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The 2nd North American Forest Mensurationists Conference 

Forests, as the largest actively managed terrestrial ecosystem, are studied by a large number of 
scientists. Among them a particular role is played by biometricians, which traditionally were focused on 
estimation of the forest resources, hence the name mensurationists. In time, the focus enlarged to 
include growth and yield models, sampling, and remote sensing. Today, the mensurationists are broadly 
perceived as numerically savvy individuals, who operate across a large number of topics, the 
commonality being the strong quantitative aspect. 

North American mensurationists are geographically separated into three regions: southern (SOMENS), 
northeastern (NEMO), and western (WMENS). Each region holds individual meetings each year, 
sometimes in conjunction with other organizations. In the late 1980s, the first continental event was 
held in Saint Louis, MO. After more than three decades, the three regions decided that a new 
continental event should be held. 

This 2022 North American event will present traditional biometrics and forest measurements techniques 
as well as novel modeling methods, such as machine learning, or forest inventory based on phodar or 
UAV (to list just a few).  

IUFRO 

The world forest scientific forum is the International Union of Forest Research Organization, also known 
as IUFRO. IUFRO provides a platform for people interested in forests and forestry to meet and discuss 
challenges and solutions associated with the conservation and sustainable management of the forest. 
The IUFRO is organized in nine divisions, each focused on an aspect defining the forest and forestry. The 
nine divisions are: 

• Division 1 – Silviculture
• Division 2 – Physiology and Genetics
• Division 3 – Forest Operations Engineering and Management
• Division 4 – Forest Assessment, Modelling and Management
• Division 5 – Forest Products
• Division 6 – Social Aspects of Forests and Forestry
• Division 7 – Forest Health
• Division 8 – Forest Environment
• Division 9 – Forest Policy and Economics

Each division is separated into research groups, which target detailed questions within the area defined 
by the division.  

The 2nd North American Forest Mensurationists Conference is sponsored by two IUFRO groups, both 
from Division 4, the Forest Assessment, Modelling, and Management Division. The two research groups 
are numerically identified as the 4.01 (i.e., Forest mensuration and modeling) and the 4.03 (the 
Uncertainty analysis, computational ecology, and decision support). 
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Committees 

This conference was coordinated by two committees, one focused on the quality of the event, the 
Scientific Committee, and one focused on the day-to-day operations, namely the Organizing Committee.  
The chair of the event is Dr. Bogdan Strimbu, from Oregon State University. 

 

Scientific Committee 

• Harold Burkhart, Virginia Tech 
• Chris Cieszewski, University of Georgia 
• Bronson Bullock, University of Georgia 
• Samantha Gill, Cal Poly 
• Catherine Bealle Statland, BC Ministry of Forests  
• Phil Radtke, Virginia Tech 
• Mark Ducey, University of New Hampshire 
• Demetrios Gatziolis, USFS Forest Inventory and Analysis  
• Robert Froese, University of Alberta 

 

Organizing Committee 

• Karin Kralicek, USFS Forest Inventory and Analysis 
• Jacob Putney, Oregon State University. 
• Peter Marshall, University of British Columbia 
• Bianca Eskelson, University of British Columbia 
• Todd West, Oregon State University. 
• Sudeera Galapita, Oregon State University. 
• Simona Ionescu, Mail and Telecommunication Technical College 
• Joo Sukhyun, Oregon State University. 

 

 
 
 
 
 
 
 
 
 
 
 

2



A special thank you to our platinum sponsor 
 
 
 
 
 
 
 
 
 
 
 

 
 

A special thank you to our gold sponsor 
 
 
 
 
 
 
 
 
 
 

A special thank you for their significant contribution 
 

USDA Forest Service 
Columbia River Gorge National Scenic Area 

 
 

Oregon 
Department of Forestry
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Awards 

Each regional mensurationists meeting has at least one award, namely the best student presentation 
award. In 2009 SOMENS added a new award, the Mike Strub Mathematical Challenge, and in 2013 the 
Lifetime Achievement Award. The 2nd North American Forest Mensurationists conference will host all 
three awards, two of which are open to all participants, namely the Best Student Presentation and the 
Mike Strub Mathematical Challenge.  

 

SOMENS Lifetime Achievement Award 

SOMENS Lifetime Achievement Award honors scientists that have contributed significantly to 
quantitative southern forestry. The award aims at senior researchers that are associated with the 
Southern Mensurationists group and have shaped the forest research of/from the southern region of 
the USA. The SOMENS award was created by Dr. Strimbu in 2013 at the joint event of the southern 
mensurationists, SOMENS, and the IUFRO 2nd conference on the Complex Forest Ecosystems.  

Past award recipients are:  

• 2021 Dehai Zhao – University of Georgia 
• 2019 Chris Cieszewski – University of Georgia 
• 2018 Ralph Amateis – Virginia Tech 
• 2017 Tom Lynch – Oklahoma State University 
• 2016 John Paul Mctague – Rayonier 
• 2015 Quang Cao – Louisiana State University 
• 2014 Mike Strub – Weyerhaeuser 
• 2013 Harold Burkhart – Virginia Tech 

 

Mike Strub Mathematical Challenge 

In 2009 Lewis Jordan and Ray Souter started the Mike Strub Mathematical Challenge contest to honor 
Mike Strub’s inquisitory mind, his tenacity in pursuing forest related questions, and not the least, Mike’s 
kindness.  

 

Best Student Presentation 

Students are the future of the forestry professions. Therefore, a special award was created to encourage 
their pursuit of a better future. Considering that today’s foresters are both professionals and stewards 
of the forest, who interface with society, this award aims at rewarding not only scientific research but 
also its delivery. Consequently, a Best Student Presentation Award is given to a student that delivers the 
finest combination of science and public speaking.  
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Sunday, December 11, 2022 

5:00 Icebreaker (Willamette Ballroom) 

Monday, December 12, 2022 

(Mt. Bachelor/Mt. Hood/St. Helens) 

8:00 Intro 

8:15 Do mensurationists dream of electric trees? - Mark Ducey 

9:00 IUFRO introduction 

9:15 Break (move to concurrent sessions) 

Concurrent Session – Room 1 (Mt. Bachelor/Mt. Hood/St. Helens) 

9:30 An inverse growth curve representation of the Clutter-Jones stand survival model - 
Bronson Bullock 

10:00 A new framework to include environmental variables into G&Y systems - Cristian Montes 

10:30 The generalized Hermite distribution accurately describes multimodal or skewed diameter data - 
Tom Baribault 

11:00 Break 

11:15 Session honoring Harold Burkhart, Jim Arney, and Leon Pienaar - Bronson Bullock, Dan Opalach, 
and Chris Cieszewski 

12:00 Lunch (on your own) 

1:30 Site index equation development for shortleaf pine (Pinus echinata) on the Cumberland Plateau, 
USA - John Zobel 

2:00 Constraint shock reduces the fit of diameter distribution models by up to 50% - normalized 
truncation solves this problem - Adrian Goodwin 

2:30 Pre-commercial thinning increases the profitability of Norway spruce monoculture and supports 
Norway spruce-birch mixture over full rotations - Mostarin Ara 

3:00 Break and posters 

3:30 Impact of stumpage prices on optimal planting density and rotation age - Benjamin Protzman 

4:00 Estimating tree utilization factors among product classes and species groups in the southern US - 
Dinuka Madhushan Senevirathne 

4:30 Individual tree topographical position classification using LiDAR - Oscar Raigosa-Garcia 

5:30 Social (Presidential Suite, Room 1555) 

5



Concurrent Session – Room 2 (Three Sisters) 

9:30 Modeling the missing DBHs: Influence of model form on UAV DBH characterization - 
Wade Tinkham 

10:00 Site index equations with explicit variance formulations for Aztec Pine in Mexico - 
Geronimo Quiñonez-Barraza 

10:30 Software for plotting errors in predictions of self-referencing models - Chris Cieszewski 

11:00 Break 

11:15 Session honoring Harold Burkhart, Jim Arney, and Leon Pienaar (Return to Room 1) 

12:00 Lunch (on your own) 

