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Study Site

 Savannah River Site in South Carolina

 Department of Energy facility but non-facility 
lands are managed by the Forest Service

 Total area is ~200,000 acres with ~170,000 
acres of forested land

 Lands managed for wood products and 
habitat for various species

 Some areas are restricted or require special 
precautions for entry

 Earlier lidar project in 2009-2010
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Project Objectives

1. Build operational inventory 

2. Research Investigation
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Sample Design

 548 Plot Fixed Radius Plots

 50 Validation Stands

 Lidar (leaf off)
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50 Validation-stands (9 x 0.1 acre plots)
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Hardwood Index

Mixed hardwood/conifer

Random Forest (RF) model on homogeneous plots (2m)
-height and intensity metrics
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Operational Products

 Raster layers
 Vector layer (many attributes)
 Site-wide Tree List

 FPS Database (https://fbrinstitute.org/)
 Evaluate management alternatives

 Demonstrate sustainable yield
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Raster Products8
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Vector layers9
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Tree List (FPS Database)10
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Research Question

 Model Type (PS, OLS, kNN, RF)
 Stand vs Plot
 No. Predictors
 Spp groups (vol x hw, sw)
 DBH (vol x spp grp x 2-inch bins)

 Growth projection
 DBH prediction methods?

 Midstory inference
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Findings
 R2 – proportion of variance explained
 Stand level
 Plot level

 Attributes
 ba = basal area
 bbm: biomass
 cbh: crown base height
 den: density, trees per acre
 lor: Lorey’s height
 qmd: quadratic mean diameter
 t40: top 40, top 40 trees per acre
 vol: board foot volume / acre
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Stand level Inference13
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Model Type (RF and kNN best)14

Stand level results
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Example Visual Diagnostics (Biomass, SW)15

Random Forest OLS (linear regression)
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Stand (solid) always better than Plot for same model type
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No. Predictors
17

Few=Elev.P20,Elev.P95,Profile.area,HWProportion
Many=Elev.minimum,Elev.mean,Elev.stddev,Elev.skewness,Elev.L1,Elev.P05,Elev.P10,Elev.P20,Elev.P40,Elev.P50,Elev.P60,Elev.P70,Elev.P80,Elev.P90,Elev.P99,Canop
y.relief.ratio,Percentage.first.returns.above.2.00,X.All.returns.above.2.00.....Total.first.returns....100,HWProportion,Profile.area
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Spp Group18
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Vol x DBH x Spp Group
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RF Results20
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Manuscript nearly complete

 More nuance …
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Conclusions

 Stand exceeds plot performance

 kNN, RF performed similarly

 RF is most robust (vol etc., dbh, spp)

 kNN is most convenient (tree list), but sensitive to tuning

 PS fared poorly 

 OLS was mediocre

 Few targeted predictors > many predictors > Automated VS

 HW Index yielded good Vol x HW performance

 Diameter predictions with RF pretty good
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Questions?23
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kNN24
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Hardwood proportion

 Use Random Forest (RF) classification model
 L-moment coefficient of variation of return heights

 Canopy cover (all returns > 2m / total 1st returns)

 Intensity P50 (median)

 Intensity P10

 Classification happens using 2m cells, proportion is computed for plots and 
30m cells (area-wide)

 Final classification model: overall classification accuracy: 94%
 70% of 2m cells used to build classifier

 30% used to compute overall classification accuracy
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Lidar data 

 Acquisition completed March 2018

 368 miles2

 40° FOV, 50% overlap

 ~8+ pulses/m2 (aggregate)



Plot design

37.24 ft

52.66 ft

1/10 acre

1/5 acre

2/5 acre

Trees >= 3” DBH 
on 1/10-acre plot

Plot Size 
(acre)

# plots

< 9 2/5 217

< 19 1/5 218

19+ 1/10 113
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GNSS survey for all plots

 Javad Triumph2 receivers on tripods

 15+ minute occupations with 1 second epochs

 Post-processed

 Anticipated accuracy better than 1m horizontal

 Measured accuracy
 10 large rocks that could be identified in point cloud

 Collect for 15+ minutes

 Digitize high point on rock in 2009 point cloud

 Ave difference: 0.52m; StdDev:0.27m; min: 0.14m; min: 1.10m
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Lidar metrics

 Clipped point data using plot location and size

 Computed full set of metrics using height & 
intensity for all plots (grid & mini-stand)

 Also computed metrics over acquisition area for 
30m cells
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Analysis Overview

 Compare:  Post Stratification (PS), OLS, kNN

 Validate with mini-stands
 Measured versus predicted

 Suite of forest metrics 
 BA

 BA 1 to 3 inches, 3-5 inches …

 Vol 

 Biomass

 …
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Background: Post-Stratification

Assign strata volumes / acre to pixels
Compute mean volume / acre per stratum from plots
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Background: kNN Imputation

 Prediction
 Get P90 for some pixel (target)

- 74’

 Find a field plot with similar P90 (donor) 

- 78’

 Grab Volume from donor

- 6000 ft3/acre

 Give to target

-> 6000 ft3/acre
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Background: OLS Regression
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FBRI FPS Integration
Important to Land manager

In progress:
 Impute tree lists to entire ownership
 Add to FPS
 Compare mini-stand TL projections with 

predicted TL projections

Current hurdles:
 species crosswalk
 link sqlite database (too big for Access)

The use of trade or firm names in this publication is for reader information and does not imply endorsement by the U.S. 
Department of Agriculture of any product or service.)



USDA Forest Service -- Pacific Northwest Research Station – Resource Monitoring and Assessment Program -- Vegetation Monitoring and Assessment Team

Tree List Imputation

 kNN pretty convenient

 Pull in actual tree records

 Previous study was promising
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kNN Tree Lists: Example Stands
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Tree List Performance: Overall
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HW / SW Classification

 Identify plots with only hardwood or conifer species for training
 Used total basal area on plot: 39 hardwood plots, 25 conifer plots

 Compute metrics (height and intensity) using 2m cells
 Isolate 1st returns within 2m of the canopy surface and compute another full set 

of metrics
 Use Random Forest (RF) with all metrics and then use variable importance 

scores to select 4 variables for the classification model
 L-moment coefficient of variation of return heights

 Canopy cover (all returns > 2m / total 1st returns)

 Intensity P50 (median)

 Intensity P10
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HW / SW Classification (cont)

 Run RF again with only the 4 variables (split data for training and validation: 
70% and 30%)

 Final classification model: overall classification accuracy: 94%

 Use the classification results for 2m cells to compute the proportion of the 
plot occupied by hardwood species

 Repeat the process using 2m metrics over entire acquisition area to 
populate 30m cells with the hardwood proportion
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Plot protocol

 Trees < 3” DBH (1/10-acre plots)
 Tally live trees by DBH class (1-2” & 2-3”) and species

 Trees ≥ 3” DBH (live and dead) (plot size varies)
 Species, DBH, total height, crown class
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