
BIGMAP-derived
Synthetic Stand Data 

to Predict 

FVS-ready Regeneration 
from REGEN3

Bernard Isaacson, Barry T. Wilson, 
Christopher Oswalt, Tara Keyser,        

Margaret Woodbridge, Callie Schweitzer, 
James Garner

USDA Forest Service



What’s BIGMAP?

• Big Data, Mapping, and Analytics 
Platform

• National scale geospatial modeling 
environment

• Pipeline from FIA research to 
development

• Leverages USDA Esri enterprise 
license in the AWS cloud



Current 
BIGMAP 

Workflows

• Time period 
2014-2018

• Landsat 8 OLI 
imagery

• 212,978 FIA 
central subplots

• CCA models and 
imputation by 
ecological 
province
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BIGMAP

Pixel with known Predictors
but unknown response (most pixels)

• FIA Plots
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Pixel with known Predictors
but unknown response (most pixels)

• FIA Plots

https://doi.org/10.3389/ffgc.2022.763422


kNN Rasters 
for Ecological 

Provinces
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Model to predict 
compositional outcomes 
based on the competitive 
abilities of the different 
sources of regen

Inputs:

1. Fixed-area regeneration 
inventory data (1/100th to 
1/300th acre plots)

2. ‘Knowledgebase’ for 
geographic location

3. Site quality

REGEN3
Model
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Regeneration
Inventory Plots

Model 
Predictions

Exported to 
FVS as .kcp



REGEN3
Model

Regeneration Categories

‘Knowledgebase’ for location consists of ranks of 
competitive ability for species/categories

- lower rank is a more competitive stem

Northern Red Oak Large Advance Reproduction (rank 5) << Basswood Stump Sprout (rank 1)

-if both of these types of regen are present, model predicts basswood 
will be dominant after 10 years

Knowledgebase:
Central Appalachian
Submesic Site



New 
Seedlings

Root 
Suckers

Small 
Advance

Rep.
<2’ ht

Medium
Advance 

Rep.
2-4’ ht

Stump 
Sprouts

Large
Advance 

Rep.
>4’ ht

<1.5”dbh

Lower Rank = Greater Competitive Ability

More Competitive

> > > > ≈

From 
Overstory Data

From 
Seedling Data

Existing Knowledgebase Summary
REGEN3
Model



Data Product 1:
Synthetic Stand Data for Polygon-wise Analysis

Intended Audience: 
 NFS Forest Planners
 NFS Silviculturalists

Output Table

Sp
ec

ie
s LG 

Seedlings 
per Area

MD 
Seedlings 
per Area

SM 
Seedlings 
per Area

Overstory 
DBH List in 

plots

Data Product 2:
Synthetic Stand Data for Pixel-Wise View

Intended Audience: 
 NFS Policy Staff (District Ranger, 

 Supervisor, etc.)
 NFS Planners

Output 
Raster

Band 1 – Total Stems
Band 2 - % Spp 1
Band 3 - % Spp 2
…
Band n - % Spp n-1

polygon P
Raster Attributes

“What 
regeneration 

can we expect 
in this stand if 
we specify a 
regeneration 

harvest?”

“What regeneration 
response can we 

expect in this 
landscape if there’s 
widespread major 

disturbance?”

Deliverable 
Goals



Species

P
lo

t
Datasets 
Needed

FIADB Datacube:
Overstory

TPA

Ecoregion Knowledgebases

Sp
e

ci
es

Stump Sprout Rank
Stump Sprout Probabilities
Root Sucker Rank
Root Sucker Probability
New Seedling Rank
New Seedling Probability
Large Seedling Rank
Medium Seedling Rank
Small Seedling Rank

TPA

P
lo

t

Species

FIADB Table:
Large Seedlings

TPA

P
lo

t

FIADB Table:
Medium Seedlings

Species

TPAP
lo

t

FIADB Table:
Small Seedlings

Species

Stump sprouts
Root suckers
New Seedlings

From:
FIAdb &

Workflow 1

From: 
Workflow 3

Site Index

(lo/med/hi)

From: 
TBD

Needed 
for 

REGEN3

Synthetic 
Stand 
Data

R9: FIAdb

R8: FIAdb + 
Workflow1



Stand 
Boundary

Multi-band BIGMAP kNN Raster
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Pixels in polygon Plot       Freq.
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FIA Plot-Level 
Datacube
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× = ‘Synthetic Stand Table’ 

Spp. Code - Species
1-
3”

3-
5”

5-
7”

7-
9”

9-
11”

… >37”

372 – Sweet Birch 130 28 3 2 1 0

693 – Blackgum 1 11 0 0 1 1

833 – N. Red Oak 6 22 2 1 1 0

837 – Black Oak 5 3 3 2 0 1

Synthetic Stand
Construct



All 171 nearest 
neighbors

Upland Piedmont Hardwood

Steps 1 through 
2i.-iii.

Synthetic 
Stands



Using k= 1:48

Upland Piedmont Hardwood

Steps 1 through 
2i.-iii.