1:30 Loblolly Pine stand diameter distribution projection using copulas - Mauricio Zapata 

2:00 Modeling dominant height using topographic and edaphoclimatic variables for Pinus radiata, 
Eucalyptus globulus and Eucalyptus nitens plantations - Pablo Mena-Quijada 

2:30 UAS challenges in evaluating the effectiveness of herbicide applications - 
Sudeera Wickramarathna 

3:00 Break and Posters 

3:30 Sequestering carbon through protection and production: A Case study of industrial reforestation 
in Mata Atlantica, Brazil - Thomas Harris 

4:00 Evaluating whole-stand growth and yield models accounting for mid-rotation competing 
vegetation in loblolly pine plantations in the southern US - John Young 

4:30 A growth and yield system for slash pine including responses to silvicultural treatments - 
Laura Ramirez Quintero 

5:30 Social (Presidential Suite, Room 1555) 
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Tuesday, December 13 

(Mt. Bachelor/Mt. Hood/St. Helens) 

8:00 Intro 

8:15 Propagation of uncertainty through a carbon accounting workflow - Nan Pond 

9:00 Break (move to concurrent sessions) 

Concurrent Session – Room 1 (Mt. Bachelor/Mt. Hood/St. Helens) 

9:15 Assessment of understory vegetation in a plantation forest using Laser Scanning - Angel Adhikari 

9:45 Performance of BLK2GO on varying density pine stands - Bini Dahal 

10:15 Exploring alternative methodology to estimate by-species sawlog volume in the southeastern 
United States - Tara Skiba 

11:00 Predicting forest aboveground biomass with remotely-sensed and ground-based variables for 
mixed-hardwood forests in eastern Tennessee - Sakar Jha 

Concurrent Session – Room 2 (Three Sisters) 

9:15 Detection and mapping red pine seedlings using UAV imagery and field data - Abishek Poudel 

9:45 Comparing automatic segmented tree crowns with geometric crown models - Andreas Tockner 

10:15 Red spruce stem taper in southern Appalachia - Steve Morrone 

11:00 Comparing direct and indirect methods for estimating tree biomass change using forest 
inventory and aerial laser scanner data - Suveksha Jha 

12:00 Field trip to Columbia Gorge 

7:00 Banquet, awards, and posters (Willamette Ballroom) 

9:00 Social (Presidential Suite, Room 1555) 
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Wednesday, December 14, 2022  

(Mt. Bachelor/Mt. Hood/St. Helens) 

8:00 Intro  

8:15 By what measure? Current challenges and opportunities in forest mensuration -                  
Catherine Bealle Statland 

9:00 Break  

9:15 Revisiting a complex segmented stem profile model - James Flewelling 

9:45 Closest-tree sampling by unbiased methods - Kim Iles 

10:15 Classification of self-referencing models - Chris Cieszewski  

10:45 Break  

11:00 Sampling effects on height and volume imputation - Bronson Bullock 

11:30 Growth and yield model parameter estimation using multiple objectives - Mike Strub 

12:00 Lunch  

1:30 Tree stem volume estimation from terrestrial LiDAR point cloud by unwrapping - Robert Froese 

2:00 Inclusion of tree age as an additional variable in volume equations improved taper and volume 
estimations for durango pine in Mexico - Geronimo Quiñonez-Barraza 

2:30 Systems of equations in forest modeling: Classification and estimation - Dehai Zhao 

3:00 Break  

3:15 Modeling basal area yield using simultaneous equations system incorporating uncertainty 
estimators - Cristian Montes 

3:45 Developing an operational remotely-sensed forest inventory on state forests in Oregon -         
Sean McKenzie 

4:15 Presentation awards and business meeting 

7:00 Social (Presidential Suite, Room 1555)  

 

Thursday, December 15, 2022 

9:00 Field Trip Dry Ecosystems 
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Monday, December 12, 2022 

Room 1 

8:15 AM 

Do mensurationists dream of electric trees? 

Presenter: Mark Ducey 

Affiliation: University of New Hampshire 

Abstract 

Recently, several authors have proposed a Structural Complexity Index (SCI) based on the ratio between 
Reineke’s original Stand Density Index (SDI) and its additive form. Here, we explore the mathematical 
properties of SCI. SCI has straightforward, closed-form expressions for all parametric diameter 
distributions in the Generalized Beta family, a broad family that includes many of the diameter 
distribution forms used in forest growth modeling. SCI is independent of the scale parameter of the 
distribution, a feature that contrasts with Shannon’s entropy and some other common measures of 
structural variation. SCI can be interpreted as a measure of the difference between two competing 
hypotheses about growing space allocation. Analysis of SCI in conjunction with species richness across 
the conterminous 48 states highlights regional variation, but also shows a consistently important 
fraction of forest area for which complexity is high. Given the challenges of interpretation for Reineke’s 
original SDI as a relative density measure in complex or mixed-species stands, the variation in SCI 
suggests that caution is needed interpreting strategic-scale stocking assessments.
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Monday, December 12, 2022 

Room 1 

9:30 AM 

An inverse growth curve representation of the Clutter-Jones stand survival 
model 

Presenter: Bronson Bullock 

Affiliation: University of Georgia 

Abstract 

The Clutter-Jones (CJ) stand survival model has been widely used for the projection of the reduction in 
trees per unit area in a forest stand over time.  To better understand this well-recognized model, we 
introduced a varying-parameter formulation as an alternative to its original difference equation form, 
where plot-specific effects are presented explicitly.  This new parameterization turns out to be a type of 
Richards (generalized logistic) equation with its independent variable age log-transformed, which might 
be termed ‘log-Richards’ (LR) and falls into the category of the generalized algebraic difference approach 
(GADA) models.  The new LR GADA reformulation provides an inverse growth curve modeling viewpoint 
of stand survival over time.  It may motivate one to derive new survival models directly from existing 
growth equations that allow for generating inverse growth curves, complementary to the commonly 
used differential equation method in developing stand mortality models.
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Monday, December 12, 2022 

Room 1 

10:00 AM 

A new framework to include environmental variables into G&Y systems. 

Presenter: Cristian Montes 

Affiliation: University of Georgia 

Abstract 

Forecasting future yields allows forest managers to make proper management decisions.  That is why 
forest companies rely on growth and yield simulators that exploit the relation between age and stand 
state variables (dominant height, stand survival, and basal area).  To further improve model prediction 
accuracy, practitioners have used soil and climate as auxiliary variables, aiming at better localizing 
growth estimates.  The handful of empirical growth models that evaluated possible relations between 
climate and or soil traits, have put emphasis on simple relations, without a strong indication as to how 
to predict those values in time to make predictions.  And without exception, all existing examples avoid 
addressing the issue that auxiliary variables inside a non-linear system cause an unwanted bias effect, 
due to the well-known error-in-variable problem.         

In this research, we highlight a method that, instead of projecting individual climatic variables forward, it 
projects a climatic index that is easy to forecast, at the expense of a larger variance, yet smaller bias. We 
also present a framework to include these climatic predictors without violating error free regression 
assumptions, while accounting for the variation in climate present in the southeast US.  Our framework 
relies on a latent variable approach that solves climatic predictors for each location.  Climate variables 
are estimated from the relation with growth variables and with respect to observed means and 
variances for each one of them.  Our framework improves over existing models, allowing for consistency 
in forecasting results.¬¬
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Monday, December 12, 2022 

Room 1 

10:30 AM 

The generalized Hermite distribution accurately describes multimodal or 
skewed diameter data 

