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Introduction

> Forests form a complex mosaic of diverse tree
and coexisting plant and animal species.

» The structure of vegetation reveals information
about stand age and height; forest composition,
health, and disturbance; and suitability as
habitat for birds and other animal species.

» Airborne Light Detection and Ranging (LiDAR)
enables large scale remote sensing of topography,
built infrastructure, and vegetation structure.

» Multiple laser “returns” produce “point clouds”
used to map the ground surface, buildings,
roads, and utility infrastructure, and to
reconstruct the structure of vegetation canopies.

> Large data volumes pose significant
computational challenges to employing LiDAR to
monitor and manage forests and animal habitats.




Great Smoky Mountains National Park (GSMNP)

T
» The GSMNP is the most visited

national park in the U.S., and it hosts a  FEEAE Gﬁgﬁ{,fﬂﬂ?’ =

rich ecosystem of plants and wildlife.

» The Park encompasses 816 sq. miles in
Tennessee and North Carolina and
ranges in elevation from 876 to 6,643
feet above mean sea level.




» Develop computational tools and worflow for processing and knowledge
extraction from massive LiDAR data sets

> Map and characterize the 3-D structure and distribution of the vegetation
canopy in GSMNP



LiDAR Tiles for GSMNP

Tennessee

> LiDAR data for 540 sq. miles of the Tennessee portion of the GSMNP and the
Foothills Parkway from 1,658 flight miles were collected during February—April 2011
by the U. of Georgia and Photo Science, Inc.

> Four multiple discrete returns per pulse were collected at a rate of 20.2 Hz from a
nominal flying height of 1,981 m above ground level.

> Overlapping data were split into 724 non-overlapping 1,500 x 1,500 m tiles, which
we obtained from the National Park Service.

> 724 LiDAR tiles (approx. size 98 GB) projected onto a 3.0 m resolution digital
elevation model (DEM) derived from the LiDAR point cloud.

> Projection: UTM Units: meters

North Carolina

> LiDAR data for North Carolina was collected by NC Floodplain Mapping Program in
2005.

> Overlapping data were split into non-overlapping 10,000 x 10,000 ft tiles, which we
obtained from the NC Floodplain Mapping Program.

> 184 LiDAR tiles (approx. size 8.9 GB) projected onto a 3.0 m resolution digital
elevation model (DEM) derived from the LiDAR point cloud.

> Projection: NC State Plane Units: ft



LiDAR Data for GSMNP




Computational Workflow and Data Processing

> We employed a process-parallel e
approach to extract and analyze PO { PL Y PN
LiDAR point cloud data using (et subset i st | [ gotsubset s et | m » » [ gotsubset “ns” f st
python. eyt : :

> To estimate vegetation heights above | pampe g s : :
ground level, elevations from the . .
3.0 m DEM were subtracted from g g
point cloud data. P i %

» The resulting points were grouped :i %
into 1 m vertical bins, up to 75 m, at a -° -
a horizontal resolution of 30 x 30 m. s g : :

s

> Anomalous high points (aerosols,
birds) and low points (steep slopes, e mo S : :
surface litter) were filtered out. N : :

> Corrections were made for low height
vegetation (shrubs and grasses) and
for many returns at the same enerate maps and saiicd

elevation.
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LiDAR Point Cloud Example: 30m pixel
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LiDAR Point Cloud Example: 30m pixel
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LiDAR Point Cloud Example: 100m pixel
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Computational Workflow and Data Processing
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Map of 30 Vegetation Canopy Structure Classes

Vertical profile distributions were input to the cluster analysis, considering
all tiles simultaneously.

This map shows the 30 most-different classes of vegetation canopy
structure, randomly colored, as identified by k-means clustering for the
Great Smoky Mountains National Park.
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Map of 30 Vegetation Canopy Structure Classes

Vertical profile distributions were input to the cluster analysis, considering
all tiles simultaneously.

This map shows the 30 most-different classes of vegetation canopy
structure, randomly colored, as identified by k-means clustering for the
Great Smoky Mountains National Park.
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Overstory Vegetation Cover Map for GSMNP

Overstory Vegetation

Great Smoky Mountains
National Park
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Overstory Vegetation Cover Map fo

: ~ = : - - ———
ID Forest type Percent Area ID Forest Type Percent Area
1001] Yellow pine forests 7.03 1022| Human influence 0.68
1003| Floodplain forests 121 1023| Shrubs 0.35
1004 ceous shrubs (non-heath bald type) 0.47 1024 Alluvial vegetation 0.00
1005| Ericaceous shrubs (heath bald type) 1.00 3890| Successional or modified vegetatior 0.21
1006| Successional hardwood forests 3.65 3893, Successional or modified vegetatior 0.03
1007| Chestnut oak forests 14.08 4048| Successional or modified vegetatior 0.51
1008| High elevation beech/red oak forests 1.53 4242| Grassy balds 0.01
1009| High elevation red oak/white oak forests 2.52 6192| Montane oak-hickory forests 11.17
1010| Northern hardwood/acid hardwood forests 16.13 6272| Spruce-fir forests 0.68
1011| Northern hardwood/boulderfield forests 4.09 6286| Montane oak-hickory forests 0.99
1012| White pine forests 1.23 7102| Hemlock forests 0.36
1013| Spruce-fir forests 257 7136| Hemlock forests 1.50
1014| Roads 0.23 7230| Montane oak-hickory forests 7.93
1015| Successional or modified vegetation 0.04 7517| White pine forests 0.10
1016| Sparse vegetation 0.04 7519| White pine forests 0.76
1017| Rock 0.10 7543 Montane cove forests 3.87
1018| Mud/gravel 0.22 7692| Montane oak-hickory forests 1.16
1019| Water 1.33 7695| Montane cove forests 2.47
1020| Dead vegetation 0.06 7710| Montane cove forests 9.04
1021| Exotic vegetation 0.00 7878 Montane cove forests 0.64




