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Project Objectives

= 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

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




Scientific Significance

Climate change is expected to alter tree line.
A validated moderate resolution baseline is required to monltor change

i

Strategic objective for NASA Earth science is to 4 1 f;!.'g , 1} i :f
1| advance knowledge of the Earth as a system to Al KS F 0 < M
. Fig. 1 Land Vi jion Contil Fields (VCF) -
i meet the challenges of environmental change C,’-,gmlzoo‘f,f'szffiT(SQiff,fﬁff,‘,’,Z01‘3’)”“”“"“5 felds (VCF) - forests canopy cover
(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).
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Landsat Estimates of Tree Canopy Cover

Climate change is expected to alter tree line.
A validated moderate resolution baseline is required to monitor change.
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l Fig. 1 Landsat 30m Vegetation Continuous Fields (VCF) - tree canopy cover
Circa 2000, 2005, 2010 (Sexton etal. 2013)
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Previous Work We have progressively increased
the resolution of our TTE

observations to the forest patch
) §§’£?3‘“' 7 S I scale.

MODIS VCF Validation (Montesano et al. 2009)

5’{’ | £is T e Quickbird imagery in 425 sites.

[ % TTEclasses . MODIS derived estimate of TTE
.~ TCC 5-20%
M TCC <5%:; >5% sd.

Current Work

Landsat derived estimate of TTE

Sampled tree heights
with CANAPI algorithm

i | AL R comoeyHeightpm Landsat derived estimate of TCC

optimized with sub meter stereo
WV-1,2,3 and PALS

Worldwew-1 image in o
" northern Siberian Larch
B forest




What is a Forest?

Sexton et al. 2016 Nature Climate Change

Global agreement of presence and absence of forest cover circa Maps of forest cover defined by UNFCC: a) 10%, b) 30%, c) Difference
2000 between 8 land cover datasets.
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Table 1| Global forest area by biome®.

Biome Forest (>10% tree) Forest (>30% tree) Difference

km
10,938,418
A50180
468,838
235,402

746,793

Boreal forests/taiga

groves
iterranean forests
tane grasslands and shrublands 1 3 i 507,643
af and mixed forests 12,466,617 7,455,587
4,010,340 2,802,276 2,135,87 5.62 666,406
9,904,686 907,986 2 9 491,063
707,026 /5. 536,967 39.6 280,2 6 256,718
2,969,433 / 141312 711,398 23.63 701,714
grasslar
moist broadleaf forests
Tundra

Inland water, rock and ice, and deserts and xeric shrublands (each with <2.5% tree cover) are excluded.

Despite technological advances using satellite-based estimates of global
forest area they still range from 32.1 x10° to 41.4 x 20%km?2.

Ambiguity in the forest term >10->30% tree cover is the major reason why.




Methods: What tools can we use to reduce uncertainty?

Gao, J. Towards accurate determination of surface height using modern geoinformattic methods: possibilities and limitations.
Prog. Phys. Geog. 2007, 31, 591-605.

Table | Vertical accuracies achieved with various stereo images using the photogrammetric method
Imagery Ground Swath width  Accuracy Affecting factors® Pros Cons
resolution
Aerial Varying with  Varying with 3 cm-14.3 m Flying height, image Highly accurate; DSM  Slow; expensive;
photography  camera focal  flying height resolution possible available for small areas
length Accuracy of ground
control
TE-350 space  10m 200 km by 17 m (27-39 m for Surface cover; DEM wide area coverage Low accuracy; images
photograph 300 km DEM of 40 m cell) cell size; ground control not widely available
ASTER 15m 60 km [0-39m Surface relief Inexpensive; data Mot so accurate, mosthy
available globally for DEM; long repeat
cycle (16 days)
S5POT-1-+4 020 m 60 km 5-10m Geometric model Maore accurate than Expensive;
S5POT-5 Upto4m 5(52-6.8)m adopted; ASTER images Across-track 3D only;
2.38 (2.60-2.89) m GCP guality Alarge ground area is  time Japsesbaiyeen
covered gterecpair
lkonos | m (PAN) 1.3 km 0.2-0.Tm Sensor orientation; Images available at Expensive, limited
4 m (X5L) (DEM accuracy: ground cover; short return period; ground cover
|4 mat 68% LE) Extra ground control large B/H ratio; alghg-
track and across-track
3D possible
QuickBird 24m 165.5 km 0.2-1.38 m 3D model used, ground DSM possible; steréo Expensive,
Geo Stereo (DEM accuracy: 10 m) control quality; images obtained at the  sophisticated software
external DEMs same time needed

* &l photogrammetric methods are subject to base-to-height (B/H) ratio

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

sight, and is measured by the angle or semi-angle of move slower than the objects close to the camera.

