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Background

* To make informed
management decisions, forest
managers must know which trees
are located

» Forest inventories provide critical
data to agencies responsible for
management of large public land

« Remote sensing scales-up tree
species classification across large
areqs
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Image Credit: Superior National Forest
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Partner & Community Concerns

Partner

Minnesota Departiment of Natural Resources
(MNDNR)

Division of Forestry, Resource Assessment Program
Manages the Superior National Forest (SNF)

Community Concerns

Current tree species cover data is insufficient
to inform management decisions about:

+ Logging
« Wildfire prevention & recovery
» Biodiversity conservation

Image Credits: MNDNR, Superior National Forest
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Objectives

ﬁ& Improve existing species classification model accuracy

‘ Map current free species distribution in Superior National Forest

V|
‘) Determine forest composition change between 2021 & 2024
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Study Area & Period

o A The Superior National
D v | ‘ ! Forest

« 1.2 million hectares
of federally
managed forest

Study Period
« Spring & Fall 2021
« Spring & Fall 2024

Minnesota

- Superior National Forest SNF Lakes

0 15 30 60 90 .
Kilometers

Esri, CGIAR, USGS, Sources: Esri, TomTom, Garmin, GAO, NOAA, USGS, OpenStreetMap
confributors, and the GIS User Community, Sources: Esri; U.S. Department of Commerce,
Census Bureau; US. Department of Commerce (DOC), Natfional Oceanic and Afmospheric
Administration (NOAA), National Ocean Service (NOS), National Geodetic Survey (NGS)
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Earth Observations

Landsat-8 OLI
NASA

2013-Present

_______________

_______________
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30-meter
resolution

+

Sentinel-2 MSI

ESA

2015-Present

Harmonized Landsat-Sentinel- 2 (HLS) Product

Image Credits: NASA, ESA



Tree Species Classification Variables

Sample Size Distribution by Class

Tree Species Classes 260
ASh 240

220

Oak o

Jack Pine 180
White Pine g 160
Norway Pine 8 ]‘;‘2
White/Red Cedar 3 0

White Spruce/Balsam Fir
Upland Larch (Tamarack)
Northern/Central Hardwood
Upland/Lowland Black Spruce

Aspen/Birch/Balm of Gilead/
Cottonwood/Hybrid Poplar

Other
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Tree Species Classification Variables

Tree Species Classes

Ash Spectral Signatures
Oak

Jack Pine
White Pine
Norway Pine
White/Red Cedar
White Spruce/Balsam Fir
Upland Larch (Tamarack)
Northern/Central Hardwood
Upland/Lowland Black Spruce

Aspen/Birch/Balm of Gilead/
Cottonwood/Hybrid Poplar

Reflectance (%)

Other

Visible Light
(380 - 780 nm)

Infrared
(780 nm - Tmm)
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Tree Species Classification Variables

Tree Species Classes

Oak
Jack Pine
White Pine

Norway Pine
White/Red Cedar
White Spruce/Balsam Fir
Upland Larch (Tamarack)
Northern/Central Hardwood
Upland/Lowland Black Spruce
Aspen/Birch/Balm of Gilead/

Cottonwood/Hybrid Poplar
Other

A
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Tree Species Classification Variables

Tree Species Classes

Oak
Jack Pine
White Pine 11.33m

radius

Norway Pine
White/Red Cedar
White Spruce/Balsam Fir
Upland Larch (Tamarack)
Northern/Central Hardwood
Upland/Lowland Black Spruce

Aspen/Birch/Balm of Gilead/
Cottonwood/Hybrid Poplar

Other
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Preparing Model Inputs

x: ‘(Vege’ro’rion Indices:
>pectral Data . g | NDVI, NDMI, & NDWI J Ga-é
@ HLS-2 Surface Reflectance %
Product (30m) 2 (ST :
Bands 1-12 % d Principal Component Analysis (PCA) ]
/ 4
» Canopy Height
Topographic Data \ i = ] AT
™\ e
a USGS 3DEP Digital Elevation Layers a3 Elevation
@l | (1m2) ~L0 ¢
i y  Slope
| Aspect

Training Data

9 Cover Type Sample Plofts g 12 Tree Species Groupings ﬁ&
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Gradient Boosted Classification Model

Tree 1

R St i T

Tree 2

Uses decision trees to build

Tree 3

Tree 4

Builds trees sequentially, learning and

a machine learning model
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Improving accuracy as it goes
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Model Workflow Diagram

Spring and Fall

R [ Model ]

11.33m
radius

Training Data
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Model Workflow Diagram

Spring and Fall
Raster Layers

( Topographic Layers \

1

Spectral Layers \ [

Confusion Maftrix

Principal
Component Analysis

Training Data

Summary of Variable
Importance for each input
layer

Plot Based Inventory
(PBI)

|

Trained Model File
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Model Workflow Diagram

Spring and Fall

e [ Model ]

( Topographic Layers \ 1

Spectral Layers \ : :
’ [ Confusion Maftrix

Principal
Component Analysis

_

Summary of Variable

Importance for each input
Training Data layer

{ Plot Based Inventory }

(PBI) [ Trained Model File

-
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Species

for Superior
National Forest

~

Classification Map
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Results

Highest accuracy version
of the model
Updated land cover
classification map
Land cover change from
2021 to 2024
l Variable Importance \
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Kappa Index of Agreement
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Overall Classification Accuracy

