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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
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REGEN3
Model

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

Inputs:

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

2. ‘Knowledgebase’ for
geographic location

3. Site quality

REGEN3

USER GUIDE

™ Untitled - REGEN-3 - O

: File Edit View Help

NEH & 7o

Version: 3.0.1.5

‘g"‘ ‘Species Codes | |Knowledgebases

Stand Data H Run REGEN ‘

This module is used to enter stand data. The stands are listed across the top as separate tabs, Plus there is an additional tab, labeled " +Add+",
for creating new stands. Use the <F1> key for help using this module.

Midstory removal mixed hardwood - with site prep | ‘hﬁdd+|

Mame: |I'“'Iids1:or3«I removal mixed hardwoo:l Plot size: | p.p100 acres -
Tally date: 3122024 ~ Site index

Description: | gpecies compasition following a regeneration harvest (2-aged with 30 ft2facre of residual basal area) with site-preparation -~
treatments. The regeneration harvest is being conducted 10 years after a midstory removal treatment implemented via hack

W

—med s iied barkicide —meloabae

Potential Regeneration from New Seedling Establishment
There are no knowledgebases defined for this file

Spedies list

Elot Data | Treatments |

d Tara L. Keyser (Research Forester/Project Leader) - United States Department of Agriculture,
Southern Research Station, Upland Hardwoods Ecology and Management Research Work Unit

Flot: | 1 (9 records) hd | | Add | Delete (Ruv-2157)
Scott Thomasma (Forester/Ecologist) - United States Department of Agriculture, Northern
Plot | Species | Small Seedling | Medium Seedling Large Seedling Stump Sprout DBH list B Research Station, ining Forests in a Changing Envir Research Work Unit (RWU-
1 silverbell 2 0 5 21,22 i 4454)
1 red maple 9 4 2 1.9
1 northern red cak 5 3 4 133, 1.6
1 white cak 2 2 3
1 yellow poplar 3 0 0 15.8
1 black cherry 2 0 0
1 white ash 3 3 2 1.6,1.8
1 hickary 2 1 1
1 striped maple 0 3 5
2 striped maple 3 4 2 1.6, 1.7
2 northern red oak 4 2 3 1.8
2 yellow poplar 4 1 0 12.4
2 red maple 3 1 3 18,19
2 black oak 1 1 0 v
Ready STAND




REGEN3
Model

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

Inputs:

REGEN3

USER GUIDE

™ Untitled - REGEN-3 - O

: File Edit View Help

NEH & 7o

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

2. ‘Knowledgebase’ for
geographic location

3. Site quality

Version: 3.0.1.5

‘g"‘ ‘Species Codes | |Knowledgebases

Stand Data H Run REGEN ‘

This module is used to enter stand data. The stands are listed across the top as separate tabs, Plus there is an additional tab, labeled " +Add+",
for creating new stands. Use the <F1> key for help using this module.

Midstory removal mixed hardwood - with site prep | ‘hﬁdd+|

Mame: | Midstory removal mixed hardwoo-l Plot size: | p.p100 acres -
Tally date: Site index
Description: | Species composition following a regeneration harvest (2-aged with 30 ft2/acre of residual basal area) with site-preparation -~
h’eatﬂe_nts. Thg lregener_aﬁ:.:n harvest is being conducted 10 years after a midstory removal treatment implemented via hadk ]
Potential Regqe;'le;;:i;r: ;rnt;l:"lul'q\l‘;\:geﬂéa;;ésiﬁblishment
Species list There are no knowledgebases defined for this file §
d Tara L. Keyser (Research Forester/Project Leader) - United States Department of Agriculture,
m‘ Treatments | Southern Research Station, Upland Hardwoods Ecology and Management Research Work Unit
Flot: | 1 (9 records) hd | | Add | Delete (Ruv-2157)
Scott Thomasma (Forester/Ecologist) - United States Department of Agriculture, Northern
Plot | Species | Small Seedling | Medium Seedling Large Seedling Stump Sprout DBH list B Research Station, ining Forests in a Changing Envir Research Work Unit (RWU-
1 silverbell 2 0 5 21,22 i 4454)
1 red maple 9 4 2 1.9
1 northern red cak 5 3 4 133, 1.6
1 white cak 2 2 3
1 yellow poplar 3 0 0 15.8
1 black cherry 2 0 0
1 white ash 3 3 2 1.6,1.8
1 hickary 2 1 1
1 striped maple 0 3 5
2 striped maple 3 4 2 1.6, 1.7
2 northern red oak 4 2 3 1.8
2 yellow poplar 4 1 0 12.4
2 red maple 3 1 3 18,19
2 black oak 1 1 0 v
Ready STAND