Presenter: Tom Baribault 

Affiliation: Mason Bruce & Girard 

Abstract 

Accurate descriptions of tree diameter and height distributions are important elements of forest 
growth models. The Weibull distribution is commonly used for this purpose and works best when 
distributions are monomodal. Forest diameter and height data are often overdispersed or multimodal; 
in these conditions the Weibull can perform poorly. An alternative may be to treat diameter and height 
as count data, modeling them with the Generalized Hermite distribution (GHD), which is capable of 
fitting overdispersed or multimodal data. The GHD is a two-parameter discrete distribution described as 
a compound-Poisson. Moriña et al. 2015 introduced an R package (hermite) to facilitate fitting the GHD, 
estimating parameters, and performing Hermite regression. We selected 100 representative Pacific 
Northwest mixed Douglas-fir stands and fit both Generalized Hermite and Weibull distributions to 
diameter data. We tested goodness of fit using AIC. For the GHD, we tested orders 2 through 5 and 
selected the single order with best fit; a two-parameter Weibull formulation was tested. Overall, the 
GHD received more empirical support (delta AIC <2) for 54% of stands and equivalent support for 3% of 
stands. The Weibull distribution received more support for 43% of stands. For stands best fit with a 
lower-order (2 or 3) GHD, Weibull distributions were rarely better. Where higher orders (4 or 5) were 
the best option for GHD, the distribution was approximately continuous, and the Weibull typically 
performed better. For distribution fitting tasks where the quantity is multimodal, or the domain of 
count data is small, the GHD is a better choice. Where the distribution is monomodal and more closely 
approximates a continuous distribution, the Weibull distribution works better. The Generalized Hermite 
distribution may be a useful alternative to describe diameter distributions in young plantations or 
uneven-aged stands with distinct cohorts, and to recover diameters from remotely sensed inventories.
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Monday, December 12, 2022 

Room 1 

1:30 PM 

Site index equation development for shortleaf pine (Pinus echinata) on the 
Cumberland Plateau, USA 

Presenter: John Zobel 

Affiliation: University of Minnesota 

Abstract 

Shortleaf pine (Pinus echinata) suffered significant decline on the Cumberland Plateau due to fire 
suppression and a devastating bark beetle outbreak.  Targeted restoration efforts have arisen to 
reestablish shortleaf pine and its ecological and economic benefits in the region.  However, little 
biometric tools are available for shortleaf pine on the Plateau, with the only publications pertaining 
narrowly to abandoned fields with site indices 25-60 ft (7.6-18.3 m) at 25 years.  Our research focused 
on using U.S. Forest Service, Forest Inventory and Analysis (FIA) data to create a site index equation 
calibrated to the Plateau.  The available data included one measurement of site tree total heights (ft) 
and breast-height cored ages (years), as well as remeasured tree and plot data that included tree total 
heights (ft), but not ages.  The lack of complete remeasurements of individual tree heights and ages 
necessitated imputation of the additional measurement using mixed-effects models.  Plot specific tree 
height change patterns were modeled, and then proximate site tree heights were grown forward or 
backward to base age 50 years (i.e., imputing site index).  These sets of height and age values were then 
used to fit over 30 candidate height (site index) models using traditional and algebraic difference 
approach (ADA) methods.  All models were evaluated using fit and cross-validation statistics, 
observations of logical behavior, and comparisons to shortleaf pine site index equations from outside 
the Plateau.  A form of the Lundqvist-Korf model provided the best results, often out competing offsite 
models by orders of magnitude.  A traditional site index equation and chart were formulated, and forest 
practitioners and conservationists now have access to improved site quality metrics for shortleaf pine on 
the Cumberland Plateau.
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Monday, December 12, 2022 

Room 1 

2:00 PM 

Constraint shock reduces the fit of diameter distribution models by up to 50% - 
normalized truncation solves this problem 

Presenter: Adrian Goodwin 

Affiliation: Bushlogic 

Abstract 

Constraint shock refers to the loss of accuracy of a distribution model caused by assuming a positive 
lower bound when it should be negative.  It has been convenient and standard practice to assume that 
the lower bounds of diameter distribution models are positive.  However, negatively skewed diameter 
distributions, common in planted stands younger than age 20 years, are often best fitted with negative 
bounds, and the cost to accuracy of forcing these bounds to be positive can be large.  A practical 
solution to avoiding constraint shock is normalized truncation at zero which allows negative bounds, 
avoids negative diameters, and maintains the properties of a probability distribution function.      

This paper also discusses a rarely used method for simply recovering all parameters of non-truncated 
and truncated Weibull, Kumaraswamy, and Johnsons SB models using conventional parameter recovery 
and novel extreme value methods.  This method produces distributions which are consistent with 
known stand mean diameter and basal area.    The recognition of constraint shock and a simple method 
for full parameter recovery should prompt the re-appraisal of diameter distribution models for 
unthinned plantations at least.
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Monday, December 12, 2022 

Room 1 

2:30 PM 

Pre-commercial thinning increases the profitability of Norway spruce 
monoculture and supports Norway spruce-birch mixture over full rotations 

Presenter: Mostarin Ara 

Affiliation: Univrsity of Alberta 

Abstract 

Pre-commercial thinning (PCT) is a common measure in Norway spruce (Picea abies L. Karst.) stands but 
the profitability of doing PCT and timing of PCT have not been fully investigated over a full rotation. Also, 
limited knowledge is available for mixed forest management compared to monocultures. In this study, 
different PCT strategies were tested to investigate the effect of PCT and timing of PCT on the production 
and profitability of Norway spruce monocultures and mixed Norway spruce-birch stands. A forest 
decision support system was used to simulate stand development during the whole rotation. Our study 
findings show that there is a positive effect of PCT on Norway spruce plantations' long-term profitability 
but that the timing of PCT has little effect on profitability. However, site variation might influence the 
effect of PCT timing on the profitability of Norway spruce stands. Moreover, we also found that 
retaining 1000 Norway spruce ha-1 and 1000 birch ha-1 after PCT supports a mixture of Norway spruce 
and birch over a full rotation with little or no economic loss compared to pure Norway spruce stands. 
Therefore, such a mixture can lead to profitable production while still providing other ecosystem 
services
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Monday, December 12, 2022 

Room 1 

3:30 PM 

Impact of stumpage prices on optimal planting density and rotation age 

Presenter: Benjamin Protzman 

Affiliation: Plantation Management Research Cooperative (PMRC), University of Georgia 

Abstract 

High pulpwood prices and varied market demand in select coastal areas of the southeast incentivize 
timberland owners to manage timber for shorter rotations and at higher planting densities to take 
advantage of competitive markets. Other regions in the southeast are dominated by sawtimber 
management regimes with longer rotation ages to optimize value. More research is needed on how 
beneficial short rotation and high planting density pulpwood regimes are when compared to longer 
sawtimber-oriented rotations. This research evaluates the impact of rotation length and planting density 
on yield, evaluates the economics of rotation length by planting density in pine plantations, and 
determines the effects of stochastic stumpage prices on management decisions. This research uses the 
Plantation Management Research Cooperative (PMRC) culture-by-planting density study plots across the 
southeast, the statistical software R, and TimberMart South stumpage prices, to calculate yields (green 
tons/acre), gross revenue ($/acre), and bare land value (BLV) of sample plots planted at various 
densities over a range of ages. Stochastic stumpage prices are generated using Monte Carlo methods in 
conjunction with current TimberMart South reported stumpage prices across the United States 
southeast.  Initial analysis indicates that lower planting densities generate a higher NPV than other 
higher planting densities under certain stumpage scenarios. Other results confirm varied impacts of 
stochastic stumpage prices on economic returns.
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Monday, December 12, 2022 

Room 1 

4:00 PM 

Estimating tree utilization factors among product classes and species groups in 
the southern US 

Presenter: Dinuka Madhushan Senevirathne 

Affiliation: University of Tennessee Knoxville 

Abstract 

The Southern USDA Forest Service Forest Inventory and Analysis (FIA), Resource Use Monitoring team, 
collects tree utilization data from active logging sites on a recurring basis. At each logging site, field 
crews take various tree measurements, including species, d.b.h., bole length, tree class. Utilization data 
are then used to calculate various utilization factors to produce estimates of logging residues on FIA’s 
inventory harvest removals. While harvest utilization factors are calculated and made available at the 
state level, lower geographical aggregation such as the FIA unit or county level, could increase the 
impact of this information by offering opportunities to explore a variety of research questions.     The 
objective of this study was to estimate tree utilization factors among product classes and species groups 
at the FIA unit level in the southern US. Specifically, we examined the variation of utilization factors as 
well as identified key variables that affect utilization factors. Preliminary analysis is based on data 
collected in North Carolina during 2011-2015. Ninety-five sites examined include 2,050 samples trees 
(801 hardwoods and 1,249 softwoods) for 8 product classes. We focused on residue ratios, defined as 
unutilized volume over the total volume of the cut tree. Results showed a variable ratio across FIA units, 
species groups, and roundwood products - The mean residue ratio across FIA units varied between 0.09 
and 0.29; in average, the ratio was significantly higher for hardwoods than softwood; and among FIA 
units, sawlogs, veneer, pulpwood, and industrial fuel had varying ratios, whereas composite, piling, 
poles, and other miscellaneous product classes show no significant variation. Average volume of 
harvested trees and number of sawmills had significant impacts on explaining the variation of residue 
factors.
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Individual tree topographical position classification using LiDAR 