GSMNP: Chestnut Oak Forest




Chestnut Oak Forests
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GSMNP: Northern Hardwood Forest




Northern Hardwood Forests

[1]5.10% 2] 3.81% 316.52% [4]4.96% [517.30%
_ &) _& _& _ &0 _ &)
Eso Eso E 50 E 50 E 50/
£ % Z % £ % z® £
530 530 &30 30 &30
220 220 22 £ 20 2 20,
10 10, 10 10 10
o 3 o
0 10 20 30 0 10 20 30 4 0 16 20 30 0 10 20 30 & 0 10 20 30
% of Profile % of Profile % of Profile % of Profile % of Profile
(6] 0.28% 1715.38% 8] 0.76% [914.50% [10] 2.59%
_ &) _& _& _ &0 _ &)
E 0] Eso E 50 E 50 E 50
Z % Z %) £ % Z % £
530 53 530 &3 &3
22 2% 220 2% £
10 10 10 10 10
o
0 20 30 4 0 10 20 30 4 0 10 20 30 4 0 10 20 30 0 20 30
% of Profle % of Profile % of Profle % of Profile % of Profile
[11]15.91% [12]2.94% [1311.19% [14]3.35% [15]0.21%
| e _& _& _ & _ &)
IE 50| Eso E 50] E 50 E 50
= 40 = %) = 4 Z 2 Z
> 30 53 3% &3 R
2 20 220 22 EFY ]
10 10 10}, 10 10
20 30 4 T 20 30 4 10 20 30 & 0 20 30 & 10 20 30
% of Profle % of Profle % of Profle % of Profile % of Profile
11611.07% 1711.07% 11812.18% 11912.28% [2014.70%
_ &) _& _& _& _®
E 50| Eso E 50 E 50 E 50
Z % 0 Z 4 z z
$ 3 £ s Y EEY
22 2% 220 EEY 22
10 10 10 10 120
T 20 30 4 T 20 30 4« 10 20 30 4 0 20 30 & 0 20 30
% of Profile % of Profile % of Profile % of Profile h.of Profile
[21] 4.86% [22]3.52% [2312.57% [24] 2.36% [25]16.78%
_ &) _& _& _& _ w0
Eso Eso Es0 Es0 £ 50
= 40 Z 40 Z 40 29 £ 9
S S 23 £ 30
220 2% 220 EEY 2 20
10 10 10 10 10
0
0 20 30 & 0 10 20 30 4 10 2 30 &
% of Profle % of Profile % of Profle %4 of Profile 54 o Profile
[26]1.88% [2712.33% [28]13.12% [29]12.95% [30] 2.06%
_ 60 _ 60 _ 60 _ 60 _ 60
E 50 Eso E 50 E 5o E 50
= 4 0 = 40 Z 0 Z 40
Y s 53 s R
220 22 2 EEY 2
10 10 10 10 10
10 20 30 4 0 20 30 & 10 20 30 4 0 a 10 20 30

20 30
% of Profile % of Profile % of Profile % of Profile % of Profile









GSMNP: Hemlock Forest
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Exploring in Google Earth
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Great Smoky Mountain Institute at Tremont

» The Great Smoky Mountain Institute at Tremont (GSMIT) is surrounded by
“Mountain Cove" and “Hemlock” forests with tall, dense canopies and low
understory vegetation.

» We found strong spatial correspondence between the “Mountain Cove” forest
and the vegetation structure classes representing the taller vegetation in the
Park.

> Individual tree records from “Citizen Science” phenology plots, located at
blue cnrcles were studied for ground truthmg
. \§

l\/lontaln Cove” forest from (Madden, Tall canopy vegetatlon classes 10 and 13
2014). derived from LiDAR.



Summary and Conclusions

» We developed an approach, parallel software tools, and workflow for
analyzing large volumes of LiDAR point cloud data in a scalable
fashion.

» Multivariate Spatiotemporal Clustering (MSTC) provides a
valuable quantitative framework for stratifying vegetation canopy
structure data derived from LiDAR point clouds.

» We applied these tools to LiDAR data from the GSMNP to identify
vegetation classes based on overstory/understory distributions.

» We used a spatial overlay method to compare the unsupervised
clustering results to existing vegetation maps and to validate results

» These tools and the resulting maps will inform resource management
and conservation planning by forest and wildlife managers, who were
not previously able to use large, complex LiDAR data sets.



2015 IEEE 15th International Conference on Data Mining Workshops.
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