QSDA Forest Service
—/‘ U.S. DEPARTMENT OF AGRICULTURE

Mapping Carbon: Forest Inventory and Analysis,
TreeMap, and the Forest Vegetation Simulator

Rachel M. Houtman, Karin Riley, John Shaw (USDA Forest Service)

Rachel M. Houtman
Biological Scientist, USDA Forest Service, Missoula Fire Sciences Lab

4/10/2024 Growth Model Users Group Conference



Stand data + Spatial data layer + Stand growth model

FIA plot

data LANDFIRE

Random Forest
Interpolation

A 4

Where the magic happens

TreeMap
and
FuelMap

Forest
Vegetation

Simulator

A 4

Mapped
forest
attributes

FIA Data

v

TreeMap



Forest Inventory and Analysis

FIA is a nation-wide assessment of forest
lands that consists of multiple parts.

1 plot per 6,000 acres (approx.).
Remeasured every 5-10 years.

These are direct-measured forest plots
across land ownerships (plot locations are
not available to the public).

The FIA program maintains a database of
all plots that are available to the public.

Fuels are measured on a subset of plots.

Forest Inventory and Analysis National Program

Forest Inventory and Analysis

We are the Nation's Forest Census AWeloo™



https://www.fia.fs.usda.gov/

TreeMap

CONUS-wide dataset of FIA plot data
interpolated to gridded LANDFIRE

data.

Current versions available were
created using 2014 and 2016
LANDFIRE, 2020 and 2022 versions
are in process.

Datasets are available from the
Research Data Archive and 2016
TreeMap is now available on Google

Earth Engine.
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FuelMap
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Fuels include litter, duff, fine woody
debris, and coarse woody debris. SECIE DRV AT

Q, Search catalog @
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Publication Details

Title: FuelMap 2014: Imputed map of carbon stored in litter, duff, fine woody debris, and coarse woody debris

H a bitat for CONUS forests circa 2014 E3

Author(s): Riley, Karin L.; Grenfell, Isaac C.; Shaw, John D.
Publication Year: 2023

F u e l t ra n SeCtS I n F IA a re CO l lecte d How to Cite: These data were collected using funding from the U.S. Government and can be used without additional

permissions or fees. If you use these data in a publication, presentation, or other research product

O n ly fo r a S u bset Of p lots . please use the following citation:

Riley, Karin L.; Grenfell, Isaac C.; Shaw, John D. 2023. FuelMap 2014: Imputed map of carbon
stored in litter, duff, fine woody debris, and coarse woody debris for CONUS forests circa

Fu e l M a p a IIOWS fo r d i rect loa d i n g Of 2014..Upd_ated 07 February 2024. Fort Collins, CO: Forest Service Research Data Archive.

. https://doi.org/10.2737/RDS-2023-0042
t h ese fu e l Va l u es I n to t h e FVS Abstract: FuelMap 2014 is an imputed map of litter, duff, fine woody debris, and coarse woody debris loadings for
database, rather than the default

values.




The Forest Vegetation Simulator

A Forest Service-maintained stand-
based forest growth model

Multiple geographic variants for
CONUS and Alaska.

The model can compute and report a
wealth of stand-level characteristics,
including volume, fire behavior,
carbon, and more, as well as
individual tree attributes like post-fire
mortality.

Requirements include a stand table
with a tree list for every stand, length
of simulation (in years), and desired
outputs.




Example Application on the HJ Andrews Research Forest
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Identify TreeMap plots within the study area boundary
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Plot ID
I 216958983020004
29880506010497
48203520010497
4454239402000
29880493010497
I 345934942469998
W 30762629020004
B 2931948010497
345935404489998
M 273641192469998
[ 188771531020004
[ 40390697010690
I 37276219010690
I 1877153202000
I 3727463401069
B 1236853010690

HJ Andrews TreeMap 2014 Wl 35935224465995

I 3076338702000
I 29852031010497
I 4020037010497
I 30852724020004
N 346864609469998
I 40219724010497
I 22828207010497
I 22932852010457
N 22932138010497
I 4021933101097
I 216960999020004
I 273641615469998
N 216959364020004

