDAR

Poster & published - Montesano et al. 2016 remote sensing 

Results:
1. Landsat VCF in the TTE 

more closely relates to 
canopy closure of trees 
>2 m in height R2 0.5 vs. 
>5 m in height R2 0.42

2. Validation improved tree 
canopy cover uncertainty 
estimates in sparse TTE 
forests for three temporal 
epochs (2000, 2005, and 
2010) by reducing 
systematic errors

3. Average pixel-level 
uncertainties in tree 
canopy cover were 
29.0%, 27.1% and 31.1%  
for the 2000, 2005 and 
2010 epochs respectively



Recent Results 1
Landsat TCC calibrated for North America and cal/val with Airborne LiDAR

Original 2010  Landsat Boreal Tree Canopy Cover

Presented @ 500 m resolution, processed @ 30 m 

Sexton et al. 2013



Recent Results 1
Landsat TCC calibrated for North America and cal/val with Airborne LiDAR

Publication in prep.

2 m Calibrated 2010  Landsat Boreal Tree Canopy Cover

Presented @ 500 m resolution, processed @ 30 m 



Recent Results 1
Landsat TCC calibrated for North America and cal/val with Airborne LiDAR

Publication in prep.

5 m Calibrated 2010  Landsat Boreal Tree Canopy Cover

Presented @ 500 m resolution, processed @ 30 m 



Recent Results 2
WV-1,2 digital surface model comparison with GliHT in the Tanana Valley, AK



Recent Results 2
WV-1,2 Digital surface model comparison with GliHT in the Tanana Valley, AK

Results:
1. WV Canopy Height Models 

(CHMs)  from winter 
months are poorly 
correlated to GliHT
airborne LiDAR derived 
CHMs (R2 < 0.3) at 
multiple resolutions within 
1-2 yrs of data acquisition.

2. WV CHMs within growing 
season are correlated to 
GliHT CHMs (R2 > 0.7) at 
multiple resolutions.

3. Seasonality and viewing 
geometry must be 
considered when trying to 
map vegetation height & 
cover with WV stereo 
data.

Landsat TCC 2 m calibrated, Black point is inter-comparison location



Recent Results 2
WV-1,2 Digital surface model comparison with GliHT in the Tanana Valley, AK

Publication in prep.

Raster maps from point clouds between the 2013 WV CHM and the 2014 G-LIHT CHM for the 
different G-LIHT tiles at the different resolutions (3, 5, 10, 30) were compared.

July 30 
2013
WV1



Recent Results 2
WV-1,2 Digital surface model comparison with GliHT in the Tanana Valley, AK

Publication in prep.

Raster maps from point clouds between the 2013 WV CHM and the 2014 G-LIHT CHM for the 
different G-LIHT tiles at the different resolutions (3, 5, 10, 30) were compared.

July 31 
2013
WV1



Recent Results 2
WV-1,2 Digital surface model comparison with GliHT in the Tanana Valley, AK

Publication in prep.

Raster maps from point clouds between the 2013 WV CHM and the 2014 G-LIHT CHM for the 
different G-LIHT tiles at the different resolutions (3, 5, 10, 30) were compared.

Nov 6 
2013
WV2



Project Next Steps:

1) Evaluate sub meter stereo with overlapping PALS and GLiHT in sparse forests 
2) Evaluate calibrated ecotone Landsat VCF with cover/height estimates from WorldView
3) Develop biomass maps from field data and CHMs
4) Develop an ecotone map at a validated patch scale  

© DigitalGlobe NextView



Forest Structure and Growth

Combine Landsat forest products 
with available commercial stereo and 
next gen. spaceborne LiDAR  to close 
the knowledge gap in the spatial 
distribution of terrestrial C stocks.

ICESat-1,2 and GEDI

Broad use of  compute 
with US Gov. access to 
global archives of 
WorldView stereo data

Techniques/methods developed 
will support data fusion & 
modeling for existing and future 
missions.  

Future steps toward advancing ecotone research
NCCS ADAPT

ICESat-1 & 2 
Techniques/methods developed will 
support data fusion & modeling for 
existing and future missions.  

© DigitalGlobe 2013 NextView



Christopher S.R. Neigh, Biospheric Sciences, NASA GSFC 
E-mail: christopher.s.neigh@nasa.gov; Phone: 1-301-614-6681
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Thank You!
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