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What is the Forest Vegetation
Simulator (FVS)?

Individual tree, empirical growth and yield
model

Statistical relationships based on
remeasured field data

Accessible

Data inputs for FVS “out of the box” (OOB)

1. Treelist
2. Site attributes (e.g., site index)

Process Keywords

v
Read Input Data

v

Compute Initial Stand Characteristics

v

Backdate Densities and Compute Calibration Statistics

v

v

Process Thinning and then Pruning Requests

v

Check Event Monitor for After-Thinning Actions

v

Grow Large Trees (diameter, then height)

v

Grow Small Trees (height, then diameter)

v

Compute Mortality

v

Adjust Growth and Maortality Estimates for Fire, Insect, and Pathogen Impact

v

Add Regeneration

v

Compute Crown Ratio Change

v

—bl Check Event Monitor for Before-Thinning Actions

Update Stand Characteristics and Compute Volumes

> ‘

v

Yes
More Cycles?

No

Produce Final FVS Reports

Dixon (2002) — Essential FVS




Herbert et al. (2023) —

multiple variants

FVS variant key:
BM: Blue Mountains

CA: Inland California
CR: Central Rockies
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Adjustments to FVS OOB

Vandendriesche (2010) — FVS Out of the Box: Assembly Required
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Adjustments to FVS OOB

Vandendriesche (2010) — FVS Out of the Box: Assembly Required
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Adjustments to FVS OOB

Vandendriesche (2010) — FVS Out of the Box: Assembly Required
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Just for bare ground simulations of
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Objectives and hypotheses

1. Evaluate FVS OOB predictions across climate and forest
type gradients

i. We expect overprediction of stand growth

ii. In particular, stand types generally considered more susceptible to
changing climate and other forest health issues (e.g., grand & white fir)

2. Assess the effect of commonly deployed adjustments to
FVS on stand growth



Evaluation landscapes

* Coast Range:

Median site class - 3
Median stand age - 47 years
16% USFS, 30% other public, 54% private

e Klamath Mountains:

Median site class - 4
Median stand age - 95 years
44% USFS, 27% other public, 29% private

e Blue Mountains:

Median site class - 5
Median stand age - 95 years
68% USFS, 6% other public, 27% private
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+ FIA plots
PNV zone

Ice and Snowfields
Parklands

Subalpine Fir-
Engelmann Spruce
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Shasta Red Fir
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Western Hemlock
Western Red Cedar

Redwood

Giant Sequoia
Tanoak
Douglas-Fir

Port Orford Cedar
Jeffrey Pine

Hardwoods
Ponderosa Pine
Sitka Spruce
Lodgepole Pine
Foothill-Coulter Pine

Pinyon-Juniper-
Cypress

Shrublands
Grasslands-Meadows
Rock

Water

Developed




Adjustments
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Vandendriesche (2010) — FVS Out of the Box: Assembly Required

Chivhenge, E., Weiskittel, A.R., Woodall, C.W., D’Amato, A.W. and Daigneault, A., 2025. Geospatial Estimation of Forest Relative Density for Carbon Stewardship Decision
Support across the Continental US. Scientific Data, 12(1), p.1728.



Adjustments

40,000

1. FVS W/ Self-Calib: Board Volume/Stand Age
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4. Tree Caps

S +Regeneration
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Evaluation . .
dataset Time interval | Sample size

FIA remeasurements

Time 1(2000s) to Time 2 (2010s) | 810 12vears | 3290

Chivhenge, E., Weiskittel, A.R., Woodall, C.W., D’Amato, A.W. and Daigneault, A., 2025. Geospatial Estimation of Forest Relative Density for Carbon Stewardship Decision
Support across the Continental US. Scientific Data, 12(1), p.1728.