Presenter: Oscar Raigosa-Garcia 

Affiliation: North Carolina State University 

Abstract 

The application of data from sensors and existing spatial information such as soils, yield, and climate 
maps are used to model growth, yield, and rates of mortality at this small scale. Precision forestry refers 
to the ability to use data captured and processed with technology such as unmanned aerial systems 
(UAS), soil sensors, structure from motion or PhoDAR, and LiDAR, which support forest management 
and decision making within, rather than across, stands.   Aerial LiDAR can penetrate the forest canopy to 
capture common metrics such as individual tree locations, crown size, understory vegetation cover, and 
a digital elevation model (DEM). Understanding the interaction between soils and the topographical 
position (TP) of individual trees (e.g. valley, flat, or ridge) and their effects on individual tree growth 
opens the door to precision silviculture and management at the tree scale. This includes the ability for 
precise silvicultural treatments such as fertilization, thinning, and herbicide application based on 
management objectives and economic functions.    

This paper uses UAS LiDAR data to detect microsite geomorphology in loblolly pine stands in the Gulf 
Coastal Plain of Texas. An ITC method was used to successfully identify tree locations, and the LIDAR 
data was used to identify the microsite geomorphology. ANOVA was used to analyze the differences 
among tree height means within topographical positions and soils. It was found that Individual tree 
position plays a vital role in individual tree growth as trees respond to the interaction between soil 
variables such as drainage, texture, and topographical position. In this area, it was determined that a 
tree located on a ridge has better microsite conditions than those located in a valley or a flat area when 
the water table is high. Understanding these relationships will allow for developing growth and yield 
models that incorporate microsite conditions.
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Modeling the missing DBHs: Influence of model form on UAV DBH 
characterization 

Presenter: Wade Tinkham 

Affiliation: Colorado State University 

Abstract 

Forest management and planning are dependent on the quality and intensity of forest inventory data 
available to inform decision-making. However, plot network sampling is expensive and therefore limited 
in the proportion of a population that can be directly sampled. Recent advances in UAV 3-dimensional 
remote sensing have enabled detection and estimation of heights for >90% of stems in lower canopy 
cover dry conifer forests. Additionally, multiple remote techniques have been proposed to 
simultaneously estimate a sample of DBHs. With UAV remote sensing providing a nearly complete 
census of tree locations and heights with a sample of tree DBH values, it should be possible to adapt 
traditional field inventory/growth and yield modeling strategies to estimate missing DBH values. This 
study evaluates how the choice of model form when filling missing DBH values in a UAV augmented 
forest inventory impacts tree- and stand-level accuracy of DBH-derived parameters. Specifically, we 
consider six models in the form of simple linear, multiple linear, three non-linear, and a Random Forest 
model structure fit with predictors derived from UAV structure from motion data. Modeled DBH values 
were compared to a 4-hectare stem map in an unmanaged ponderosa pine-dominated forest. Model 
performance varied across evaluation parameters, with the three non-linear models providing 
equivalent tree-level accuracies of 0.0 cm mean error and 4.6 cm RMSE. However, the multiple linear 
model form provided the best estimates of stand-level parameters, estimating stand basal area to within 
7.5% of truth and quadratic mean diameter within 0.5 cm. Yet, the distributions of UAV extracted 
heights and DBHs were severely under-representative of the smallest third of trees in the stand. This 
training and prediction data limitation likely decreased model accuracy. Such limits might be overcome 
through targeted field sampling of smaller DBHs for model training.
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Site index equations with explicit variance formulations for Aztec Pine in Mexico 

Presenter: Geronimo Quiñonez-Barraza 

Affiliation: Instituto Nacional de Investigaciones Forestales Agrícolas y Pecuarias (INIFAP, Mexico) 

Abstract 

The site index (SI) is the most widely used method for quantifying forest productivity. One of the most 
applied techniques for generation SI curves is the generalized algebraic difference approach (GADA), 
which combines together anamorphism and polymorphism in curve shapes. Most studied GADA 
equations concentrate their efforts in estimating the expected value of the dominant height, normally 
assuming a constant variance over the whole range of the data. In this context, there is a small study 
about long-term growth projections methods for Aztec pine (Pinus teocote Schied. ex Schltdl. & Cham.) 
in Mexico. We utilize panel data captured out of 50 stem analysis considering 3,669 height-age pairs in 
total. Height measurements corresponding to a given age with sectioned-tree stem analysis were 
estimated using Carmean´s method. Assuming a GADA model with three parameters derived out of the 
widely known Chapman-Richards equation was fitted using a base age invariant approach with assuming 
local (site-specific) and global parameters.  An iterative maximum likelihood approach, solving for both 
projection equation parameters and different heteroskedastic variance formulations was developed to 
calibrate the system. Ten variance models were tested to improve uncertainty estimates over this 
dataset and assuming growth heigh normally distributed with the GADA equation and variance model as 
mean and variance parameters, respectively, for the probability density function of normal distribution. 
A sum of ranks system was used to evaluate the fitted equations and some fitting statistics like RMSE, 
mean error, AIC, BIC, and Loglik. The top one dominant height and SI equation considered six common-
parameters and fifty site-specific parameters for this panel dataset. The root mean square error for the 
best equation was 0.885 m while the worse equation showed a value of 1.093 m. The developed 
equation could be used to model the dominant-height for both mean and variance responses in the SI 
curves.
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Software for plotting errors in predictions of self-referencing models. 

Presenter: Chris Cieszewski 

Affiliation: Warnell School of Forestry and Natural Resources, University of Georgia 

Abstract 

This presentation discusses the propagation and impact of different types of errors in model predictions. 
Two major types of model prediction errors are based on the propagation of the measurement error 
and on the level of the process error that is created by the inconsistencies of the trends in data and in 
the model's limited flexibility.
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Loblolly Pine stand diameter distribution projection using copulas 

Presenter: Mauricio Zapata 

Affiliation: FiniteCarbon 

Abstract 

Evaluation of forest value depends on the ability to segregate the stand’s projected volume into 
different diameter classes, determining forest products. Practitioners utilize several methods to project 
a stand table forward based on simple diameter distributions or complex algorithms. This work presents 
a new procedure to project stand diameter distributions after thinning using normal copulas with 
marginal three-parameter Weibull distributions where the distribution after thinning is assumed known. 
A method to recover the future marginal Weibull diameter distribution that is compatible with stand-
level projected attributes is explained. We evaluated this method using plots from the Mid-Rotation 
Treatment Study established by the Plantation Management Research Cooperative (PMRC) at the 
University of Georgia. The results indicated that the copula method produces similar and sometimes 
better results than the traditional parameter-recovery method, but a notable improvement in accuracy 
was observed as the projection time increased (a total of 7 years in this study) with reductions between 
2% - 29% based on the Reynolds error-index. Our approach implements a technique that has proven to 
be consistent and robust. The authors believe that this new application is valuable for assessing timber 
resource availability by size class accurately.
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Modeling dominant height using topographic and edaphoclimatic variables for 
Pinus radiata, Eucalyptus globulus and Eucalyptus nitens plantations 

