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Overview



Mast Reforestation: Vertically integrated reforestation 

company focused on replanting after wildfire; funded 

with ex-ante carbon credits

Current processes informed by distributions: 

● Carbon baseline

● Tree lists for Forest Vegetation Simulator (FVS)

Need for improvement:

● Alternative strategies for poorly fit distributions

Context

https://mastreforest.com/


Diameter and height

● Continuous phenomena
● Measurement techniques, data storage, 

or data usage render discrete

Accuracy limitations

● Diameter: nearest 0.1”
● Height: ground-based 2’-5’ v. Lidar <1m

Data storage routines or growth models may 
use diameter and height bins (1”, 1’, 1 m, etc.)

Continuous vs. Discrete forest data
Framing:



Diameter and height models
Simplification of basic inventory data

● https://doi.org/10.1186/s13595-022-01161-9 
● https://doi.org/10.3832/ifor4145-015 

Forest Vegetation Simulator
Crown ratio model

● https://www.fs.usda.gov/fmsc/ftp/fvs/docs/gtr/crown
ratio.pdf 

Generic distribution properties
Wood materials science

● https://doi.org/10.2737/FPL-GTR-264 

Some uses of the Weibull 
distributions in forest biometry

Framing:

https://doi.org/10.1186/s13595-022-01161-9
https://doi.org/10.3832/ifor4145-015
https://www.fs.usda.gov/fmsc/ftp/fvs/docs/gtr/crownratio.pdf
https://www.fs.usda.gov/fmsc/ftp/fvs/docs/gtr/crownratio.pdf
https://doi.org/10.2737/FPL-GTR-264


Pros
● Simple parameter estimation
● 2 or 3 parameters
● Flexible
● Ideal for unimodal distributions

Cons
● Less suitable for multimodal distributions
● Can predict excessive kurtosis

Weibull: pros, cons
Framing: Adapted from: https://doi.org/10.1186/s13595-022-01161-9 

Adapted from: https://doi.org/10.1186/s13595-022-01161-9 

https://doi.org/10.1186/s13595-022-01161-9
https://doi.org/10.1186/s13595-022-01161-9


.“The Generalized Hermite distribution … is often used 
for fitting count data in the presence of 
overdispersion or multimodality.”

“…a set of computational tools that allows the user to 
face these difficulties by modelling with the 
Generalized Hermite distribution using the R package 
hermite.”

Moriña, D., Higueras, M., Puig, P. & Oliveira, M. Generalized Hermite 
Distribution Modelling with the R Package hermite. The R Journal 7, 263 
(2015)

Generalized Hermite Distribution
Modelling with the R Package 
hermite

hermite()

https://journal.r-project.org/archive/2015-2/morina-higueras-puig-etal.pdf
https://journal.r-project.org/archive/2015-2/morina-higueras-puig-etal.pdf
https://journal.r-project.org/archive/2015-2/morina-higueras-puig-etal.pdf


Moriña et al. 2015

Arthropod sampling: samples with [0,5] insects

Use glm.hermite() to estimate distribution 
parameters a and b

Recover predicted sample frequency with 
dhermite()

AIC value provided for model comparisons

glm.hermite() example
hermite()

https://journal.r-project.org/archive/2015-2/morina-higueras-puig-etal.pdf


2021 Lidar-derived tree heights
● CA Sierras, confidential client

Hermite expects count data ranging from [0,n]
● Height by 5’ interval shifted to 0
● Frequency of trees by ‘count’ of interval

Estimate distribution parameters
● Hermite: a, b with glm.hermite() using orders 2 - 5
● Weibull: shape, scale with fitdistrplus(), option “weibull”

Recover expected frequency and compare model 
performance using ΔAIC

● Hermite: dhermite() with a, b, largest height, TPA
● Weibull: rweibull() with shape,scale, TPA

Adapting to a forestry problem
hermite()



Recovered Hermite
a = 1.425
b = 2.123
AIC = 671.45
RMSE = 2.252

Recovered Weibull
Shape = 1.321
Scale = 8.205
AIC = 707.60
RMSE = 3.348

glm.hermite() and fitdistrplus() comparison using RMSE or ΔAIC
Model comparison:



Recovered Hermite
a = 0.924
b = 1.112
AIC = 316.82
RMSE = 1.587

Recovered Weibull
Shape = 0.800
Scale = 4.464
AIC = 326.12
RMSE = 4.538

glm.hermite() and fitdistrplus() comparison using RMSE or ΔAIC
Model comparison:



Hermite vs. Weibull RMSE by order
Model comparison:

Hermite
● 90% - 100% Hermite RMSE < Weibull RMSE
● Some difference by order
● Absent trend in performance by order



4

2 3

2

3

4

Hermite vs. Weibull AIC by order
Model comparison:
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Hermite orders 2, 3
● 98% or 86% better performance than Weibull
● Typically less continuous

Hermite orders 4, 5
● 74% or 66% better performance than Weibull
● More frequent ties
● Usually more continuous



Advantage/Disadvantage Modes for Hermite vs. Weibull Distributions

1

Win: Hermite

Substantial 
multi-modality; 
extreme kurtosis
ΔAIC = -28.52

2

Win: Hermite

Multimodal, 
gaps, kurtosis, 
left- and 
right-skewness
ΔAIC = -26.09

3

Tie

High granularity 
and many gaps, 
but extreme 
kurtosis
ΔAIC = -2.16

4

Win: Weibull

Excessive 
kurtosis but few 
gaps at the 
positive extreme
ΔAIC = -12.76

5

Win: Weibull

Multimodal but 
excessive 
kurtosis and 
left-skewness
ΔAIC = -37.58



Alternative tests

● Nonparametric tests–K-S
● Mean Absolute Error

Identifying suitable problem types

● Continuous quantities measured on 
discrete scales (DBH, Height)

● Measurements not requiring scaling to 
zero (sapling diameter)

● True count data, particularly 
zero-inflated

Alternative statistical tests and 
future investigations

Model comparison:



Timber inventory diameter distribution 
• Presale cruise for salvage using UAV Lidar
• Hermite ΔAIC < -3 for 56% of sample stands
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FVS tree list expansion 
• Improve accuracy of base-ground yield projections 
by modeling height distributions for PLANT keyword
• Ongoing sensitivity analysis of impact on predicted 
carbon sequestration

Baseline inventory height distribution
• Lidar-derived tree height
• Standing carbon inventory
• Projected yield subtracted from total carbon

Mast Reforestation - 
current investigations

Applications



Census- or stand-based growth models
• Fit hermite distribution to multiple time points
• Construct models describing change over time of 
parameters a, b, TPA, max height as f(T)
• Predict height list at time T using parameter models 

1

2

3

Replacement for Weibull where better suited
• Multimodal, discontinuous, high kurtosis with gaps
• Simplified inventory descriptions, model 
components

Lidar inventory data compression
• Describe one attribute with a, b, max, TPA
• Additional attributes, for example, intensity, 
require only a, b, and maximum

Other potential uses
Applications
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