Hardwood Species Identification using random forest
classification on multitemporal Sentinel 2
multispectral imagery in the Willamette Valley

Forest Health/Aerial Survey Specialist
Forest Resources Division
Oregon Department of Forestry



Emerging Forest Pests
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The interaction of ecophysiology and optics
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Sentinel 2 Imagery
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Exploiting Interspecific
Phenological Variability
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Persson et al., 2018



Sentinel 2 Scenes
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Modeling Process Overview
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Atmospheric Correction

9 SNAP | Sentinels Application Platform 2
Using SNAP Tutorial
SEN2COR Processor

Installing on CentOS 7
Using on CentOS 7
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Tile-to-Tile Color Balancing




Topographic Correction




Statistical-empirical correction

cos(i) = cos(e) cos(z) + sin(e) sin(z) cos(a — a™)
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Figure 2: Angles necessary for computing the incident angle

{based on Teillet et al. 1982).
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Canopy Masking

NIR — Red

DVI =
NDV NIR + Red

4-band
NAIP imagery
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Sentinel 2 Imagery
Area of Inquiry

Willamette Valley
Level lil ecoregion

]

Tree Species
bigleaf maple (Acer macrophyllum)

black cottonwood (Populus balsamifera ssp. trichocarpa)
conifers (Plantae:Gymnospermae)

European filbert (Corylus avellana)

Oregon ash (Fraxinus latifolia)

Oregon white oak (Quercus garryana)

red alder (Alnus rubra)

urban street trees
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Vegetation Index | Abbreviation Formula Reference
Normalized NIR — R .
Difterence NDVI NIR + R ;ﬂeg 1E1't(119ff 9}_, 4)
Vegetation Index otise et al |
Difference DVI DVI =NIR — R Richardson et al.
Vegetation Index (1977)
Greenness

' NIR -05(B -G
Normalized GNDVI (B~ 6) Wu (2014)
Difference NIR + 0.5(B + G)
Vegetation Index
. NIR — B .

Moditied Red-Edge MRESR Sims and Gannon
Simple Ratio RE—B (2002)
Mean Chlorophyll RE _
Absorption Ratio MCARI (Re —R) — 0.2(RE — G]{?j Daughtry et al.

Index

(2000)




Modeling — Random Forest Classifier

DATASET

Tuning Hyperparameters
mtry: 8-15
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ree Species

bigleaf maple (Acer marcophyllum)

black cottonwood (Populus balsamifera ssp. trichocarpa)
conifers

European filbert (Corylus avellana)

Oregon ash (Fraxinus latifolia)

Garry oak (Quercus garryana)

red alder (Alnus rubra)

urban stree tree

burn scar

Sentinel 2 Imagery

Area of Inquiry
Willamette Valley

Level lll Ecoregion




Model Validation
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K-folds cross-vahdation
5 repetitions of 10 folds

Predicted tree species

urban

Overall ac 98 1% bigleaf | black conifers European | Oregon | Garry | red e OMUS5101

Enﬂﬁn‘s -0 g‘;r'. R maple | cottonwood filbert ash oak alder — erTor rate
h‘gl‘?z’f 1.2% 0.1% 0.0% 0.0% 0.0% | 00% |00% | 00% |54%
Eﬂﬂwm 4 | 00% 4.7% 0.1% 0.0% 0.1% | 00% | 00% | 01% |5.6%
conifers 0.0% 0.0% 13.0% 0.0% 0.0% | 00% | 00% | 02% | 26%
E‘l’;:r’f““ 0.0% 0.0% 0.0% 9.5% 0.0% | 00% |00% | 00% |09%

Tre tree

species Eﬁf“ﬂ 0.0% 0.1% 0.1% 0.0% 7.0% | 0.0% | 00% | 01% |3.1%
Eih‘;f;j - 0.0% 0.1% 0.0% 0.0% 01% | 28% |00% | 02% |41%
Eﬂ 0.0% 0.0% 0.0% 0.0% 0.0% | 00% |20% | 00% |s5.0%
EI:: SIEEt | 9.0% 0.0% 0.1% 0.0% 0.0% | 00% | 00% | 57.8% | 1.1%
COMMUSSION 1 40 49, 6.9% 2.0% 0.5% 46% | 11.7% | 6.0% | 04% | 98.1%

error rate
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Sentinel 2 Imagery
Area of Inquiry

Willamette Valley
Level lll ecoregion

0

Tree Species
bigleaf maple (Acer macrophyllum)

black cottonwood (Populus balsamifera ssp. trichocarpa)
conifers (Plantae:Gymnospermae)

European filbert (Corylus avellana)

Oregon ash (Fraxinus latifolia)

Oregon white oak (Quercus garryana)

red alder (Alnus rubra)

urban street trees




264 validation sites
33 sites per species

Predicted tree species

Ovwerall accuracy: bigleaf | black £ European | Oregon | Garry red e OmM155101
70.5% maple cottonwood | oo | filbert ash oak alder street error rate
Cohen’s kappa: 0.67 trees
bigleaf 4. 5% 0.4% 1.5% 0.8% 1.5% 0.0% 2. 7% 1.1% 63.0%
maple (12264) | (1264) | (a/264) | (2/264) | (4/264) | (0264) | (7264) | (3/264) | (21/33)
black 0.0% 7.6% 0.8% 0.0% 1.9% 0.4% 0.8% 1.1% 28.6%
cottonwood | (0/264) | (20264) | (2/264) | (0/264) | (5/264) | (1/264) | (2264) | (3/264) | (13/33)
Conifers 0.0% 0.4% 12.1% 0.0% 0.0% 0.0% 0.0% 0.0% | 3.0%
(0264) | (1264) | (32/264) | (0/264) | (0/264) | (0/264) | (0/264) | (0/264) | (1/33)
True European 0.8% 0.0% 0.0% 10.6% 0.4% 0.8% 0.0% 0.0% 15.2%
e filbert (2/264) (0/264 (0/264) | (28264) | (1/264) | (2264) | (0264) | (0/264) | (5/33)
species Oregon 0.8% 0.4% 0.4% 0.0% 10.2% 0.0% 0.0% 0.4% 15.6%
Ash (2264) | (1264) | (1/264) | (0/264) | (27/264) | (0/264) | (0/264) | (1/264) | (6/33)
Garry 0.0% 0.0% 0.4% 0.0% 0.0% 9 8% 0.0% 2.3% 18.2%
Oak (0/264) | (0/264) | (1/264) | (0/264) | (0/264) | (26/264) | (0/264) | (6/264) | (6/33)
red 0.8% 1.5% 1.9% 0.0% 2. 7% 0.0% 5.3% 0.4% 57.6%
alder (2264) | (4264) | (5/264) | (0/264) | (7/264) | (0/264) | (14/264) | (1/264) | (19/33)
urban street 0.0% 0.4% 0.0% 0.0% 1.5% 0.0% 0.0% 10.2% | 15.6%
trees (0264) | (1/264) | (0/264) | (0/264) | (4/264) | (0/264) | (0/264) | (27/264) | (6/33)
COMIINISS101 33.3% 28.6% 28.9% 0.7% 43 8% 10.3% 39.1% 34.1% | 70.5%
error rate (6/18) (8/28) (13/45) | (2/30) | (2148) | (3/29) | (9/23) | (14/41) | (188/264)
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