Presenter: Pablo Mena-Quijada 

Affiliation: Arauco 

Abstract 

Height growth has traditionally been used to predict productivity using the site index (i.e. dominant 
height at a key age). To develop prediction equations of height over time, several modeling approaches 
have been applied. The typical forestry strategy is to fit a set of equations for discrete land units that 
share similar soil and climatic conditions. These land units cannot capture the local effects on growth 
rates. To cope with this, the goal of this work was to develop a spatially explicit dominant height model 
capable of explaining growth changes as a function of edaphoclimatic variables. We combined an 
exhaustive database of long-term trial plots (n=2397) with bi-temporal airborne laser scanning data 
(n=8003) to fully characterize growth over time and the spatial distribution of soil, topography, and 
climate. Then, a Bertalanffy-type model with mixed effects was fitted. The effect of each plot was 
extracted as a random effect and then spatially modeled using Random Forest. By doing this, we 
identified the set of topographic and edaphoclimatic variables that explain the productivity of Pinus 
radiata, Eucalyptus globulus, and E. nitens species. We estimated a random-effects map capable of 
predicting polymorphic dominant height growth curves for the three species studied. The results show a 
mean square error of 1.4, 4.2, and 2.1 m and biases of -0.35, 0.028, and 0.11 m for Pinus radiata, 
Eucalyptus globulus, and E. nitens. Our model allows to improve height prediction capacity, reduce 
uncertainty in sites without productivity information and simulate scenarios of variation in 
edaphoclimatic conditions.
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UAS challenges in evaluating the effectiveness of herbicide applications 

Presenter: Sudeera Wickramarathna 

Affiliation: Oregon State University 

Abstract 
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Sequestering carbon through protection and production: A case study of 
industrial reforestation in Mata Atlantica, Brazil 

Presenter: Thomas Harris 

Affiliation: Yale 

Abstract 

Many studies have examined the potential of industrial plantations to facilitate natural second growth 
beneath for potential conversion to native forest. Other studies have also examined the potential role of 
tree planting for carbon sequestration in the tropics - mostly with a focus on native trees. But the vast 
majority of today’s reforestation is for industrial purposes. We are not aware of any studies which have 
examined the potential synergies of industrial reforestation with secondary forest regrowth. Our study 
proposes to examine this potential by investigating: 1) the role industrial plantations can play in both 
elevating the carbon stored in soils and above ground biomass as compared to former and current 
agricultural and pastoral lands; 2) the potential for long-term carbon storage in manufactured wood 
products; 3) the potential for these wood products to be substitutes for more energy intensive 
materials; and 4) their potential to restore and protect recovering second growth within the 
reforestation area. Positive results from our proposed study can provide a large scalable carbon 
sequestration solution for reforestation globally when done correctly. This class of solutions have 
enormous potential because they are incentive-compatible. They feasibly improve the well-being of all 
actors involved–from government officials to industrial managers to landowners who lease property.
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Evaluating whole-stand growth and yield models accounting for mid-rotation 
competing vegetation in loblolly pine plantations in the southern US 

Presenter: John Young 

Affiliation: Plantation Management Research Cooperative, University of Georgia 

Abstract 

The presence of competing vegetation (CV) is known to limit the productivity of loblolly pine plantations 
across the southeast US. Suppression of CV during both stand establishment and following crown 
closure has proven effective for promoting increases in wood production throughout rotation. Stand-
level response to CV release is complex, and dependent on factors such as the treatment intensity, pre-
treatment density of both CV and crop trees, and the target CV population. Reemergent CV may occur if 
release treatments are insufficient relative to pre-treatment stand conditions and when observed, 
limitations in overstory productivity due to reemergent CV should be considered. Potential overstory 
growth losses can be evaluated by accounting for CV within growth and yield models.     Previous stand-
level models have primarily assessed crop tree yield relative to the proportion of overstory CV. 
Consequently, crop tree yield loss relative to the development of alternative CV populations (i.e., 
understory or herbaceous) is generally unknown. A long-term PMRC study monitoring the growth of 
both intensively managed loblolly pine and concurrent CV was assessed to explore the role of CV in 
explaining additional variation of crop tree growth responses. Potential metrics to quantify CV within a 
model system, and possible methods of modifying growth and yield systems to account for CV are 
summarized. New parameter estimations based on the proposed techniques will be examined, as well 
as a comparison of the updated models’ performance. Lastly, the major implications and future research 
directions will be discussed. Incorporating additional CV metrics within stand-level growth and yield 
models is pertinent for advancing the development of site-specific decision criteria, as it encourages 
land managers to consider how local vegetation dynamics influence crop-tree productivity.
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A growth and yield system for slash pine including responses to silvicultural 
treatments 

Presenter: Laura Ramirez Quintero 

Affiliation: University of Georgia 

Abstract 

Slash pine is the second most important commercial species in the southeastern United States, it is 
usually established in poorly drained flatwoods where it outperforms other common commercial pine 
species. Modeling slash pine growth and how it responds to silvicultural treatments is of interest to 
forest managers wanting to maximize their investments in the region. In this research, a system of 
differential equations is proposed to model slash pine growth including the effect of silvicultural 
treatments (i.e., bedding, vegetation control, and fertilization).  Data for this model came from a long-
term study (30 years) established by the Plantation Management Research Cooperative (PMRC) across 
Georgia, Florida, and South Carolina. The model system describes the trajectory of three state variables 
(dominant height, mortality, and basal area). The three models were estimated simultaneously using 
maximum likelihood and the variance/covariance was modeled within the system. The proposed system 
was compared to other traditional model systems and the advantages/disadvantages of the proposed 
methodology are discussed.
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Propagation of uncertainty through a carbon accounting workflow 

Presenter: Nan Pond 

Affiliation: NCX 

Abstract 

Traditional accounting under forest carbon methodologies relies on arithmetic combinations of 
uncertainties for one or more measured or modeled variables. We propose an alternative wherein 
uncertainty is propagated when estimating carbon stocking and management impacts under baselines 
and project scenarios. We will describe a framework for employing a consistent series of models  to 
develop posterior distributions of each quantity of interest. Focusing on a single value, the amount of 
carbon removals deferred in a given year, directly measures the impact of a given project by integrating 
all uncertainty in individual quantities of interest. Once project uncertainty is computed, a loss function 
can be defined to determine a conservativeness factor deduction applied to quantify overall project 
impact.  This approach allows for robust accounting of imprecision in baseline calculations and 
subsequent crediting of forest carbon offsets. We will discuss how this method compares to standard 
approaches to describing and accounting for uncertainties in IFM projects.
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Assessment of understory vegetation in a plantation forest using laser scanning   

Presenter: Angel Adhikari 

Affiliation: Warnell School of Forestry and Natural Resources, University of Georgia 

Abstract 

Several decades of forest research efforts and the success of pine plantation silviculture have turned the 
forests of the southeastern United States home to large timber industries. However, interspecies 
competition between herbaceous and woody plants for resources is documented as one of the major 
limiting factors affecting the pine growth in this area. Mapping and quantifying understory are critical 
for forest management in the South, but it hasn’t proved easy with the available methods. Laser 
Scanning, capable of constructing 3D maps of a complete forest profile, has the potential to map and 
quantify the understory portion of a forest. Still, this ability is not yet fully explored. Therefore, this 
study aims to assess understory vegetation biomass utilizing laser scanning data from the ground. We 
collected ground data from an operational plantation forest in Nassau County, Florida. The plantation 
stands were classified into six different strata based on the understory vegetation abundance and four 
strata based on mean tree height. Sixty sample plots of 1600m2 were established and evenly distributed 
inside all strata. Tree height and dbh were collected, and laser scanning data for the entire forest profile, 
including the understory.  The pre-processed normalized point clouds from all trees were removed using 
density-based individual tree detection methods; and the remaining point clouds representing the 
understory layer were then processed to quantify understory biomass. Statistical analyses were applied 
to evaluate understory vegetation competition by correlating understory biomass and plantation tree 
growth. The results from this research work could potentially aid plantation monitoring and silviculture 
prescriptions decision-making.
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Performance of BLK2GO on varying density pine stands 