100%

90%

80%

70%

60% —

50%

40%

30%

20%

10%

0%

Spring Spectral Fall/Spring Spectral Spring Spectral + Fall/Spring Spectral
Topographic + Topographic

@ Northern Minnesota Ecological Conservation



Confusion Matrix

Prediction
1= Ash 1 2 3 4 5 6 8
2 = Aspen/Birch/Balim
of Gilead/Cottonwood/Hybrid 'mme 4 O 0 0 0 !
Poplar 2 17 156 9 2 11 4 13
3 = Black Spruce Upland/Lowland 3 2 3 94 3 0 1 2
4 = Jack Pine 4 0 1 0 4 0 1 0
5 = Northermn/Central Hardwood 5 0 3 0 0 19 1 0
6 = Norway Pine - 6 0 1 3 1 0 11 0
fr—
7 = Oak IF:’ 7 0 0 o 0 0 0 0
8 = Others 8 3 1 4 0 1 0 7
? = Upland Larch (Tamarack) i 0 ] > ] 0 0 >
. . 10 0 2 0 0 0 1 0
10 = White Pine
11 1 6 4 4 1 1 3
11 = White Spruce/Balsam Fir
) 12 0 3 3 3 2 0 1
12 = White/Red Cedar
Total 38 181 124 18 34 20 32
UA (%) 315 861 774 222 558 55 21.9
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PA (%)

57.1
62.4
71.1
66.7
79.1
52.3

NA
36.8
63.1
66.7
17.6
52.5

OA=61.1%
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2021 Land Cover Classification Map

______ Forest Cover Type
Ash

Oak

Ofthers

Jack Pine

White Pine

Norway Pine

White/Red Cedar

White Spruce/Balsam Fir
Upland Larch (Tamarack)

Northern/Cenftral Hardwood

Black Spruce Upland/Lowland

— < o - Igilome’rers "
Aspen/Birch/Balm
Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Of G”eO d/CO-I--I-O nWOOd/HYbrid POplCIr
Community
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2021 Most Accurate Classes

Forest Cover Type

| B Biack Spruce Upland/Lowland

B Aspen/Birch/Balm
of Gilead/Cotfttonwood/Hybrid Poplar

*  Black Spruce Upland/Lowland
User Accuracy: 77.4%

«  Aspen/Birch/Balm of
Gilead/Cottonwood/Hybrid
A Poplar User Accuracy: 86.1%

N

0 15 30 60 90

20
Kilometers

Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, © OpenStreetMap contrioutors, and the GIS User
Community
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2021 Land Cover Classification Map

Area by Cover Type (km?)

50,000

45,000

40,000

35,000

30,000

25,000

20,000

G g i 15,000
B 10,000
0.27 km?
o 15 30 60 90 1120 N 5,000 . l
s Kiometers
; B . T
DY ) O\ QN
aspen/Birch/Baimof | 3 & @ &Oo &L
Gilead/Cottonwood/Hybrid Poplar O ° o ‘\\e’ O o) © &
N \% of(\ N L @ o

Sources: Esri, TomTom, \O(\ oe’\ & > ®\<2~ <
Garmin, FAO, NOAA, USGS, X S <& S &
© OpenStreetMap @ o%Q 6\9 S, ]
conftributors, and the GIS %Q@ $\(\<\ & Q&
User Community OC\’{_ & %O{‘\(\

@ Northern Minnesota Ecological Conservation 22



2024 Land Cover Classification Map

______ : Forest Cover Type
Ash

. Oak

Ofthers

Jack Pine

White Pine

Norway Pine

White/Red Cedar

White Spruce/Balsam Fir
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Northern/Cenftral Hardwood

Black Spruce Upland/Lowland

— < o - Igilome’rers "
Aspen/Birch/Balm
Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Of G”eO d/CO-I--I-O nWOOd/HYbrid POplCIr
Community
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2024 Land Cover Classification Map

Area by Cover Type (km?)
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Variable Imporiance

Spring SWIR (short-wave

Canopy Height infrared)

Ranked most important
across all models that

Ranked within top 5
variables of importance

included topographic across all model variations

data

Seasonality

Multi vs single season

Imagery
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Errors and Uncertainty

Image Credit: Superior National Forest
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Input Variables %
. Canopy height
* LIDAR temporal resolution
« LIDAR spatial resolution

Training Data 9

« Positional accuracy
Point versus plot format

Sample size
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Comparison of Sample Size Class to User
Accuracy
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Feasibility and Implementation

Our project demonstrates With current model With a new model
the feasibility of using Earth accuracy, it is not yet methodology and more
Observations in feasible to provide @ data, our partner can
conjunction with a high accurate forest pursue further model

machine-learning model type maps for 2021 & refinements to achieve
to classify forest types for 2024. even higher model
the Superior National accuracy.
Forest.
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Conclusions

4  We increased overall model
accuracy through inclusion of
" spectral and topographic data

- Canopy height and spring short
wave infrared bands was
determined to be the most
important variables to include in
model development

 Larger or more balanced sample
sizes would result in a more reliable
model

Image Credit: Superior National Forest
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