Synthetic 
Stands



Using k = 1:171

Pine Plantation

Steps 1 through 
2i.-iii.

Synthetic 
Stands



Pine Plantation

Steps 1 through 
2i.-iii.

Using k= 1:48

Synthetic 
Stands



Fort Barfoot Deciduous

Steps 1 through 
2i.-iii.

Using k= 1:48

Synthetic 
Stands



Bottomland Hardwood

Steps 1 through 
2i.-iii.

Using k= 1:48

Synthetic 
Stands



Recently Cut Pine Plantation

Steps 1 through 
2i.-iii.

Method struggles with stands 
disturbed during interval of BIGMAP 

imagery (2014:2018)

Synthetic 
Stands



Agricultural Field

Steps 1 through 
2i.-iii.

Using k= 1:48
Capable of incorporating Non-Forested 

plots with some noise expected

Synthetic 
Stands



Synthetic Stand 
Attribute Summary

How many k 
neighbors used 
in this stand?

FIADB plotCN

Current 
Summary 
Attributes

• TPA
• BA
• QMD
• BA sawtimber
• Shannon Diversity 

Index 
• Simpson Diversity 

Index
• % Basal Area by 

Species Group Code

Synthetic 
Stands



1       2      3       4       5       6       7

8       9      10     11    12     13    14

15     16     17    18     19     20    21   

22     23    24     25     26    27     28

29     30     31    32     33    34     35

36     37    38     39     40    41     42

43    44     45     46    47     48     49

7x7 Window

Centered on 
Subplot 1, the 

‘focal’ pixel

Pixels/plot to scale

Use a 7x7 window to mimic the 
pixels that would be in the stand 
characterized by the FIA plot 

• Mask out non-forest
• Mask out ‘focal’ plot (the actual pixel 

used in FeatureSpace)
• Mask out occurrences of ‘focal’ plot 

anywhere in frequency table

Point-Scale
Validation



7x7 window
Masked to just forest
Holdout central instance of focal 
plot

Point-Scale
Validation



7x7 window
Masked to just forest
Holdout any instance of focal 
plot in central 3x3 window

Point-Scale
Validation



7x7 window
Masked to just forest
Holdout any instance of focal 
plot in central 5x5 window

Point-Scale
Validation



7x7 window
Masked to just forest
Holdout any instance of focal 
plot in whole window

Point-Scale
Validation



7x7 window
Masked to just forest
Holdout any instance of focal 
plot in whole window
Neighborliness Weights (1/freq)

Point-Scale
Validation



New Jersey
State Inventory

Stand - Scale



Stand structure 
needs improvement
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Relative composition 
at the species group 

appears usable

New Jersey
State Inventory

Stand - Scale
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Relative composition 
at the species group 

appears usable

New Jersey
State Inventory

Stand - Scale



None of the existing predictors 
directly characterize stand 
structure

-Re-run BIGMAP with structural 
information (e.g. height+)

-Except re-running BIGMAP is a 
large undertaking already

-Pilot the incorporation of height to 
estimate improvement in 
aboveground biomass estimates

-Use derivatives of pilot to 
estimate improvement in synthetic 
stand attributes

Bell et al. 2022
Frontiers in Forests and Global 

Change
https://doi.org/10.3389/ffgc.

2022.763422

Height

Total 
Canopy 
Height

Roughness 
metrics 

from 
Sub-30m 

pixels

Improvement
Steps

https://doi.org/10.3389/ffgc.2022.763422
https://doi.org/10.3389/ffgc.2022.763422


None of the existing predictors 
directly characterize stand 
structure

Re-run BIGMAP with structural 
information (e.g. height+) for 
selected provinces

Estimate improvement in 
aboveground biomass estimates by 
adding height

Use derivatives of pilot to estimate 
improvement in synthetic stand 
attributes

Bell et al. 2022
Frontiers in Forests and Global 

Change
https://doi.org/10.3389/ffgc.

2022.763422

Height

Total 
Canopy 
Height

Roughness 
metrics 

from 
Sub-30m 

pixels

Improvement
Steps
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Canopy Height Products 
Off-the-Shelf and in Development

GTAC’s 
NAIP-based 

Height?
GEDI-Landsat

GEDI-Sentinel

• Height 

• Height “+”
• Sub-30m metrics



• Evaluate Synthetic Stands using 
USFS National Forest System 
stand exam data

• Re-run CCA ordination using 
height products
• Evaluate effect on live 

aboveground biomass prediction
• Evaluate effect on synthetic stand 

structure

• Expand geographic scope of 
REGEN3 knowledgebases 
• Hardwood-dominated provinces 

of regions 8 & 9

Next 
Steps

N
JF

S



Thanks for Listening!

Bernard Isaacson

Bernard.Isaacson <at> usda.gov

Barry T. Wilson

Christopher Oswalt

Tara Keyser

Margaret Woodbridge

Callie Schweitzer

James Garner

Brian Lockhart, USDA Forest Service, Bugwood.org

https://www.forestryimages.org/browse/detail.cfm?imgnum=1118159#collapseseven
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