Model
Predictions

m Treatments ]

Flot:

Regeneration
Inventory Plots

1 (5 records) ~ Add Delete Tally Form
Plot | Species | Small Seedling Medium Seedling Large Seedling Stump Sprout DBH list | A
1 silverbell 2 ] 3 21,22
1 red maple 9 4 2 1.9
1 northern red oak 5 3 4 13.3, 1.6
1 white cak 2 2 3
1 yellow poplar 3 0 0 15.8
1 black cherry 2 0 0
1 white azh 3 3 2 1.6, 1.8
1 hickaory 2 1 1
1 striped maple 0 3 5
2 striped maple 3 4 2 1.6, 1.7
2 northern red oak 4 2 3 1.8
2 yellow poplar 4 1 0 124
2 red maple 3 1 3 18,19
2 black oak 1 1 0 hd

Knowledgebase: SApp-sm; FVS variant: Southern Export to FVS
Species Plot Count | Stermn Count |TPA | Percent |
red maple 3 1092 759.27 3602
black cherry 2 6.00| 450,00 2135
northern red cak 4 544 40773 19.34
yellow poplar 2 1.80| 13500 641
white ash 2 112 24.20 3.99
hickory 2 1.00 75.00 3.56
eastern white pine 2 1.00 75.00 3.56
cucumber-tree 1 0.67 50.25 238
white oak 2 0.50 37.85 1.80
sweet birch 2 0.45 33.40 1.58
black oak 1 0.00 0.00 0.00
basswood 1 0.00 0.00 0.00
serviceberry 1 0.00 0.00 0.00
eastern hemlock 1 0.00 0.00 0.00
hophornbeam 1 0.00 0.00 0.00
sourwood 1 0.00 0.00 0.00
TOTALS 4 28.10| 2107.70 100.00

Species with SPA below 5.80 will be ignored

END

Compute
_Year =
End

IF

year eq
Then
Estab
Sprout
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
End
Endif

1
2819
8
_Year
8
1
1
1
1
1
1
1
1
1
1

Exported to
FVS as .kcp

Parms(All, 8., ©., B., 999.)

Parms (RM,
Parms({BC,
Parms (RO,
Parms(YP,
Parms (WA,
Parms({HI,
Parms (WP,
Parms(CT,
Parms (WO,
Parms(SEB,

759.266852, 10@., 2.
450.000000, 100., 2.,
4p7.730709, 100., 2.,
135.000008, 100., 2.
84.196882, 100.,
75.000000, 100.,
75.000000, 100.,
50.250000, 100.,
37.851526, 100.,
33.401893, 100.,

X

»
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REGENS3
Model

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

‘Knowledgebase’ for location consists of ranks of

competitive ability for species/categories

- lower rank is a more competitive stem

Knowledgebase: . Regeneration Categories -if both of these types of regen are present, model predicts basswood

Central Appalachian will be dominant after 10 years

Submesic Site
Species Srmall Seedlin-g Medium Seedling Large Seedling Stump Prob. Stump b0 | Stump b1 | Stump Rank | Mew Seed. Prob. Seed. Count | Seed. Rank | Root Sucker Prob.
American beech 0 0 8 0.50 0.000 0.000 + 0.00 0.30
ash 7 & 5 0.70 0.000 0.000 4 0.00 0.00
basswood B 4 2 0.80 0.000 0.000 1 0.00 0.00
black cherry B 4 2 0.70 0.000 0.000 1 0.40 20 8 0.00
black locust 4 3 2 0.70 0.000 0.000 1 0.40 25 8 0.40
black oak 0 8 & 0.00 3.133 -0.205 3 0.00 0.00
blackgum 0 0 8 0.60 0.000 0.000 & 0.00 0.00
buckeye 0 0 0 0.50 0.000 0.000 8 0.00 0.00
chestnut oak 0 0 7 0.00 2.463 -0.088 4 0.00 0.00
cucumber-tree 0 8 7 0.80 0.000 0.000 5 0.00 0.00
eastern white pine 4 3 2 0.00 0.000 0.000 0 0.30 3 8 0.00
flowering dogwood 0 0 0 0.80 0.000 0.000 8 0.00 0.00
hemlock 0 0 8 0.00 0.000 0.000 0 0.00 0.00
hickory 0 0 8 0.60 0.000 0.000 5 0.00 0.00
hophornbeam 0 0 8 0.80 0.000 0.000 7 0.00 0.00
mountain magnolia 0 0 7 0.50 0.000 0.000 & 0.00 0.00
northern red oak 0 8 5 0.00 31N -0.108 2 0.00 0.00
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Data Product 1:

Synthetic Stand Data for Polygon-wise Analysis Goals

Deliverable

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

Intended Audience:
NFS Forest Planners
NFS Silviculturalists

“What
regeneration
can we expect

polygon P

in this stand if
we specify a
regeneration
harvest?”