345935181455998

22932178010497
I 2224517010497

345934959469998
I 22953829010497
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[ 40403358010497
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[ 3076500202001
I 2282426001047
I 345934596489998
N 48202733010497
[ 4454265020004
I 30764821020004
I 25881830010497
W 48206042010497
T 238851257489998
I 273641321489%98
[ 40219865010497
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8203574010497
W 29395100010497
I 29355314010497
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I 2988303501047
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I 273640943489998
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File Edit Format View Help
bID_,Value,Ccunt,tl_id CN
1,8320,109,8320,2169 83020004
2,8346,17,8346,29886506010497
3,8355,3,8355,48003520010497
4,8379,2,8379,41542394020004
5,8399,3,8392,29880493010497
6,8687,10,4687,345934942489998
7,10450 42,10450,30762629020004
,1,18507,22931948810497
9,19523,1,10523,345935404489998
1%,1@670,5,10670,273641192489998
1,19068,4,19068,188771531020004
12,28762,2,20762,40390697010690
13,21148,2,21148,37276219010690
14,21291,1,21291,188771532020004
15,39271,1,39271,37274634010690
16,46586,1,40586,12366863010690
17,52161,265,52101,345935224489998
18,52121,66,52121,30763387020004
19,52163,1,52163,298820631010497
20,52188,6,52188,40220037010497
21,52200,2,52200,30852724020004
22,52208,853,52208,346864609489998
23,52234,11,52234,40219724018497
24,52261,6,52261,22828207010497
25,52299,283,52299,22932862010497
26,52343,6,52343,22932138010497
27,52371,12,52371,40219331018497
28,52684,5,52684,216960999020004

Ln 100%  Windows (CRLF) UTF-8 with BOM




FVS Stand and Tree List Tables

Stand List Table (FVS_StandInit)
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STAND_CN
123668563010690
13208906010497
174763107020004)
174763132020004)
174763148020004)
174763159020004)
174763251020004
174763314020004
174763322020004)
174763382020004)
174763417020004)
174763556020004
174763559020004
174763586020004)
174763519020004
174763626020004
174763534020004)
174763636020004

STAND_ID

0030200702050108992905
0041200505060104389725
0041201302030104398559|
0041201302030104372420|
0041201302030103957098
0041201302030103975941
0041201302030104391155|
0053201302030704173787|
0041201302030201970930|
0041201302030104373400|
0041201302030103965792)
0041201302030004784086|
0041201302030104371626|
0041201302030004775859|
0041201302030103974756|
0041201302030004783751
0041201302030103973324]
0041201302030103970047|

VARIANT

E
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC

INV_DAY INV_YEAR

8 2014
23 2014
28 2014
26 2014
18 2014
14 2014
25 2014
31 2014
14 2014
28 2014
15 2014

3 2014
15 2014
18 2014
15 2014
22 2014

9 2014

2 2014

INV_MONTH
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FVS
Inputs

Run FVS

Tree List Table (FVS_Treelnit)
“ STAND CN STAND_ID PLOT_CN STANDPLOT_CN STANDPLOT_ID PLOT_ID TREE_CN TREE_ID TAG_ID AZ
1 12366363010690 | 0030200702050108992305 |12366863010690  12366863010690_2 0030200702050108392905_2 2 123566875010690 1
2 12366863010690 | 0030200702050108992905 |12366863010690  12366863010690_2 0030200702050108992905_2 2 12366876010690 2
3 12366863010690 | 0030200702050108992905 |12366863010690  12366863010690_2 0030200702050108392905_2 2 12366877010690 3
4 12366863010680 | 0030200702050108992905 |12366563010690  12366863010690_2 0030200702050108992905_2 2 12366878010690 4
5 12366863010690 | 0030200702050108992905 |12366863010690 12366863010690_2 0030200702050108992905_2 2 12386879010690 5
6 12366863010680 | 0030200702050108992905 |12366563010690  12366863010690_2 0030200702050108992905_2 2 12366880010690 6
7 12366863010690 | 0030200702050108992905 |12366863010690  12366863010690_2 0030200702050108992905_2 2 12366881010690 T
8 12366863070690 | 0030200702050108992905 |12366863010690  12366863010690_3 0030200702050108992905_3 3 12366882010890 1
9 12366863010690 | 0030200702050108992905 |12366863010690  12366863010690_3 0030200702050108992905_3 3 12366883010690 2
10 12366863010690 | 0030200702050108992905 |12366863010690  12366863010690_3 0030200702050108992905_3 3 123566884010690 3
11 12366863010690 | 0030200702050108992905 [12366863010690  12366863010690_3 0030200702050108992905_3 3 12366885010690 4
12 123668630106%0 | 0030200702050108992905 |12366863010690  12366863010690_3 0030200702050108992905_3 3 123566886010690 5
13 12366863010690 | 0030200702050108992905 |[12366863010690  12366863010690_4 | 0030200702050108392905_4 4 12366887010680 1
14 12366863010630 | 0030200702050108992905 |12366863010690  12366863010690_1 0030200702050108992905_1 1 512366890010690 1002021
15 12366863010690 | 0030200702050108992905 |12366863010690  12366863010690_2 0030200702050108992905_2 2 512366891010690 1000172
16 12366863010690 | 0030200702050108992905 |12366863010690  12366863010690_2 0030200702050108992905_2 2 §12366892010690 1002022
17 12366863010690 | 0030200702050108992905 |12366863010690  12366863010690_2 0030200702050108992905_2 2 512366893010690 1002422
40 __173ccocon4ncon =7nv\n7nwn(n« neanInnt  |472££0£2n1nC0N 473L£L0£INANEON D NANDAINNTAINCA4ANONNINNE T 1 cAandcLonanincon AnnNE3n , v
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Running FVS

* Two options for running FVS:
— FVS Online

* Forest Service User Interface that runs FVS
online.

