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ABSTRACT:

Accurate representation and projection of managed, naturally-regenerated stands requires a
methodology for predicting the amount, composition, and size distribution of ingrowth. The
Forest Vegetation Simulator (FVS) has been to shown be significantly biased in prediction of
ingrowth. This project uses the comprehensive regional growth and yield database recently
constructed for another CFRU project (Refinement of FVS) and would provide the data
necessary to begin developing a tool to predict ingrowth. The key equations would be ones to
predict the amount, composition, and size distribution of ingrowth. The predictions would be
driven by a combination of stand- and site-factors. A key deliverable of this project of this
project is a tool that will provide a method for better integrating ingrowth into future FVS
simulations. These equations would also assist in understanding the factors that drive stand
dynamics in this region.
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BACKGROUND:

Ingrowth is defined as number of trees that periodically grow into the smallest measured size
class of a forest stand. Accurate representation and projection of managed, naturally-regenerated
stands requires a methodology for predicting the amount and composition of ingrowth. Despite
its importance, relatively little work on predicting ingrowth has occurred in the Acadian Region.
The widely used Forest Vegetation Simulator (FVS) does not support a full establishment model.
The FVS Ingrowth Tool of Arseneault et al. (2008) provides a means for including ingrowth tree
lists into FVSS projections, but doesn’t help to create realistic ingrowth tree lists. Recent work by
Ray et al.(2008) indicates that the Northeast variant of FVS is particularly biased in predicting
the amount and composition of ingrowth. Moreover, Ray et al.(2008) found that limiting the
amount of ingrowth to <1,800 trees per acre largely eliminated the bias in FVS, but only
modestly improve model accuracy. Thus, a method for predicting the amount and composition of
ingrowth is needed in this region.

Forest ingrowth is a highly stochastic process and is influenced by a variety of factors, which can
only be partially accounted for by stand- and site-level factors. Ingrowth models have been
developed in several other regions, particularly the northern hardwoods. For example, Ek (1974)
predicted the number of ingrowth trees in a northern hardwood stands as a function of the
number of trees and basal area of trees larger than the ingrowth threshold. Hann (1980)
developed a model to predict ingrowth of ponderosa pine as a function of site index and basal
area of trees up to 3 inches larger than the ingrowth threshold. Alternatively, Ek et al. (1997)
used tabular imputation methods to predict regeneration and ingrowth rather than fitting an
empirical model.

Shifley et al. (1993) reviewed several ingrowth models for the northern hardwoods region and
found that most of the equations suggested ingrowth to be related to stand density and size
structure as well as the number of trees that are near the threshold. However, most of these
previous models were limited to a single diameter threshold value and Shifley et al. (1993)
developed an approach to predict the amount of ingrowth for a variety of threshold values. Their
model is driven by the crown competition factor of Krajicek et al. (1961), which is adaptable to
stands with mixed species, size, and age distributions.

Given that ingrowth is the cumulative result of events and conditions over several years
including seed source, regeneration success, climate, and disturbance, the number and species of
ingrowth is driven by a variety of complex factors. Consequently, the proportion of variation
explained by previous ingrowth models has varied widely from 0.08 to 0.81 (Shifley et al.,
1993). Thus, a large and comprehensive database is often necessary to develop an effective tool
for predicting regional ingrowth behavior. As part of the Refinement of FVS CFRU project, a
comprehensive regional growth and yield database has been constructed and would provide the
necessary data to complete this analysis. This analysis would be unique in that it covers a variety
of regions, species, and stand types. This would help to serve as a true test of the generalized
approach of Shifley et al. (1993) and understand the various factors that influence ingrowth
dynamics in the Acadian Region.



Relatively few analyses have looked at ingrowth patterns and their interaction with forest
management in the Acadian Region. For example, Kenefic et al. (in review) recently indicated
that there was high within treatment variability in recruitment patterns at the Penobscot
Experimental Forest, but variation between treatments was limited. This suggests that local site
factors like density and composition may be more important than the influence of forest
management per se. However, an extensive database that includes both unmanaged and managed
stands would be needed to test this important question.

PROJECT OBJECTIVES:

The overall goal of this project is to provide a robust methodology and software tool for
incorporating ingrowth in future growth and yield projections, particularly those involving FVS.
Specific objectives are to:

1. Compile and identify existing ingrowth and regeneration data

2. Assess the relationship between ingrowth and various stand and site factors

3. Develop regional equations to predict the amount and composition of ingrowth

4. Provide a software tool that predicts ingrowth and incorporates it into FVS
ANALYTICAL APPROACH:

The recently compiled growth and yield database from the Refinement of FVS CFRU project
contains over 200,000 ingrowth trees that will be used in the analysis Table 1. These ingrowth
trees would be identified and compiled for each measurement period and used as the primary
data source for the analysis. An exploratory analysis would be conducted to identify the key
stand- and site-level factors that influence the amount and composition of ingrowth. Based on
previous analyses, key stand-level factors would likely include the total basal area, percent basal
area in a certain species, skewness of diameter at breast height, quadratic mean diameter, and
crown competition factor. Important site-level factors to be considered are elevation, soil site
index, depth to soil water table, growing degree days, soil water balance, aspect, and percent
slope. These factors would be quantitatively related to the amount and composition of ingrowth
at each measurement period.