Output Table

o LG MD SM Overstory
9 Seedlings Seedlings Seedlings DBH List in
% per Area per Area per Area plots

Intended Audience:
NFS Policy Staff (District Ranger,
Supervisor, etc.)
NFS Planners

Raster Attributes

“What regeneration
Outpu Band 1 — Total Stems response.can We
Raster Band 2 - % Spp 1 expect in this
Band 3 - % Spp 2 landscape if there’s
widespread major

Band n - % Spp n-1

disturbance?”




Stump sprouts :
FIADB Datacube: From Datasets

Root suckers FIAdb &
Overstory New Seedlings Workflow 1 Needed
&
X FIADB Table:
Large Seedlings Ecoregion Knowledgebases
| Species |
From: '
Workflow 3
E Stump Sprout Rank
a8 TPA Stump Sprout Probabilities
Root Sucker Rank
Synthetic Needed Root Sucker Probability
Stand for : New Seedling Rank
New Seedling Probability
Data REGEN3 Large Seedling Rank
_ Medium Seedling Rank —
FIADB Table: Small Seedling Rank o
Medium Seedlings FIADB Table:
Species Small Seedlings
Species
= TPA - From: Site Index
o ° TPA TBD
a
(lo/med/hi)




Multi-band BIGMAP kNN Raster -
FIA Plot-Level Synthetlc Stand
Datacube
Construct
0.50
0.03
X | 004 = ‘Synthetic Stand Table’
0.10
0.03
0.30

Pixels in polygon
1 ) T a s 6 7 8 9 .n Plot] = Freq. . : 9

1 137 137 137 137 137 137 137 137 137 : - - - 7
3 3481 12280 3738 [6389' 9388 4706 |6389 3481 12289 4706 18
4 3738 3770 1071 12289 12289 3738 9201 3107 12525\\ 6389 24 372 — Sweet Birch 130 28 3 0
5 9249 (6389 8362 9249 3481 3481 3736 418 12700
6 12289 1332 12289 8362 3770 8362 12899 9272 9388 60 693 — Blackgum 1 11 0 0 1 1
7 12899 9388 3634 6167 3107 : 18
8 3770 8362 8735 3481 (6389712700 8945 12628 ﬁs&\ 19989 | 180 833 - N. Red Oak 6 22 2 1 1 0
9 4706 8735 4606 183 3738 14102 9269 12453 3770

8362 4706 3508 9269 6167 9201 3770 6167 8362 837 — Black Oak 5 3 3 2 0 1

11 (6389 9269 288 12899 9269 1071 6167 5136 9388
12 6152 6490 (6389 6379 3736 12563 3738 6547 11246
13 9386 12899 6550 6490 9201 375 288 1176 %;ég//
3
<]

BIGMAP k Neighbors
(=
o

14 183 1071 393 9201 4706 3598 12563 8362 B

15 3762 1320 8736 6547 12899 12628 6490 6902 8

16 6167 8736 6490 12700 12738 3770 3481 9201 14390
17 6520 8747 1332 1332 393 6550 8362 12289 9272
18 12453 3107 14583 9388 3786 8736 5778 12186 14102
19 3059 12563 3770 3770 6520 6167 9249 642 5750
20 3107 3634 1058 3634 642 6164 7699 14648 393




Upland Piedmont Hardwood
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Upland Piedmont Hardwood

Basal Area (sqgft®/acre)
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Pine Plantation Synthetic
Stands
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Pine Plantation
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Fort Barfoot Deciduous
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Bottomland Hardwood

Basal Area (sqft¥acre)
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Recently Cut Pine Plantation Synthetic
Stands
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Agricultural Field
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Synthetic
Stands

How many k
neighbors used
in this stand?