Presenter: Bini Dahal 

Affiliation: North Carolina State University 

Abstract 

Performance of BLK2GO on Varying Density Pine Stands  Bini Dahal, Dr. Leah Rathbun, Dr. Tara Keyser  
The assessment of the spatial distribution of a forest plays a crucial role in understanding the 
regeneration of forest, mortality, nutrient cycling, and fire behavior. On a large scale, this assessment of 
forest is often executed using either aerial or terrestrial LIDAR. With advancements in technologies, 
handheld laser scanners such as the Leica BLK2GO provide efficiencies in the data collection process.  
However, the effectiveness of these devices across different densities and stand structures needs to be 
investigated.  Our study area was located in DuPont State Recreational Forest, Cedar Mountain, North 
Carolina and comprised of oak/pine forests.  Understory/regeneration in this stand ranged from open 
areas with little to no understory/regeneration component to areas where understory/regeneration 
component was thick and often allowed for little light to penetrate to the ground.  This study assessed 
the point cloud density from the BLK2GO device under varying understory densities to determine the 
optimum conditions for identifying individual tree locations across the landscape.  Parallel transects 
located 5 meters apart were installed within the study site across different understory/regeneration 
densities identified as low, medium, and high.  Along each transect, the BLK2GO unit was held at 
approximately four feet in height and point cloud data was collected. For each density category, the 
point cloud data from the unit will be used to assess the ability to identify tree size and used to develop 
recommendations regarding the ability of the Leica BLK2GO mobile LiDAR unit for assessing individual 
tree locations and size under varying understory/regeneration densities. The results of the study will be 
presented at the meeting.
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Exploring alternative methodology to estimate by-species sawlog volume in the 
southeastern United States 

Presenter: Tara Skiba 

Affiliation: University of Tennessee, Knoxville 

Abstract 

The Forest Inventory and Analysis (FIA) conducts Timber Products Output (TPO) studies to assess timber 
resource use across the United States. The TPO studies gather information though surveys of primary 
wood processing facilities. The southern mill surveys provide information to quantify the utilization of 
roundwood by geographic location, tree species, and forest product type. However, not all responding 
mills provide information on tree species utilized. As a result a portion of the reported volume falls into 
the “unknown/unclassified” softwood or hardwood category. Current methodology to determine tree 
species uses a combination of information provided by timber mills and FIA permanent plots. 
Specifically, for each FIA unit within a state, TPO calculates the species proportion based on FIA’s annual 
harvest removals and applies those percentages to the total volume reported by the mills for each 
county within that unit. When comparing the species proportions based only on mill data with that 
estimated using the described harvest removals methodology, we find large differences across some 
tree species.   The purpose of this study is to evaluate alternative data selection methodologies to 
estimate species proportions for hardwoods and softwoods across southeastern states for sawlogs, as 
well as explore possible alternative spatial-grouping methodologies to improve estimates of county-level 
species proportions. The goal is to identify a methodology that produces similar species proportions as 
what the mills report that also makes logical sense, eliminating the need to survey mills for their by-
species volumes and/or allow for accurate allocation of unknown/unclassified volumes. Enhanced 
methodology can help increase the confidence of the TPO-produced estimates and can subsequently be 
applied to other states and product classes.
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Predicting forest aboveground biomass with remotely-sensed and ground-based 
variables for mixed-hardwood forests in eastern Tennessee 

Presenter: Sakar Jha 

Affiliation: The University of Tennessee, Knoxville 

Abstract 

Accurately predicting forest aboveground biomass (AGB) is essential to quantify forest productivity and 
monitor forest carbon dynamics. The objective of this study was to predict forest AGB using remotely-
sensed and ground-based variables. Specifically, Shuttle Radar Topography Mission Digital Elevation 
Model (SRTM-DEM), Landsat-8, and Sentinel-2 images were used to derive 112 remotely sensed 
variables (56 from each satellite image) (e.g., raw spectral bands, vegetation indices, texture indices and 
terrain metrics). 4 ground-based variables computed from forest inventory data were examined, which 
included mean DBH, mean total tree height, trees per ha, and basal area per ha. Random forest 
algorithm with recursive feature elimination (RFE) method was used for model fitting and variable 
selection.   This study was conducted using carbon inventory data collected from three mixed-hardwood 
forests in eastern Tennessee. Study locations are in the north and south tracts in the Cumberland Forest 
unit and the Oak Ridge Forest unit of the University of Tennessee Forest Resources AgResearch and 
Education Center. The forest types of both units are typical of the Cumberland Mountain and Ridge 
Valley physiographic regions of Tennessee, which are dominated by oaks, hickories, maples, and yellow 
poplar.   Results show that models with both remotely-sensed and ground-based variables produced 
more accurate predictions than those with only remotely-sensed variables. In general, models with 
variables computed from Landsat-8 yielded lower RMSE and greater R^2 than from Sentinel-2. The 
number of important predictors selected varied among models, but the ground-based variables ranked 
higher than remotely-sensed ones. Among all remotely-sensed variables, texture indices explained more 
variability of AGB than other variables. The results of this work provide additional insights on applying 
remote sensing information in forest modeling.
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Detection and mapping red pine seedlings using UAV imagery and field data 

Presenter: Abishek Poudel 

Affiliation: SUNY College of Environmental Science and Forestry 

Abstract 

Forest monitoring activities are critical to sustainable forest management. One important element of 
this type of monitoring program is assessing regeneration. Timely and accurate regeneration assessment 
is essential for landowners to determine if current stocking levels are adequate to meet desired future 
management objectives and make appropriate decisions related to future management activities. 
Evaluating new methodologies to improve monitoring efficiency is essential. Unmanned Aerial Vehicles 
(UAVs) are one of the latest cutting-edge geospatial technologies used to collect forest attributes at high 
spatial and temporal resolution. Most environmental UAV research focuses on mapping, monitoring, 
and managing ecosystem processes, and results suggest these systems are feasible, cost and time-
effective forest monitoring approach. This study aims to detect. Map and compare the accuracy and cost 
efficiency of assessing forest regeneration abundance in recently cut areas in Adirondacks, New York, 
between (1) traditional field-based regeneration assessment methods and (2) UAV-derived image 
products. The study utilizes field data from 16 fixed-area sample plots in young red pine stand and 
multispectral imagery acquired with DJI Matrice 100- UAV fitted with Micasense RedEdge-M 
camera.UAV was flown under a clear sky at 93-meter altitude in a single grid pattern with 80% front and 
side overlap. The flight speed was 8.9 meters/second. PIX4D software was used to process UAV 
multispectral imagery and create orthorectified imagery, orthomosiac, digital terrain model (DTM), 
digital surface model (DSM), and dense point clouds. Preliminary results show UAVs can detect and 
delineate individual trees and provide detailed 3D structural information on forest regeneration.
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Comparing automatic segmented tree crowns with geometric crown models 

Presenter: Andreas Tockner 

Affiliation: University of Natural Resources and Life Sciences, Vienna 

Abstract 

A consistent workflow is presented for the automatic segmentation of single trees from handheld 
mobile laser scanning (HMLS) data. HMLS data from forest stands provides a complete and detailed 3D 
representation, but prior to all data analysis an accurate segmentation of tree individuals is demanded. 
As manual on-screen segmentation is time-consuming and labor intensive, we developed a functional 
automatic crown segmentation as a voxel-based region growing algorithm. Tree dbh, height, crown base 
height (cbh), crown projection area (cpa) and crown volume were automatically measured from single 
tree point clouds. The methodology was validated on publicly available PLS raw data via segmentation 
accuracy and measurement precision. Manual segmentation, field measurements, and geometrical 
crown models were used as reference data. The overall segmentation accuracy of the crowns was 
87.02% and tree height was accurately measured with a bias of -0.05 m and a RMSD of 1.21 m (6.33%). 
Existing geometric crown models proved to be a realistic approximation of the true crown architecture 
and matched the measured tree crown volume with a bias of 4.62 m3 and a RMSD of 63.02 m3 
(31.72%). Tree height and cpa were not affected by segmentation accuracy, but a major challenge 
remained in estimating cbh, which had a bias of -0.99 m and a RMSD of 3.15 m (41.42%). The proposed 
methodology can be considered as a solution for a fully automatic and digital forest inventory and is an 
essential step towards analyzing individual tree crown characteristics with laser scanning technology.
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Red spruce stem taper in southern Appalachia 