Evaluating FVS vs. remeasured FIA data

Model performance overall by landscape

Net change=G- M

Evaluation Time interval | Sample size
dataset
FIA remeasurements 810 12 years 3290

Time 1(2000s) to Time 2 (2010s)

| |

Calibration I Net change Growth Mortality

Landscape
step FIA FVS™Bias RWISE. %error [FIA. FVS |FIA FVS
Fv5 0O0B 1.22 136 014 1.32 11.6% | 1.63 1.74 | 0.41 0.38
Blue +READCORD | 1.22 1.19 -0.03 1.25 =2.3% | 1.63 1.51 | 0.41 0.32
Mountains | +SDIMAX 1.22 1.29 0.07 1.19 56% | 1.63 1.53 | 0.41 0.24
+TREESZCP 1,22 1.16 -0.06 1.17 =4.7% | 1.63 1.39 | 0.41 0.23
FV5 O0B 6.84 09.25 241 517  353% | 7.99 10.23 | 1.15 0.98
Coast +READCORD | 6.84 B8.02 1.18 4.33 17.2% | 7.99 8.93 | 1.15 0.92
Range +5DIMAX 6.84 779 0.95 4.31 13.9% | 7.99 8.80 | 1.15 1.01
+TREESZCP 6.84 7.45 0.61 4.33 8.9% | 7.99 2.45 | 1.15 1.00
Fv5 O0B 3.03 3.82 0.80 3.73 263% [ 4.22 450 1.20 0.68
Klamath | +READCORD | 3.03 3.76 0.74 3.62 24.3% | 422 441 | 1.20 0.65
Mountains | +SDIMAX 3.03 3.47 0.44 3.76 14.6% | 4.22 433 | 1.20 0.86
+TREESZCP 3.03 3.08 0.06 3.82 19% | 4.22 3.50 | 1.20 0.82




Evaluating FVS vs. remeasured FIA data

Model performance overall by landscape

FVS OOB overpredicted net change

Pos. = overprediction

Evaluation Time interval | Sample size
dataset
FIA remeasurements 810 12 years 3290

Time 1(2000s) to Time 2 (2010s)

Neg. = underprediction
Calibration Net change Growth Mortality

Landscape -
step FIA FvS Bias BRMSE % error |FIA FVS FIA FV5
Fv5 O0B 1.22 136 0.14 1.32 11.6% | 1.63 1.74 | 0.41 0.38
Blue +READCORD | 1.22 1.19 -0.03 1.25 =2.3% | 1.63 151|041 0.32
Mountains | +SDIMAX 1.22 1.29 0.07 1.19 5.6% | 1.63 153 | 041 0.24
+TREESZCP 1.22 1.16 -0.06 1.17 =3.7% | 1.63 1.39 | 0.41 0.23
FVS OOB 684 9.25 241 517 353%|) 799 10.23|1.15 098
Coast +READCORD | 6.84 B8.02 1.18 4.33 17.2% | 7.99 8.93|1.15 0.92
Range +5DIMAX 6.84 779 0.95 4.31 13.9% | 7.99 8.80|1.15 101
+TREESZCP 6.84 7.45 0.61 4.33 8.9% | 7.99 8.45 | 1.15 1.00
Fv5 O0B 3.03 3.82 0.80 3.73 26.3% 1 4.22 450 1.20 0.68
Klamath | +READCORD | 3.03 3.76 0.74 3.62 24.3% |4.22 441|120 0.65
Mountains | +SDIMAX 3.03 3.47 0.44 3.76 146% | 4.22 433 | 1.20 0286
+TREESZCP 3.03 3.08 0.06 3.82 19% | 4.22 3.90 | 1.20 0.82




Model performance overall by landscape

Evaluating FVS vs. remeasured FIA data

FVS OOB overpredicted net change

Calibrations reduce overprediction biases

Pos. = overprediction
Neg. = underprediction

Evaluation Time interval | Sample size
dataset
FIA remeasurements 810 12 years 3290

Time 1(2000s) to Time 2 (2010s)

Landscape Calibration Net change Growth Mortality
step FIA FVS Bias RMSE % error | FIA FVS FIA FV5

Fv5 0O0B 1.22 136 014 1.32 11.6% | 1.63 1.74 | 0.41 0.38

Blue +READCORD | 1.22 1.19 -0.03 1.25 =2.3% | 1.63 151|041 0.32
Mountains | +SDIMAX, 1.22 1.29 0.07 1.19 5.6% [ 1.63 153 | 041 0.24
+TREESZCP 1.22 1.16 -0.06 1.17 =3.7% § 1.63 1.39 | 0.41 0.23