Synthetic Stand
Attribute Summary

Current
Summary [ .1

Attributes TPA BA QMD BAsaw  ShanTPa shanBa  SimpTPA  SimpBA Longleaf and slash pines
3354449904 59998 158, 3889 7.47559 4.497694 Ma 0. BEB1G1E O.5786193 2.2307E9 1.495932 0. OO O00000
TPA 335445000489998 164.5333  53.56367 7.723B819 Ma 1. 2684395 0.3514631  2.3543357 1.158278 0. OO O00000
BA 335445717489998 473.05536 109.11314 6. 503075 Ma 2. 0835640 1.1430571  4.451392 1.692521 0. Q00000000
335445736489998 905.4444 44, 57935 3.004500 Ma 1.7900778 2.4653919 3. B538049 8. 970726 0.040216853
QMD 335445737489998 1214.1444 155.18110 4, 840838 Ma Z2.1050464 1.1984747 4, 847022 1., 819876 0. Q00000000
BA sawtimber 461363022489998 E32. 9889 131.42014 5. 37E333 Ma 2. 2325807 1.6672136 7.183914 3.095493 0. Q0000000
Shannon Diversity 4561363019489998 417.0000 21.81225 3.09683E8 Ma 1, 5312305 1.6178906 3.998715 3.717436 0. Q0000000
461363020489998 384.4222 7F2.16767 5. BBEEZD Ma 1.4294428 0.6554507  3.047409 1, 337962 0. Q00000000
Index 335444145489998 1186.7556 147.75642 4. 777810 Ma 2.1001708 1.6171017 5.118445% 3, 074598 0.192972066
Simpson Diversity 335444146489998 451.4222 61, 56116 5.000325 Ma 1. 5622116 0.9208115 3.53453201 1.602318 0. Q00000000
264157970489998 337.78B9 EE.10761 6.913448 Ma 1.B8024556 1.7934908 4.022033 3. 556155 0. Q00000000
Index 2641579714E89998 1EB97.0667 93, 536928 3.007195 Ma 0.B65383284 0.7501455 1.332209 1. 372160 0.001398960
% Basal Area by 264157972489998 0923.7000 104.12416 4, 346180 Ma 1,7799517 2.0204749 4,.917307 5. 965838 0. Q000000
Species Group Code 264157973489998 279.777E  B4.,9027F 7.459171 Ma 2.1928786 1.9061645 6.639411 4, 719108 0. Q000000
264159709489998 1574.6778 60.55808 2.6533379 Ma 2. 3473106 2.4727026 8.308572 9,343123 0. Q000000
264160422489998 0. 0000 0. 00000 O, 000000 0 0.0000000 O.0000000 O.0000030 O.000000 0. Q000000
264160424489998 407.6222 41.13474 4, 301419 Ma 1, 2816850 1.9828560 5.031300 4.,619194 0. Q000000
Loblolly and shortleaf pines Other yellow pines Eastern white and red pines Jack pine Spruce and b:

3354449994 89998 0. 79605227 0. 000000000 ] NA

3354450004 59998 0.92818805 C. 000000000 o NA

13544571 74R000R N _7724R2T0 N NNNNANNNN N NA

FIADB plotCN




Point-Scale
Validation

7x7 Window

1 2 3 14 5 6 |7

2 1o lwoliil 13112 U.se a 7x7 window to.mlmlc the
Centered on pixels that would be in the stand
Subplot 1, th 43 | .
lffo'zaﬁ, pi,xele D |16 [ el el e characterized by the FIA plot

22 | 237725 26 |27 | 28

* Mask out non-forest

 Mask out ‘focal’ plot (the actual pixel

36 137 138 139 40 41 42 used in FeatureSpace)

 Mask out occurrences of ‘focal’ plot
anywhere in frequency table

29 | 30

43 44 45 46 47 48 49

Pixels/plot to scale
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New Jersey

Synthetic Stand Evaluation - STAND-scale State Inventory

160

120

80

40
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Stand structure

160

120

needs improvement

Synthetic Stand BA (sqgft/ac)
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Synthetic Stand TPA
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Synthetic Stand QMD (in.)
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Synthetic Stand %BA Oak

New Jersey
State Inventory
- _— 3 Stand - Scale

Synthetic Stand Evaluation - STAND-scale

Relative composition
at the species group
appears usable

¢ Northern NJ, Eco 221
Southern NJ, Eco 232

I - I T I T
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Observed %BA Oak




Synthetic Stand %BA Hard Pine

New Jersey
State Inventory
- _— 3 Stand - Scale

Synthetic Stand Evaluation - STAND-scale

Relative composition
at the species group
appears usable

¢ Northern NJ, Eco 221
Southern NJ, Eco 232

. .

