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A keystone species sheltering endangered and endemic wildlife

Image credit: Texas A&M Forest Service

@ Eastern Texas Ecological Conservation 2



Human Impacts Drive
Longleaf Decline

Industrial Hardwood
Logging Encroachment
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+ Listed as endangered on the
IJUCN Red List

*  Endemic and threatened
species in decline

« Degradation of ecosystem
services
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Image credit: Texas Longleaf Team
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Project Pariners

Texas Texan Texas A&M
Longleaf By Forest
Team Nature Service
Non-profit Non-profit State Government

Community and Partner Concerns

« No comprehensive map of current
longleaf stands in eastern Texas

«  Challenging to measure success of
restoration efforts over fime and space

« Historical longleaf maps would help
prioritization of future restoration projects

Image credit: Texas Longleaf Team
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Image credit: Texas A&M Forest Service
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Objectives

Determine the feasibility of remote pine
species identification

Use satellite data to differentiate longleaf and
loblolly pine

Create a current map of longleaf distribution

Train a model to detect longleaf pine based on
imagery and ground-truth points

Produce historical maps of longleaf distribution

Apply our model on historical imagery from each
decade going back to 1985



Scope of Study

Study area
20 eastern Texas counties spanning
11.29 million acres

Study period
January 1985 — December 2024

Ground truth data
/65 polygons containing longleaf pine
182 polygons containing loblolly pine

Sampled and refined to 185 points for
each species
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Ground Truth Data Refinement

Image credit: Esri, USDA FSA

Filter ground fruth Mask and buffer Randomly generate training
data evergreen areads points and purify
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Comparison of Eastern Texas Pines

Longleaf pine

* Open, rounded crown of
glossy foliage

« Long, dark green needles

Image credits: Texas A&M Forest Service
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Loblolly pine

Dense, rounded crown of
dark foliage

« Shorter, blue-green needles

Copyright © Robert O'Brien

Image credits: Texas A&M Forest Service




SpeCh’dl Sig nqu res Mean spectral signatures of purified longleaf and

loblolly points by band
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Blue Green Red NIR SWIR 1 SWIR 2
Landsat 9 OLI-2 Band

The purified longleaf and loblolly points may only be
spectrally differentiable using the NIR band

Image credit: NASA
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Indices Improve Speciral Differentiability

Near Infrared (NIR) Spectral Comparison Bare Soil Index Spectral Comparison
€ 30 c .
3 32 . Longleaf Points
£ s £ |
& € 10 D Loblolly Points
g 2
C C
;‘_:3 0 S 0

0.14 0.165 0.19 0.215 0.24 -0.5 -0.375 -0.25 -0.125 0
Scaled Reflect BSI Val . .
seeareieeEnee e Selected indices

Modified Soil-Adjusted Vegetation Index Normalized Difference Moisture Index showed more

Spectral Comparison Spectral Comparison speciral
£ £ differentiation
S S between
< - longleaf and
=S = loblolly points
s <
o o

0.7 0.75 0.8 0.85 0.9 0.07 0.19 0.31 0.43 0.55

MSAVI Value NDMI Value
@ Eastern Texas Ecological Conservation



Classifier Input Data

30 Meter Landsat

Winter Imagery Resolution

Landsat Bands 2-7

\

Principal Component Analysis

Normalized Difference Moisture Index

Modified Soil Adjusted Vegetation Index

Normalized Difference Vegetation Index

Enhanced Vegetation Index

Bare Soil Index
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Methodology

Winter Cloud Mask
KelaleNelj —) & Scale
Imagery Factor

Evergreen
NLCD
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Methodology

Winter Cloud Mask
KelaleNelj —) & Scale
Imagery Factor

Evergreen
NLCD

Ground Point
Truth =) Generation
Areaqs & Purification
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Methodology

Indices &

Winter Cloud Mask
Landsat B & Scale —
Imagery Factor

Initial
Evergreen Supervised
NLCD Classification

|

Ground Point
Truth m) Generation (=)
Areaqs & Purification

Training
Points
A&B
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Methodology

Indices &

Winter Cloud Mask
Landsat Bl & Scale m—)
Imagery Factor ‘m
l J
\
Initial Validation
Evergreen Supervised == &
NLCD Classification Refinement
|
W,

Ground Point
Truth m) Generation (=)
Areaqs & Purification

Training
Points
A&B
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Methodology

Indices &

Historical

Winter Cloud Mask
Landsat e & Scale = Imogery &
Imagery Factor N Indices
| \ 1
Initial Validation Random
Evergreen Supervised == & —) Forest
NLER Classification Refinement Model
| &
L/

Ground Point
Truth m=) Generation =)
Areaqs & Purification

Training
Points
A&B
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Modeling and Validation

Random Forest Model

Ground fruth

5 0.06
Training Dataset }'5 _ > 90 102 0.12

| Total | 88 95 183

- - 0.14 0.05 0.09

TN
e 4 S

Majority Voting
l The high agreement and kappa suggest this
model fit the ground fruth data exceptionally well
Result
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Current Longleaf Distribution Results

Sam Rayburn
Reservoir
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Historical Resulis: 1985, 1995, 2005, 2015

Area of longleaf pine stands by decade
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Discussion of Model Behavior

Enhanced Landsat RGB Imagery

Sam Rayburn

Reservoir

Model keying in on
"pbrightness”
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Model Prediction @B iongieof @ Loblolly

Sam Rayburn

Reservoir

Confounding variables of
tree age and stand type
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Error and Limitations

Slash pine Shortleaf pine
(Pinus elliottii) (Pinus echinata)
Image credit: Esri, USDA FSA Image credit: Esri, USDA FSA Image credit: Texas A&M Forest Service
Temporal delay Longleaf data Loblolly data are Slash pine, shortleaf pine,
between NLCD are biased biased toward & hybridized longleaf-
and winter toward young, natural, mature loblolly

Landsat data planted stands stands
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Feasibility

The available ground truth data do
not account for confounding

variables of free age and stand type

,_//

Image credit: Esri, USDA FSA
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Feasibility

The available ground truth data do

not account for confounding
variables of free age and stand type

ot o

Longleaf pine
overclassification is likely due
to inadequate training data

for immature loblolly stands

Image credit: Esri, USDA FSA
@ Eastern Texas Ecological Conservation 24




Feasibility
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The available ground truth data do
not account for confounding

variables of free age and stand type

ol -

Longleaf pine
overclassification is likely due
to inadequate training data
for immature loblolly stands
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High classifier agreement
suggests that with more
targeted ground reference
data, improved longleaf pine
maps are feasible

Image credit: Esri, USDA FSA
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Partner Implementation

Image credit: Sue Waters
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Decrease scope, increase resolution

Use high resolution data for tree-level
analysis within a priority area

Diversify ground truth data

Collect tree data across a variety of
ages, species, and stand types

Increase number of classes

Classify across multiple variables such as
stand age, type, and other species
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