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Great Smoky Mountains National Park (GSMNP)

I The GSMNP is the most visited national
park in the U.S., and it hosts a rich
ecosystem of plants and wildlife.

I 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.

I GSMNP is a biodiversity hotspot.
International Biosphere Reserve and a
World Heritage Site
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Nearly all park trails cross small streams—making very wet crossings 
during flooding. The following trails that cross streams with no bridges 
can be difficult and dangerous at flood stage. (Asterisks ** indicate the 
most difficult and potentially dangerous.) This list is not all-inclusive.

Beard Cane Trail  near campsite #3
Beech Gap Trail  on Straight Fork Road
Cold Spring Gap Trail  at Hazel Creek 
Eagle Creek Trail**  15 crossings
Fork Ridge Trail crossing of Deep Creek at junction with Deep Creek Trail
Forney Creek Trail**  seven crossings
Gunter Fork Trail**  five crossings
Hannah Mountain Trail**  just before Abrams Falls Trail
Jonas Creek Trail  near Forney Creek
Little River Trail  near campsite #30 
Long Hungry Ridge Trail  both sides of campsite #92 
Lost Cove Trail  near Lakeshore Trail junction
Meigs Creek Trail  18 crossings
Noland Creek Trail**  both sides of campsite #62
Panther Creek Trail  at Middle Prong Trail junction
Pole Road Creek Trail  near Deep Creek Trail
Rabbit Creek Trail  at the Abrams Falls Trailhead
Roundtop Trail**  crossing of Little River at Little River Road 
Trillium Gap Trail  at Grotto Falls (icy in winter)
Upper Hazel Creek Trail  hiker-only portion
Wet Bottom Trail follow signs for Elijah Oliver Trail as alternate route

Stream Crossings
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Structure and composition of vegetatation in GSMNP

Mapping and understanding the
vegetation composition and
structure is important for:

I forest health management

I maintaining and tracking
changes in plant and wildlife
habitats and biodiversity in
the park

I aid in the forest management
planning and decisions



Objectives:

1. Characterize three dimensional structure of the vegetation
(whole vegetation canopy and understory) in GSMNP

2. Analyze the vegetation distribution across the park –
across topographic and climate gradient; structural
diversity within and across various forest types

3. quantify biomass and productivity of GSMNP vegetation

4. map changes using repeating analysis over time



Vegetation profile using LiDAR

Wasser et. al. (2013), PLOS ONE DOI



LiDAR data for GSMNP

Tennessee

I 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.

I 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.

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

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

I Projection: UTM Units: meters

North Carolina

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

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

I 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.

I Projection: NC State Plane Units: ft



LiDAR quality across GSMNP

Data from NC vs TN side of park have large disparity in the quality,
making integrated analysis across the park a challenge.



Computational Workflow and Data Processing

I We employed a process-parallel
approach to extract and analyze
LiDAR point cloud data using
python.

I To estimate vegetation heights
above ground level, elevations from
the 3.0 m DEM were subtracted
from point cloud data.

I The resulting points were grouped
into 2 [1] m vertical bins, up to
75 m, at a horizontal resolution of
30× 30 m.

I Anomalous high points (aerosols,
birds) and low points (steep slopes,
surface litter) were filtered out.

I Corrections were made for low
height vegetation (shrubs and
grasses) and for many returns at the
same elevation.
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check geographical area 
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LiDAR Point Cloud Example: 30m pixel

a) 3-D LiDAR point cloud extent at
30× 30 m (black square) shown in a
typical GSMNP cove forest.

b) Raw LiDAR point cloud (3,985
points), showing imprints of
underlying topography.

c) LiDAR point cloud after
topographic detrending and filtering
(3,936 points).

d) Vertical distribution of LiDAR
point density in a cove forest
dominated by tall trees and a dense
understory.



30 vegetation structure classes

We use a similarity

color scheme based in

Principal Component

Analysis: Low (< 20m)

canopy (RED); Medium

(30 - 36 m) canopy

(BLUE); Tall (> 46m)

canopy (GREEN)



Vegetation of 30 vegetation structure classes across GSMNP



Maximum canopy heights across GSMNP

95th percentile height of vegetation canopy



Clingman’s Dome: Google Earth



Clingman’s Dome: Max. canopy height



Clingman’s Dome: Vegetation structure



Cades Cove: Google Earth



Cades Cove: Max. canopy height



Cades Cove: Vegetation structure



What does the understory vegetation look like?

I Vegetation
structure is
however fairly
dominated by
the taller forest
canopies.

I To better
characterize and
map the
understory
vegetation we
performed a
second set of
analysis by using
the LiDAR point
cloud data set
only up to 8m
height from the
ground.