0.0

0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Observed %BA Hard Pine



Synthetic Stand %BA Maple

New Jersey
State Inventory
- _— 3 Stand - Scale

Synthetic Stand Evaluation - STAND-scale

Relative composition
at the species group
appears usable
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Southern NJ, Eco 232
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s N N ( )
. . , Phenology
Climate (Daymet) Topography (National Elevation Dataset)
(Landsat)
. AN AN S
F hAYd N A l ™y
. ial Tasseled Cap
Mean annual Compound otentia Transformation
Mean annual : ’ ; annual direct 2
g i growing degree Elevation Slope topographic e
precipitation davs index incident )
Y radiation Harmonic
Regression
. 7\ 7 o

Bell et al. 2022

Frontiers in Forests and Global

Change

https://doi.org/10.3389/ffqgc.

2022.763422

S

Fourier series
coefficients

Improvement
Steps

None of the existing predictors
directly characterize stand
structure


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

Predictors
N Improvement

s N 7 N [ N N
Steps
Climate (Daymet) Topography (National Elevation Dataset) P{T::Slgf)y Height
\ L 1 BN J None of the existing predictors
p \( \( \( \( l Y ( l \( l \y directly characterize stand
Tasseled Cap Roughness structure
Mean annual Compound Potential Transformation Total metrics
zqr:?piatgrt‘iiil growing degree Elevation Slope toppgra phic an?nuc?:j:::fa & Ca nopy from
days index radiation Harmonic Height Sub-30m 1
Regression pixels Re-run BIGMAP with structural
information (e.g. height+) for

i ; ) selected provinces

Bell et al. 2022

Frontiers in Forests and Global Fourer eris Estimate im provement in
Change ] _
https://doi.orq/10.3389/ffqc. aboveground biomass estimates by

Use derivatives of pilot to estimate
improvement in synthetic stand
attributes


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

ETHz(irich @ EcoVision & seachpeces Earth Engine Apps
Loyers v szee oy | Global Canopy Height 2020

EcoVision Lab, Photogrammetry and Remote Sensing, ETH Zurich

L]
Global canopy top height for the year 2020 at 10 m ground a O H e I t P ro d u t S
sampling distance. A probabilistic deep learning mode! has been C I l | l C

developed to retrieve canopy top height from Sentinel-2 images
anywhere on Earth. This model, an ensemble of convolutional

neural networks (CNN) is trained with sparse supervision from .

GEDI derived canopy top height data (i.e. estimated RH98 from

e -tne-onelj ana in veveiopmen

dense estimates is gt

saturation effect col M

heigt fom optcal -Sentine

canopies with typical

map is based on Sent
ptember 2020. T TTOeT DT e

links to download data.

Research paper:  doi.org

Project page:  langnico.github.i anopyheight

Citation: ° . t
Lang, N,, Jetz, W, Schindler, K., & Wegner, J. D. (2023). A high- I I e I g I I

resolution canopy height model of the Earth. Nature Ecology &
Evolution, 112

Canopy top height Standard deviation . H e i g h t {l +”

>50m >15m

e Sub-30m metrics

om om

Earth Engine Assets:

var canopy_height =
ee. Inage("users/nlang/ETH_GlobalCanopyHeight_2020_10m_v1');

var standard_deviation =
e ceuomti e e e g e et e | SAeS NESM ee.Inage("users/nlang/ETH_GlobalCanopyHeightsD_2020_1om vi':

Earth Engine Apps Q

sateliite Global Forest Canopy Height, 2019

P. Potapov, X. Li, A. Hernandez-Serna, A. Tyukavina, M.C. Hansen, A.
ickens, S.

Armston, R. Dubayah, J. B. §
https://doi.org/10.1016/}.rst G EDI L d t
andsa
developed through the integ|

(GEDI) lidar
analysis-ready data time-series (Landsat ARD). The GEDI RH95
(relative height at 95%) metric was used to calibrate the model. The
Landsat multi-temporal metrics that represent the surface phenology
serve as the independent variables. The ‘moving window” locally
calibrated and applied regression tree ensemble model was
implemented to ensure high quality of forest height prediction and
global map consistency. The model was extrapolated in the boreal
regions (beyond the GEDI data range, 52°N to 52°S) to create the
global forest height prototype map.

GEDI: https:/gedi.umd.edu

Landsat ARD: https://glad.umd.edu/ard/home

Data download: https:/glad.umd.edu/dataset/gedi

Forest Canopy Height (m)

GEDI data [ 230 Boreal 230
extent regions

15 (prototype) 15

Select minimum canopy height (m): 3 &

Click for forest canopy height value:




Next
Steps

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

e 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




Thanks for Listening!

Bernard Isaacson

Bernard.Isaacson <at> usda.gov
Barry T. Wilson
Christopher Oswalt
Tara Keyser
Margaret Woodbridge
Callie Schweitzer

James Garner

2 M T UGA1118159

P B i S - oo X
Brian Lockhart, USDA Forest Service, Bugwood.org



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