Presenter: Steve Morrone 

Affiliation: Virginia Tech 

Abstract 

One of the most prevalent and commercially important species in the northeastern US and eastern 
Canada is red spruce (Picea rubens). Its native range extends south into Tennessee and North Carolina 
along the Appalachian Mountains, where it and the endemic Fraser fir are restricted to the highest 
elevations. Currently, there are no stem taper equations developed specifically for red spruce in 
southern Appalachia. We hypothesized that red spruce in the south had developed differences in 
physiological traits such as stem form since it was separated from the rest of the northern populations 
after the last ice age. Using data collected in North Carolina, Tennessee, and southern Virginia, we 
attempted to develop and assess taper and volume equations for southern Appalachian red spruce. We 
then compared these stem forms to data from trees in the northeast US and Canada to identify 
significant differences in stem taper between the populations. We hope this study can emphasize the 
unique characteristics of these southern spruce-fir forests and provide ideas for management and 
restoration of these regionally rare cover types.
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Comparing direct and indirect methods for estimating tree biomass change 
using forest inventory and aerial laser scanner data 

Presenter: Suveksha Jha 

Affiliation: Warnell School of Forestry and Natural Resources, University of Georgia 

Abstract 

Forest biomass estimation methods are required to monitor forest structure and productivity changes 
and, consequently, for forest management decisions. This research compared direct and indirect 
methods for estimation of tree biomass change using forest inventory and aerial laser scanning data for 
two years. This study was carried out in pine plantations, specifically in the thinning and Mid-Rotation 
fertilization Treatments (MRT) research trials established by the Plantation Management Research 
Cooperative (PMRC) across the Southeast U.S. The research trials were planned to use a combination of 
site index and basal area low and high values. Measurement plots in the research trials are half an acre 
in size. We used airborne lidar data acquired by USGS in previous years and UAV-derived lidar acquired 
in 2022. Field plot tree height and dbh measurements were used to estimate tree biomass using 
allometric equations. We generated lidar metrics, canopy height models (CHM), and predictive models 
for biomass. We compared three approaches to estimate tree growth: the CHM, the area-based 
biomass, and the individual tree-level biomass difference. Results from this study could be used to 
inform decisions on lidar data integration into southern pine plantation growth and yield models.
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By what measure? Current challenges and opportunities in forest mensuration 

Presenter: Catherine Bealle Statland 

Affiliation: B.C. Ministry of Forests 

Abstract 

Forest mensuration is a dynamic and evolving field, not only because of rapid technological 
development, but also because of the need to respond to the changes in natural resource management 
driven by changes in broader society.  Though we are confident in the mathematical rules and firm 
statistical concepts underpinning our practice, we have all experienced surprising challenges from the 
various socio-economic forces shaping the contexts in which we work. In fact: what, where, when, why, 
and how to measure, and who should be doing it, have always been value-laden questions since humans 
first scratched ruler-like markings on bone fragments to take stock of their surroundings. In this talk, I 
will review some of these influences with particular reference to forest management in B.C. and the 
challenges and opportunities they present for forest mensuratio
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Revisiting a complex segmented stem profile model 

Presenter: James Flewelling 

Affiliation: Consultant 

Abstract 

In 1986 Rayonier Timberlands asked two very competent biometricians to determine if any known taper 
model could be satisfactorily fit to recently collected data for western hemlock. The biometricians 
reported that all of the model forms they tried had lack-of-fit problems. Rayonier subsequently asked 
this author for help in developing a new taper model. That model was described in a 1993 CJFR article.  
A companion article discussed using the within-stem error distribution model with conditioning upon 
measured upper-stem diameters. The underlying profile model was subsequently used in a 1994 
northwest taper cooperative and a 1997 inland cooperative. There has been very little interest in 
pursuing models of this type. The primary reason for this was identified by Burkhart and Trincado in 
2006: the system and its fitting method were too complex.      

The complexity of the fitting method has now been partially addressed with open-source software. The 
new software omits the multivariate nonlinear regression approach published in 1993 in favor of the 
less-restrictive maximum likelihood approach used for the coop model development.  Most current 
taper models can be thought of as families of curve shapes indexed by a single parameter, often linked 
to the height-diameter ratio. The selected shape is matched with a scaling factor to condition on breast-
height diameter. This paradigm of a single-family of shapes may be inadequate for some species. The 
complex segmented model lets multiple geometric factors be arbitrary functions of total height and 
DBH. This inherent flexibility should allow most substantive lack-of-fit problems to be eliminated.  What 
is required are good data, a good within-tree variance model, intense residual analyses, and targeted 
model exploration for relating shape to DBH and height. The new software can help, but requires sweat 
equity.
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Closest-tree sampling by unbiased methods 

Presenter: Kim Iles 

Affiliation: Kim Iles & Associates 

Abstract 

Most of forest sampling is an exercise in geometry.  This is certainly the case with sampling the nearest 
tree to a random point, and methods that are equivalent.  One general unbiased approach to such 
methods is presented, which have many special cases - and connections that might be useful in relation 
to remote sensing are explored.  Automated systems might just make these approaches much more 
practical.
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Classification of self-referencing models 

Presenter: Chris Cieszewski 

Affiliation: Warnell School of Forestry and Natural Resources, University of Georgia 

Abstract 

This presentation reviews and systemize the statistical and mathematical properties of self-referencing 
models. The statistical properties are determined by the model fitting methodology and the treatment 
of the model reference points and data. The mathematical properties of the models depend on the 
choice of mathematical formulations used for the model formulation.
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Sampling effects on height and volume imputation 

Presenter: Bronson Bullock 

Affiliation: Plantation Management Research Cooperative, University of Georgia 

Abstract 

In the southeastern United States, timberland transactions depend on proper volume and/or green 
weight estimates. At the tree level, these estimates are typically derived using measured diameters and 
a mixture of measured and imputed heights. A simple height-diameter model such as, ln{\left(H-
4.5\right)}=\beta_0+\beta_1D^{-1}\ +\ \varepsilon, where H is total tree height (ft.) and D is DBH (in.), is 
commonly used to fit the measured diameters and heights and is then used to impute the missing 
heights. This technique is widely accepted; however, it is not immune to sampling errors and typically 
assumes that the sample of heights used to fit the height-diameter equation were collected evenly 
across the diameter distribution. The work presented here evaluates the effects of violating this 
sampling assumption on both imputed heights and volume estimates derived using the imputed heights.     
Data from a PMRC loblolly pine (Pinus taeda L.) density x thinning trial located in the Piedmont of 
Georgia were used to evaluate how different height sampling techniques affect imputed heights and 
thus estimated volumes. For this work, data from 16 non-thinned control plots were used. Plots were 
0.1 ac in size and contained between 10 and 100 measurement trees (depending on the stand density). 
Both diameter and height were measured for all trees on a plot at one-, two-, or three-year intervals 
from ages 3 to 24. To simulate the effects of the different sampling techniques on imputed heights, a 
subset of tree heights and diameters was used to fit the previously described height-diameter equation; 
these techniques included:  random selection of 30% of trees, selection of the largest 30% of trees (with 
respect to diameter), and selection of the smallest 30% of trees (w.r.t. diameter). After the height-
diameter equation was fit for each plot by age by subsampling combination, missing heights were 
imputed, and volumes were estimated using an individual-tree volume equation. Height and volume 
estimates were then compared using root mean squared error (RMSE), average bias, and mean absolute 
deviation (MAD) calculated using the measured values. Results show that at densities below 1000 TPA, 
random selection of height trees yielded the lowest average RMSE and MAD values for both height and 
volume estimates and no consistent trend in bias was detected with calculated values close to 0. On the 
high-density plots (1000 TPA), selecting the smallest 30% of trees to impute missing heights resulted in 
lower RMSE, bias, and MAD values than the other two techniques for height estimates and smallest bias 
and MAD values for volume; however, the random selection technique resulted in a lower RMSE value 
for estimate volumes on the 1000 TPA plots.
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Growth and yield model parameter estimation using multiple objectives 