Parallax is a displacement or difference in the This animation is an example of parallax. As the viewpoint
of an object viewed along two different lines of moves side to side, the objects in the distance appear to
inclination between those two lines -W“ http://en.wikipedia.org/wiki/Parallax

Boston Commons 1890 Hi-res stereo from satellites 2000+
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Most stelreoscc;]pf r:ethdod.s Eresent ;Who offset 'mages DigitalGlobe has a constellation of satellites that collect
separately to the left and right eye of the viewer. within track stereo imagery. Currently hundreds of

http://en.wikipedia.org/wiki/Stereoscopy . ’
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.



http://en.wikipedia.org/wiki/Apparent_position

US Forest Canopy Heights Validated
IKONOS vs. G-LiHT

Neigh et al. 2014 remote sensing
Neigh et al. 2016 Remote Sensing of Environment

Scanning/Profiling

Stereo EE=REEE
IKONOS it

DigitalGlobe NextView 2014

Digital Terrain Model

IKONOS G-LiHT
Canopy Height Model = Canopy Height Model
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Technology and Data Policy Advances

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

AMES stereo pipeline

Originally developed for

1997 Mars Pathfinder mission X
2 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 Sen sing

~2008

GSFCADAPT Cluster

Originally developed for
Discover supercomputer for
3 climate simulation.

No cost access granted to
NASA funded scientists

http://nccs.nasa.gov Advanced Data Analytics Platform (ADAPT)

Earth Sciences Division — Hydrospheric and Biospheric Sciences

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.

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

720 cpus, 2.5Tb ram <24 hrs
to process > 10 image pairs
Large volumes of data exist
to be processed.
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Expeditions in Siberia?
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Coordinate o = Rotation |0.0 = ¥ Render @B EPSG:3995 (OTF) @

Processed 1 m resolution 17 x 120 km WorldView digital surface models
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Coordinate 97.2011, 6 ¥ Scale|:3 ? — PRotation [0.0 — v Render @EPSG:BQQS (oTF) @

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



Coordinate -155 ¥ ScaleL:: | Rotation |0 - s (0TF) @

ASTER GDEM overlaid with WV-1,2 stereo strips



Coordinate 104.7192,63.6452 3: ~| & Magnifier|100% =~ Rotation [0.0 ~ ¥ Render @EPSG:3995 (oTF) @

ASTER GDEM overlaid with WV-1,2 stereo strips
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Coordinate 99.0480,67.1461 & & Magnifier|100% — Rotation |:|.|:| 3 ¥ Render @EPSG:BQQS (oTF) @

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





https://goo.gl/photos/Kh2ogTDtQtLqVgij6
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Coordinate 99.0480,67.1461 & & Magnifier|100% — Rotation |:|.|:| 3 ¥ Render @EPSG:BQQS (oTF) @

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



Coordinate 99.0732,67.8307 % Scale[1:10,576 ~| & Magnifier|100% | Ratation |:|,|:| 3 ¥ Render € EP5G:3995 (OTF) @&

WV1 Digital Surface Model 2 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 — Alltrees >3 cm

Health — Healthy/Intermediate/Dying/Dead Y AR A T S, X
Canopy Height — Lasers 30+ dominant trees, top & first live branch  [d & veanfer = e = el
Canopy — Sizem

Dendro — Cores of 5 dominant trees, burn history . .
Permafrost depth — cm 5+ samples ©DigitalGlobe NextView License

GPS Photo —360° Panoramic 2016 Kotuy river expedition
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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 R? 0.42

VCF RMSE %: lLow Relative Error; (0-50] Error > Magnitude of TCC Value; >100
Relative Moderate Relative Error; (50-75]l|Error > 2 x Magnitude of TCC Value; >200

Error High Relative Error; (75-100]
Category

Airborne LiDAR Sampling (PALS) of VCF Tree Canopy Cover and its Errors

700 W -8 w A

Error estimates derived directly from the Landsat VCF (c. 2000)
drive the approach to validate tree canopy cover in areas of
sparse tree cover and high tree cover uncertainty.