FVS OOB 6.84 9.25 241 517 353% | 799 10.23 | 1.15 0.98

Coast +READCORD | 6.84 B8.02 1.18 4.33 17.2% | 7.99 8.93|1.15 0.92
Range +SDIVIAX 684 779 005 431 13.9% | 7.99 8.80|1.15 101
+TREESZCP 6.84 7.45 0.61 4.33 8.9% § 7.99 8.45 | 1.15 1.00

Fv5 O0B 3.03 3.82 0.80 3.73 263% [ 4.22 450 1.20 0.68

Klamath | +READCORD | 3.03 3.76 0.74 3.62 24.3% |4.22 441|120 0.65
Mountains [ +S5DIMAX 3.03 3.47 044 3.76 14.6% | 4.22 433 | 1.20 0286
+TREESZCP 3.03 3.08 0.06 3.82 1.9% §4.22 3.90 | 1.20 0.82




Evaluating FVS vs. remeasured FIA data

Model performance by stand/site attributes

Annual net change in ABG biomass (Mg/halyr)
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Evaluating FVS vs. remeasured FIA data

Model performance by stand/site attributes

d FVS OOB:

Ponderosa pine stands well-modeled
Performance for fir/spruce stands poor

Younger Douglas-fir stands on private lands have very
high net change % error initially

Annual net change in ABG biomass (Mg/halyr)

== =4

T T
EADCORD +SDIMAX +TREESZCP

FVS OOB

ponderosa pindl- NFS - Mean stand age: 101 yrs (n=571)

-6.8% 2.8% -7.9%

L

fir / spruce - NFS - Mean stand age: 135 yrs (n=416)

25.2% 11.6%
15.6%
° -10.6%
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Douglas-fir - Rrivate - Mean stand age: 36 yrs (n=241)
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Evaluating FVS vs. remeasured FIA data

Model performance by stand/site attributes B =2 =55 ==
J FVS OOB:

ponderosa pine- NFS - Mean stand agef101 yrs (n=571),

. Ponderosa pine stands well-modeled

«  Performance for fir/spruce stands poor 43P es% 28% | 7%

&

. Douglas-fir stands on private lands have very high net

change % error initially

fir / spruce - NFS - Mean stand age: 135 yrs (n=416)

d Adjustments:

. Collectively, % error is shifted closer to 0

25.2% 11.6%
] 15.6%
6 ° -10.6%

31 —.———E'—"—"—- '_E'EI_'

Applying all of the calibrations can overcompensate,
in certain cases

Douglas-fir - Private - Mean stand age: B6 yrs (n=241)

304 36.5%
209% 153%|) 14.7%

Annual net change in ABG biomass (Mg/halyr)

QEES I == e ==l




Evaluating FVS vs. remeasured FIA data
(climate context)

. Landscape Remeasurement Ave. DSC Met change
t t | interval FIA  FVS  %error
Model performance by remeasurement interva
2002 to 2012 105 1.33 1.52 14.0%
o fre M 2003 to 2013 Q2 1.26 1.38 9.9%
 (Quantified average Drought Severity and oo | w2
Blue 2005 to 2015 a7 1.31 1.46 10.8%
Cove rage Index (DSCI) for each lo_year FIA Mountains | 2006 to 2016 107 112 130 16.1%
2007 to 2017 124 122 1.43 17.1%
b 2008 to 2018 115 1.25 1.37 9.5%
remeasurement period
2011 to 2021 146 1.00 1.55 54.6%
0 2001 to 2011 43 7.17 8.06 12.4%
* For each interval, compared DSCI to FVS worwaor | n face 02 zrew
2003 to 2013 20 7.11 B.B3 24.3%
2004 to 2014 19 7.33 912 24.6%
mOdeI performa nce Coast 2005 to 2015 36 821 1040 26.7%
Range 2006 to 2016 50 5.76 8.495 55.2%
2007 to 2017 56 584 9.05 54.9%
2008 to 2018 56 605 8.56 41.4%
2009 to 2019 71 6.17 9.83 59.2%
2011 to 2021 q2 664 10.32 55.5%
2001 to 2011 67 305 425 39.3%
2002 to 2012 a7 289 3.94 36.1%
2003 to 2013 35 355 4.03% 13.5%
2004 to 2014 42 297 3.29 10.8%
Klamath 2005 to 2015 71 295 3.57 21.1%
Mountains 2006 to 2016 a4 294 4.17 42.0%
2007 to 2017 101 285 309 B.4%
2008 to 2018 a9 324 463 42 8%
2009 to 2019 115 287 365 27.3%
2011 to 2021 136 168 275 63.9%