Presenter: Mike Strub 

Affiliation: Retired 

Abstract 

Maximum likelihood is used for growth and yield model parameter estimation by optimizing for multiple 
objectives.  Optimizing for diameter growth, height growth and mortality can be attained by maximizing 
the product of the three likelihood functions.  The process is illustrated using the ORGANON and 
TRULOB models.  Similar methods can be used to optimize for other criterion such as basal area, 
dominant height, trees per acre and volume.
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Tree stem volume estimation from terrestrial LiDAR point cloud by unwrapping 

Presenter: Robert Froese 

Affiliation: University of Alberta 

Abstract 

Estimating the volume of standing trees is a fundamental concern in forestry and is typically 
accomplished using one or more measurements of stem diameter along with formulae that assume 
geometric primitives. In contrast, technologies such as terrestrial LiDAR can record very detailed spatial 
information on the actual surface of an object, such as a tree bole. We present a method using LiDAR 
that provides accurate volume estimates of tree stems, as well as 2D rasters that display details of stem 
surfaces, which we call the “unwrapping method”. This method combines the concepts of cylinder 
fitting, voxelization and Digital Elevation Models (DEMs). The method is illustrated and tested using a 
sample of standing trees, whereby we are able to generate accurate volume estimates from the point 
cloud, as well as accurate visualization of the scanned stem sections. When compared to volume 
estimates derived from Huber’s, Smalian’s and Newton’s formulae, the differences are consistent with 
previous studies comparing formula-derived volume estimates and water-displacement derived volume 
estimates, suggesting the unwrapping method has comparable accuracy.
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Inclusion of tree age as an additional variable in volume equations improved 
taper and volume estimations for durango pine in Mexico 

Presenter: Geronimo Quiñonez-Barraza 

Affiliation: Instituto Nacional de Investigaciones Forestales Agrícolas y Pecuarias (INIFAP, Mexico) 

Abstract 

Volume and taper equations are essential elements of quantitative tools in forest management and 
planning. The Schumacher-Hall volume model (V=α_1 〖dbh〗^(α_2 ) H^(α_3 )) has been extensively 
used to develop taper and volume equations. This model form assumed that the volume equals to zero 
when the diameter at breast height (dbh) equals zero, which may lead to biased volume estimations for 
trees below breast height. Thus, the Schumacher-Hall equation can be modified as V=α_0+α_1 〖dbh〗
^(α_2 ) H^(α_3 ) by including an intercept parameter α_0 which can be fixed as the average observed 
volume of trees that reach the breast height. Furthermore, tree age is also included as a new 
explanatory variable, leading to the third model form (V=α_0+α_1 〖dbh〗^(α_2 ) H^(α_3 ) A^(α_4 )). 
These three total volume model forms are separately used in the taper and merchantable volume 
equations derived from volume ratio approach. These volume model forms, and the corresponding 
taper and merchantable volume equations were fitted and evaluated using a combined dataset from 
stem analysis of forty-four young trees and sixty-nine old trees. The intercept parameter α_0 was fixed 
as 0.000203 m3 and all models performed well. When tree age was included in volume, taper, and 
merchantable volume models, the RMSEs were reduced around 5%. The inclusion of a fixed intercept 
parameter and age improved the estimation of taper, total volume, and merchantable volume.
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Systems of equations in forest modeling: Classification and estimation 

Presenter: Dehai Zhao 

Affiliation: Warnell School of Forestry and Natural Resources, University of Georgia 

Abstract 

There is a long history of developing systems of interdependent equations in forest modeling, such as 
developing compatible systems of growth and yield equations, compatible systems of taper and volume 
equations, and additive systems of biomass equations. To ensure the compatibility or additivity within 
the system, we need to use some specific model structures to properly describe intrinsic mathematical 
relationships or physiological relationships among dependent variables, e.g., derivative-integral 
relationships between volume growth and yield, and between tree taper and volume. To achieve more 
efficient estimates of parameters, we also need specific model estimation methods to deal with 
inherent correlations across the equations and other estimation problems, depending on the structural 
form of the system and the existent data (especially the sample size). The presentation will provide a 
detailed overview on systems of equations in forest modeling with different classifications and the 
corresponding estimation methods.
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Modeling basal area yield using simultaneous equations system incorporating 
uncertainty estimators 

Presenter: Cristian Montes 

Affiliation: Universidad de Concepción 

Abstract 

Over the last three decades, the method to create a compatible basal area (BA) prediction and 
projection equation, has been incorporated in many growth and yield systems for the southeast US. The 
method allows the inclusion of single time BA-age measurements together with BA increments in the 
same equation. Parameters resulting from the estimation process are later used to either predict BA at a 
single time or between different times.  Unfortunately, during calibration, forward projection data pairs 
have the same weight as observations done a single time, introducing a well known error-in-variable 
problem. Therefore, estimators are expected to be biased towards the mean of the observations. To 
bridge this gap, we introduce a simple assimilation algorithm that treats prediction values as the result 
of the weighted average between the projected and predicted basal, using the reciprocal of their 
variances as the weighting factor. To test this approach, both prediction and projection equations were 
fit simultaneously using an ad-hoc matrix structure using three different error structures: 1) 
homoscedastic errors with a single parameter, 2) heteroskedastic errors using a weighting factor wt and 
3) errors including the assimilation term w(t,t-1). A dataset including silvicultural treatments was used 
for model calibration and validation, including explicit terms for each treatment. The system of 
equations that incorporated silvicultural treatments as dummy variables generated lower RMSE and AIC 
values in all methods. Meanwhile, the simultaneous fits showed higher values of these indicators. Fitting 
technique number 3, which incorporated the error assimilation term into the weighting factor w(t,t-1) 
generated better results according to the RMSE with respect to the other two techniques evaluated 
here. Our results show a substantial improvement over the traditional approach, resulting in consistent 
unbiassed estimators.
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Developing an operational remotely-sensed forest inventory on state forests in 
Oregon 

Presenter: Sean McKenzie 

Affiliation: Oregon Department of Forestry 

Abstract 

The State Forest Division of the Oregon Department of Forestry manages ca. 3.0 × 105 ha of State 
Forests throughout Oregon under a statutory mandate to provide the “Greatest Permanent Value” of 
economic, social, and environmental benefits through time and across the landscape to Oregonians.  
Maintaining an accurate and up-to-date forest inventory is imperative for the Division to make judicious 
land management decisions and implement adaptive management in support of its Greatest Permanent 
Value mandate.  Since 2001, the Division has used the Stand Level Inventory, which consisting of a 
double sampling and imputation approach, for its programmatic forest inventory.  While the Stand-Level 
Inventory has met many Division needs, it has presented several constraints, including lacking estimates 
of uncertainty, constraining spatial scopes of inference, being an invalid design for monitoring temporal 
dynamics of forest biometrics, and presenting major challenges for data management and maintenance.  
Beginning in 2020, the Division’s Inventory Program partnered with the Pacific Northwest Research 
Station of the United State Forest Service to install and measure a grid of Forest Inventory and Analysis 
(FIA) plots on State Forest at a density of ca. 1 plot per 1000 ha, tripling the density of the national FIA 
base grid.  Also in 2020, the Division collected lidar data across 6.5 × 104 ha of contiguous State Forest 
ownership. We trained preliminary models of lidar point cloud metrics trained on 223 combined 
national grid and intensified grid FIA plots to predict forest biometrics at a 20 × 20 m grid.  Following a 
review of our initial biometric raster estimates, we suspected some possible problems with model 
extrapolation beyond the distribution of biometric values in the FIA plot network.  To remediate 
potential extrapolation, the Division’s Inventory program installed and measured a supplemental 
network of fixed-radius inventory plots in 2022 to improve the correspondence between the cumulative 
distribution functions of lidar grid metrics across the covered area and those of field measured plots.  
Additionally, the Inventory Program measured a suite of 24 forest stands delineated in its extant Stand 
Level Inventory using a traditional variable radius cruise.  With these datasets, the Inventory Program is 
developing a wall-to-wall Enhanced Forest Inventory to modernize the Division’s programmatic forest 
inventory.  Here, we present our sampling designs and methodology for developing and validating our 
nascent Enhanced Forest Inventory. 
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