Validation improved tree

1707 W SAB0TW 1305 W 107 W 90° W
1 | I |

. WI L L 1 | | 1 R ht Th
canopy cover uncertainty X }\r &5 ‘j‘g’ W = M
estimates in sparse TTE € Loy ,ﬁgﬂﬁb&%ﬁ?ﬁ‘% R e e
forests for three temporal m%@&’i ! “ L}f{/ w,m i aibome
1 roken
epochs (2000, 2005, and i i/ \\ SV ety soatia doun by
. | i) ),gwiy distribution  relative error
2010) by reducing | | *K\%\\z/ Of LDAR  category
. r |
systematic errors P 1/ \i | e
_ Canada and
130 w -2 w mf‘ w -(J':'l w -BEI!’ w T l“ AIaSka

Average pixel-level
uncertainties in tree

PALS Derivation of Canopy Closure: Canopy Height

" Original PALS returns were aggregated across 30m segments to estimate canopy closure, a variable

"VICF % TCC sampled by PALS

Canopy cover were " similar to tree canopy cover. For each segment, canopy closure was estimated using 4 different canopy (Right) Tree 5m 4m
height thresholds. Each estimate was compared with that of its corresponding VCF pixel. Cover: VCF © y=049%+21.9  y=048x+20.4
29.0%, 27.1% and 31.1% o 5 Cover VCF o Kecoss oo
= urns from canopy) by ! Binned 8 HSE 16 8 RSE = 16.3
for the 2000, 2005 and P 1T — 2 ! | oy O
. E a ; ] : 2
2010 epochs respectively o | s e : various &
c g S canopy height 5
3 = ; thresholds. O~ 3am 2m
(3 8 : s (Left) Root 8 ® y=048x+18.5 y = 0.46x + 16.3
et [ P mean square = R2=048 R = 0.50
2 ES difference '_e RSE =159 J|RSE =156
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PALS 30m segment along LiDAR transect VCF % TCC bin intervais: M mﬂsuﬂlzﬁ&a g w5 000-

PALS Canopy  =bm=4m-3m 2m
Height Threshold

Segments {30m)




Recent Results 1

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

Original 2010 Landsat Boreal Tree Canopy Cover

0 285 570 1,140 Kilometers
| L]

Sexton et al. 2013

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.

2 m Calibrated 2010 Landsat Boreal Tree Canopy Cover

285 570 1,140 Kilometers

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

285 570 1,140 Kilometers

Presented @ 500 m resolution, processed @ 30 m



Recent Results 2

WV-1,2 digital surface model comparison with GIiHT in the Tanana Valley, AK
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Abstract Methods: Results continued:
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Results:

1.

2.

WV Canopy Height Models
(CHMs) from winter
months are poorly
correlated to GIIHT
airborne LiDAR derived
CHMs (R2 < 0.3) at
multiple resolutions within

1-2 yrs of data acquisition.

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

. Seasonality and viewing

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

Recent Results 2

WV-1,2 Digital surface model comparison with GIiHT in the Tanana Valley, AK

160 Kilometers

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




Recent Results 2

WV-1,2 Digital surface model comparison with GIiHT in the Tanana Valley, AK

Publication in prep.

3 m pixel 5 m pixel

R*=0.66
RMSE=2332 . = =~ "

R*=0.742
“ RMSE =224

G-LiHT CHM Height (m)
G-LiHT CHM Height (m)

10 10

Stereo CHM Height (m) Stereo CHM Height (m)

10 m pixel 30 m pixel

2 R*=0.918
R*=0.839

RMSE =1.916 RMSE =1.749

G-LiHT CHM Height (m)
G-LiHT CHM Height (m)

Stereo CHM Height (m) Stereo CHM Height (m)

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.




Recent Results 2

WV-1,2 Digital surface model comparison with GIiHT in the Tanana Valley, AK

Publication in prep.

3 m pixel 5 m pixel

G-LiIHT CHM Height {m)
G-LiIHT CHM Height {m)

10 15 10

Stereo CHM Height (m) Stereo CHM Height (m)

10 m pixel 30 m pixel

RP=0.724

G-LiHT CHM Height (m)
G-LiHT CHM Height (m)

. R*=0.706

RMSE =1.657 RMSE =1.327

10

Stereo CHM Height (m) Stereo CHM Height (m)

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.




Recent Results 2

WV-1,2 Digital surface model comparison with GIiHT in the Tanana Valley, AK

Publication in prep.

3 m pixel 5 m pixel

G-LiIHT CHM Height {m)
G-LiIHT CHM Height {m)

Stereo CHM Height (m) Stereo CHM Height (m)

10 m pixel 30 m pixel

G-LiIHT CHM Height {m)
G-LiIHT CHM Height {m)

Stereo CHM Height (m) Stereo CHM Height (m)

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.




ect Next Steps:

Proj

1) Evaluate sub meter stereo with overlapping PALS and GLiI;IT,.ilfl sp
2) Evaluate calibrated ecotone Landsat VCF with cover/height; timates §
3) Develop biomass maps from field data and CHMs
4) Develop an ecotone map at a validated patch scale



Future steps toward advancing ecotone research

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.

Broad use of compute

1 with US Gov. access to
global archives of

~1-2YIS WworldView stereo data

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

~2-4 Yrs

© DigitalGlobe 2013 NextView
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