* Great for users who have minimal experience
with FVS.

— rFVS (there are now multiple “rFVS” e
programs out there - this is mine) ‘ .

» Simple R script that creates FVS input files to

run FVS directly from executable files on a local
machine.

* Requires working knowledge of both R and FVS. Hm

FVS Extract FVS .
/ Inouts Run FVS o t t Outputs with Outputs ‘Jtool %Tg%;;glre
P / utputs (EVS2GIS Key Table




FVS Simulation Outputs

Some FVS outputs include:

— General stand characteristics:
Forest type, basal area, tree
volumes.

—Carbon: total carbon and by
pool, total carbon emitted and
by pool.

—Fire behavior: potential, fuel
consumption by pool.

FEEXEE  CARBON REPORT VERSION 1.@ ***#*=
STAND CARBON REPORT (BASED ON STOCKABLE AREA)
ALL VARIABLES ARE REPORTED IN TONS/ACRE

STAND ID: 216958983020004 MGMT ID: 2169
Aboveground Live Belowground Forest Total Total Carbon
—————————————————————————————————— stand -----------------oo-o---- Stand Removed Released
YEAR Total Merch Live Dead Dead DDW Floor Shb/Hrb  cCarbon  cCarbon from Fire
2020 24.5 13.5 7.4 1.3 5.2 13.6 5.7 0.2 57.8 e.e e.0
2021 24.8 13.7 7.5 1.3 5.1 13.3 5.2 0.2 57.5 0.0 0.0
2022 25.0 13.8 7.6 1.2 5.1 13.2 5.0 9.2 57.3 0.0 Q.0

Example FVS carbon report from .out file. FVS output data are compiled for
each stand in a SQLite database table for easy processing.

FVS EV Extract FVS .
| t Run FVS o = Outputs with Outputs Jto |r23I|<§y Te}[ble
i utputs (FVS2GIS Key Table 0 GI> raster




Connecting FVS back to GIS data

* rFVS2GIS code extracts all the data
fields desired from the FVS dataset.

 Key value connects FVS ou
data. This may be the Stand ID, or
some combination of Stan
variant, and other landscape
characteristics such as treatment
locations.
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Mapping forest attributes
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Forest type
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Trees per acre mapped
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Context for the area: The 2023 Lookout Fire
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Questions?

How | decompress after a day of modeling
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FVS and
carbon/emissions

* Run each stand through FVS with fires at
each flame length to estimate carbon
emissions under each flame length.

* Extract FVS outputs, including (but not
limited to):

— Total initial carbon

— Total carbon emitted

— Carbon emitted by pool

— Total carbon remaining on site

* Join these attributes back to our mapped
stands for analysis

**** CARBON REPORT VERSION 1.@ ******
STAND CARBON REPORT (BASED OM STOCKABLE AREA)
ALL VARIABLES ARE REPORTED IN TONS/ACRE

STAND ID: 15148182010497 MGMT ID: 1514
Aboveground Live Belowground Forest Total Total Carbon
—————————————————————————————————— stand  ---------mmemmee e Stand Removed Released
YEAR Total Merch Live Dead Dead DDW Floor shb/Wrb  carbon  carbon from Fire
2010 4.3 1.9 1.5 0.9 8.0 1.1 8.0 9.4 7.2 0.9 8.8
2011 1.8 0.9 9.6 0.9 2.5 0.4 0.1 0.4 6.6 0.0 1.3
2012 1.9 1.0 9.6 0.9 2.3 0.5 2.1 2.4 6.8 0.0 8.0
#EEEEE FIRE MODEL VERSION 1.@ #****#*
FUEL CONSUMPTION & PHYSICAL EFFECTS REPORT (BASED ON STOCKABLE AREA)
STAND ID: 15148182010497 MGMT ID: 1514
PERCENT FUEL CONSUMED (TONS/ACRE) % SMOKE
MINERAL = === = = = = = = = = = = = = = = e e e e e e e e e e e e e o TREES ~ PRODUCTION
SOIL HERB& TOTAL %CONSUME WITH (TONS/ACRE)
YEAR EXPOSR LITR DUFF @-3" 3"+ 3-6" 6-12" 12"+ SHRUB CRWNS CONS. DUFF 3"+ CRWNG <2.5 < 1o
2011 39 8.6 0.0 0.6 8.7 8.4 0.2 8.0 8.5 8.5 2.8 51 57 2] 8.02 8.02

FVS carbon pool and fuel consumption outputs for a
single stand
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