We use a similarity color scheme based in Principal

Component Analysis: Low (< 3m) canopy

(GREEN); Medium (3 - 5 m) canopy (RED); Tall

(5 − 8m) canopy (BLUE)



Understory vegetation map



Mt. Leconte / Chimney Tops: Rapideye 12/29/2015



Mt. Leconte / Chimney Tops: Max. canopy height



Mt. Leconte / Chimney Tops: Amount of understory
vegetation

Map shows the fraction of total tree canopy in the understory. High
elevation areas in the park have low height trees with a dense

understory vegetation (dominated by Rhododendron and Mountain
Laurel).



  

GSMNP Chimney Top 2 Fire 2016: Nov 23 - Dec 20, 2016
Burned area: 17,140 Acres



GSMNP Chimney Top 2 Fire 2016

Burn severity maps for 2016
Chimney Top 2 fire

LiDAR derived vegetation structure map



GSMNP Chimney Top 2 Fire 2016

Burn severity maps for 2016
Chimney Top 2 fire

Understory vegetation amount map

Chimney Top 2 fire was fueled primarily by the dense understory vegetation
and leaf litter. Areas with large fraction of vegetation in understory
experienced higher burn severity.



Summary and Conclusions

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

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

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

I Early validation efforts for various areas in the park are
promising. We are also comparing with the available plot
observations from the park.

I 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.
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Abstract—Vegetation canopy structure is a critically important
habitat characteristic for many threatened and endangered birds
and other animal species, and it is key information needed
by forest and wildlife managers for monitoring and managing
forest resources, conservation planning and fostering biodiversity.
Advances in Light Detection and Ranging (LiDAR) technologies
have enabled remote sensing-based studies of vegetation canopies
by capturing three-dimensional structures, yielding information
not available in two-dimensional images of the landscape pro-
vided by traditional multi-spectral remote sensing platforms.
However, the large volume data sets produced by airborne LiDAR
instruments pose a significant computational challenge, requiring
algorithms to identify and analyze patterns of interest buried
within LiDAR point clouds in a computationally efficient manner,
utilizing state-of-art computing infrastructure. We developed
and applied a computationally efficient approach to analyze a
large volume of LiDAR data and characterized the vegetation
canopy structures for 139,859 hectares (540 sq. miles) in the
Great Smoky Mountains National Park. This study helps improve
our understanding of the distribution of vegetation and animal
habitats in this extremely diverse ecosystem.

I. INTRODUCTION

Forest ecosystems are a complex mosaic of diverse plant
and tree species, the location and distribution of which are
driven by a number of gradients like climate (ex. temperature,
precipitation regimes), topography (ex. elevation, slope, as-
pect), geology (ex. soil types, textures, depth), hydrology (ex.
drainage, moisture availability) etc. Diverse combinations of
these gradients support diverse composition and distribution of
vegetation which in turn supports an array of wildlife. Under-
standing the vegetation canopy structure is critical to under-
stand, monitor and manage the complex forest ecosystems like
those in the Great Smoky Mountain National Park (GSMNP).
Vegetation canopies not only help understand the vegetation,
but are also a critically important habitat characteristics of
many threatened and endangered animal and bird species for
which the GSMNP is home.

Remote sensing has been widely used to monitor regional to
global forest ecosystems and for mapping of vegetation types.
However, traditional remote sensing methods for vegetation
classification often use light reflectance from the top layer

of vegetation. Advances in Light Detection and Ranging (Li-
DAR) technologies have enabled remote sensing-based stud-
ies of vegetation canopies by providing a three-dimensional
representation of vegetation structure throughout the canopy.
While the application of LiDAR for study of forest ecosystems
is becoming more common, the richness of these data sets
are generally under-utilized due to the large volumes of the
data produced by these instruments and lack of computational
resources and analysis algorithms. Most of the LiDAR studies
focus on the development of high resolution Digital Elevation
Models, canopy heights and occasionally understory density
[1], [2]. While LiDAR dervied metrics have proven to be
useful for an array of applications [1]–[5], three-dimensional
information provided by the LiDAR are left unutilized.

The objective of this study is to develop methods to realize
the potentials of rich LiDAR data set to map and characterize
the three-dimensional structure and distribution of vegetation
canopies. We develop and apply data analytic techniques to
identify the ecologically important and understandable struc-
tural types by mining the large and complex volumes of
LiDAR data.

II. MATERIALS

A. Study area

The geographic area for this study was the Great Smoky
Mountains National Park (GSMNP), which in part covers
the Great Smoky Mountains and the Blue Ridge Mountains,
encompassing 816 sq. miles across Tennessee and North
Carolina in the United States. Results presented here focus
primarily on the Tennessee side of the GSMNP (approximately
540 sq. miles). The GSMNP covers complex topography
with elevations ranging from 876–6,643 feet above mean sea
level. The GSMNP is ecologically rich and diverse, consisting
of about 1,600 species of flowering plants, including 100
native tree species and over 100 native shrub species [6]. The
distribution of vegetation in the park is strongly influenced by
topography, moisture and other environmental gradients [7].
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