Evaluating FVS vs. remeasured FIA data
(climate context)
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Evaluating FVS vs. remeasured FIA data
(climate context)

Model performance by remeasurement interval

* Quantified average Drought Severity and 0] 12
Coverage Index (DSCI) for each 10-year FIA o]
remeasurement period
* For each interval, compared DSCI to FVS
model performance i
* For 2 of the 3 landscapes, we found g
significant (p < 0.05) correlation between < | | |
mean DSCIl and FVS mean % error
r= 0.535
0.543 -
409 r= 9.358 '_____________‘__‘--—-——--‘ """"""

Avg. Drought Severity and Coverage Index (DSCI)



Evaluating FVS vs. yield curves

 Curves are from Chisholm & Gray (2024)
 Curves were fit to FIA data that had no | 3
fire or harvest since stand origin
* Curves estimate total live biomass ] "
(roots, wood, bark, and foliage) P e 3 y
 Curves for potential vegetation zone are | | | T |
based on 2 parameters: 1 A :
Productivity (Mean annual increment at " | > |/ gl
culmination, MAI) - -
e  Stockability (Maximum canopy cover, MCC) : : " :

ag MAIES

}’[t} - ﬂ]ﬂ“{cﬁb] (1 — e‘“zi‘r'!s!ﬁ’!f)

Chisholm, P.J. and Gray, A.N., 2024. Forest carbon sequestration on the west coast, USA: Role of species, productivity, and stockability. Plos one, 19(5), p.e0302823.



Evaluating FVS vs. yield curves

Model agreement by vegetation zone

Average total live tree biomass (Mg/ha)

Ponderosa Pine zone (n=465)
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Evaluating FVS vs. yield curves

Model agreement by vegetation zone

d FVS OOB:

* Model estimates became increasingly divergent

over time

* Ponderosa pine zones exhibited most agreement

e Western hemlock zones exhibited most

disagreement

Average total live tree biomass (Mg/ha)
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Model agreement by vegetation zone

Evaluating FVS vs. yield curves

d FVS OOB:

* Model estimates became increasingly divergent

over time

* Ponderosa pine zones exhibited most agreement

e Western hemlock zones exhibited most

disagreement
d Adjustments:

140

120 4

100 1

604

Average total live tree biomass (Mg/ha)

* Long-term predictions are much more impacted

by SDIMAX and TREESZCP (but not in PIPO zone)

* Regeneration had barely any impact

400 4

 Overall, much higher agreement between
models after calibration adjustments
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Concluding statements

1 FVS OOB performance

* Overprediction biases were highest in Coast Range and Klamath

* Biases higher in forest types considered disproportionately affected by drought

e But, there was also high overprediction in young privately-owned Coast Range
Douglas-fir, why?



Concluding statements

1 FVS OOB performance

* Overprediction biases were highest in Coast Range and Klamath
* Biases higher in forest types considered disproportionately affected by drought

e But, there was also high overprediction in young privately-owned Coast Range
Douglas-fir, why?

d Adjustments
* Relatively easy to calculate/apply
* May be a blunt instrument in some cases, but effective at landscape-scale



Concluding statements

1 FVS OOB performance

Overprediction biases were highest in Coast Range and Klamath
Biases higher in forest types considered disproportionately affected by drought

But, there was also high overprediction in young privately-owned Coast Range
Douglas-fir, why?

d Adjustments

Relatively easy to calculate/apply
May be a blunt instrument in some cases, but effective at landscape-scale

] Limitations of model evaluation

We only evaluated net change in live tree biomass

Calibrations were applied in the spirit of the Vandendriesche paper and so were
applied at the species-level, but consistently across the entire landscape
Long-term evaluation was really a model comparison, not field data evaluation
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