Final equations would be identified and annualized using the approach outlined in Weiskittel et
al.(2007). The final parameter estimates would be obtained using nonlinear mixed effects
modeling and restricted maximum likelihood. For comparison, the approach of Shifley et al.
(1993) would be evaluated. This approach consists of using the crown competition factor to set a
biologically realistic upper limit on the number of ingrowth trees. The difference between the
maximum crown competition factor and the stand’s current crown competition factor determines
the amount of ingrowth. The form of the equation is:



Table 1. Counts of the number of ingrowth trees present within the current growth and yield
database for 15 species common to the forests of Maine.

Common Name Scientific Name Count of Ingrowth Trees
Balsam fir Abies balsamea 97,452
red maple Acer rubrum 18,980
red spruce Picea rubens 18,449
black spruce Picea mariana 15,597
paper birch Betula papyrifera 12,662
sugar maple Acer saccharum 7,061
white spruce Picea glauca 6,973
eastern hemlock Tsuga canadensis 5,728
yellow birch Betula alleghaniensis 4,906
American beech Fagus grandifolia 4,546
northern white-cedar Thuja occidentalis 3,770
eastern white pine Pinus strobus 2,996
quaking aspen Populus tremuloides 2,979
tamarack (native) Larix laricina 2,205
spruce spp. Picea 2,204
[1]  Ingrowth=R- CC i = CC o

CW? -100%*43,560‘1

Where Ingrowth is the amount of annual ingrowth (stems per acre per year), CCF . 1s the
estimated maximum crown competition factor that is dependent upon threshold diameter,
CCF_urrent 18 the current crown competition factor of the stand, CWr is the crown width of an
open grown tree with a DBH equal to the ingrowth threshold diameter, and R is a ratio bounded

between 0 and 1 that determines the maximum ingrowth trees to the actual. R could be a constant
or dependent on stand factors and forest type. Shifley et al. (1993) found it to be dependent on
forest type. One attractive alternative to using crown competition factor in Eqn [1] is to simply
use basal area (Vanclay, 1994). Both options would be explored in this analysis. Finally, a two-
stage approach will be evaluated for predicting the amount of ingrowth. At the first stage, the
probability of ingrowth occurring would be predicted from stand and site factors. Given the
probability of ingrowth occurring, an equation would then be used to predict the amount of
ingrowth. The size of the ingrowth would be estimated using a Weibull 3-parameter diameter
distribution. The shape and size parameters would be a function of several stand-level factors
like density and depth to water table.



To predict composition of the ingrowth, a set of equations would be developed that would relate
the proportion of ingrowth to the proportion of basal area of the different species in a given
stand. This is an approach similar to the one used by Vanclay (1989), who found that it worked
well despite its simplicity.

These equations would be incorporated into a simple software tool that would produce treelists
that can be incorporated into FVS.

ANTICIPATED BENEFITS TO THE CFRU:

This project addresses the need for better regional growth and yield models, which was recently
identified by the CFRU as a high priority item. The project complements the ongoing work also
funded by the CFRU to develop refined growth equations for the primary species in the region.
Specifically, the project addresses an important deficiency of FVS and the Ingrowth Tool of
Arseneault et al. (2008), while trying to identify the factors that influence the amount and
composition of ingrowth in the region.

SCHEDULE OF DELIVERABLES:

The primary deliverables of this analysis would be a regional database on ingrowth, equations to
predict ingrowth, and a software tool for using this information. This would be provided to
CFRU members in the form of technical reports, presentations, and a software package.

Date Deliverables
Dec 2010 Database: Compiled ingrowth data for the Northeast

Jun 2011 Report: Equations for predicting the occurrence of ingrowth in the Northeast
Jun 2011 Computer program: Alpha version of refined FVS ingrowth tool

Oct 2011 Report: Equations for predicting the composition of ingrowth in the Northeast
Oct 2011 Computer program: Beta version of refined FVS ingrowth tool

Dec 2011 Report: Predicting the composition and ingrowth in the Northeast

Jun 2012 Computer program: Final version of refined FVS ingrowth tool
COMMUNICATIONS PLAN:

The research results of this projected will be communicated to the CFRU with annual reports,

oral progress presentations, and a final project report. The data produced by the project will be
deposited in the CFRU databank according to the required specifications. Two peer-reviewed



journal articles will also be written based on the results of the project. Documentation and
workshops for using the developed computer simulation tool will also be given.
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