Senyurt and Ercanli -Itentica.docx

By MUAMMER SENYURT



Use of Probability Density Functions to Predict Diameter Distribitions in Forestry
Muammer SENYURT*'", ilker ERCANLF

! Forest Faculty, Forest Engineering Department, Canlart Karatekin University, Cankir, TURKIYE

Abstract

This study discusses the role of diameter distribution models in providing more detailed insights into
forest stand structures, essential for sustainable forest management and product determination.
Traditional yield tables used in forestry provide stand-level predictions for growth and yield but lack
specificity at finer scales like diameter classes. The paper highlights that, especially in Turkey,
inventory studies for forest planning do not produce data detailed enough to fully support sustainable
forestry practices. Diameter distribution models, using probability density functions, allow for the
estimation of stand components, such as tree count, basal area, and volume, by diameter classes.

By integrating stand models with diameter distribution models, it becomes possible to derive more
granular predictions that can benefit forestry applications, including forest management and
silviculture. These models enable enhanced accuracy in predicting stand structure variations, which in
turn supports planning for a broader array of forest products. The study emphasizes that the
implementation of diameter distribution models can help mitigate current limitations in sustainable
forestry efforts by enabling data from inventory studies to be analyzed at the diameter step level. As a
result, this modeling approach offers a valuable foundation for forest management activities, aligning
forestry practices with sustainability goals.
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1. Introduction

The forest is a life community formed by a combination of forest soil and an array of vegetation, including trees,
shrubs, herbaceous plants, mosses, ferns. and fungi of specific heights. structures, and densities. which
collectively establish a unique climate over a broad area. This ecosystem is further enriched by microorganisms
living both above and below the soil, as well as various insects and animals (Aytug, 1976). Forests serve as
habitats not only for humankind but for all terrestrial living beings. In this regard, making optimal use of the
services and values forests provide, while ensuring the integrity of the ecosystem and the sustainability of these
areas, is achievable through their planned management. The consistency of such plans and the selection of an
effective and systematic management approach depend on the quantification of the products and services
offered by forests, as well as the modeling of the data obtained.

Information about the increment and growth potential of forests, as well as stand structures. and the
relationships between stand structures and site productivity, age, density, and species composition, is crucial for
forest planning. Stand structures are defined by the distribution of trees within diameter classes in a stand, and
the current and future diameter distributions provide a critical knowledge base, especially for forest
management practices. Determining the variety of products that can be derived from forests depends on
estimating the diameter distributions of stands, and this information is essential for effective forest planning -.

Vanclay, as well as Gadow and Hui, defined models in the context of forestry science as systems of equations
that estimate the growth and yield values of stands under various conditions. Burkhart and Garcia further
described the applications of these estimates in forestry, including the evaluation of silvicultural treatment
options, updating inventory data, and determining the timber yield obtainable from stands.

In the development process of models, which have a history of over 200 years in forestry, there are two primary
types: empirical growth models and process-based (ecologically-based) growth models (Porté & Bartelink,
2002). Empirical growth models predict growth and yield elements for individual trees or stands using statistical
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functions (allometric relationships) that incorporate various trediind stand variables. Based on the unit used in
modeling, empirical models are categorized into three types: Whole-Stand Models, Size-Class Models, and
Individual-Tree Models.

aameter distribution models, which are part of size-class modelaare widely used in forestry at the stand level.
Compared to the other two model classes (whole-stand and individual-tree models), diameter distribution
models offer several advantages: they provide insights into stand structure, include information at the diameter
class level, and offer data that can be readily obtained from general forestry inventories. These models also
provide information on the variety of products that can be derived from a stand. making them valuable for
detailed stand-level information in forestry.

The need for predictions at the diameter class or diameter step level, rather than just at the stand level, has
driven exkBnsive research on diameter distribution models. Early studies include Gram’s work in 1883, which
modeled the diameter distribution of beech ands using a Normal distribution, and De Liocourt’s 1898 study,
which applied an Exponential distribution to the diameter distributions of uneven-aged stands. However, interest
in modeling diameter distributions intg.ified particularly in the 1960s, when probability density functions
(pdfs), a key concept in statistics, began to be applied for modeling diameter distributions in forestry.

This study provides information on probability density functions used in diameter distribution modeling, a
significant area in forestry. Additionally, it briefly outlines the evaluation processes used to assess the
effectiveness of these functions in modeling diameter distributions.

2. Probability Density Functions

Probability density functions are statistical functions that estimate the frequency value corresponding to a
specific observed diameter as a ratio of the total number of individuals in the population from which the data
were measured, yielding estimates between 0 and 1. Various researchers have developed different methods for
modeling diameter distributions. For instance, the Johnson SB function was introduced by Johnson, the Weibull
function by Weibull, the Gamma function by Nelson, the Log-normal function by Bliss ancﬂeineker, and the
Beta function by Clutter and Bennet. Numerous studies have since used these functions to model diameter

distributions. .

4
In forestry, various probability ﬂ]sity functions are used to model the distribution of trees within diameter
classes in a stand, including the Normal, Lognormal, Gammﬂ?)eta, Johnson’s SB, and Weibull distributions.
However, recent studies have highlighted the prominence of the 3-parameter Weibull distribution and 4-
parameters Johnson SP. These probability density functions, with its flexible 3 and 4 parameters structure, have

proven particularly effective in modeling diverse diameter distributions.
In addition to the traditional and widely recognized probability density functions (PDFs) such as the Gamma,
Beta, Weibull, and Johnson’s SB functions, statistical science has introduced other distribution functions,
including the Laplace, Rayleigh, Nakagami, Lévy, Rice, and Kumaraswamy distributions. The Rice
distribution, applicable to positive real numbers,%c]ose]y related to several well-known distributions such as
Chi-Square, Normal, Log-Normal, and Rayleigh. The Rayleigh distribution is a specific case of the 2-parameter
Weibull distribution, named after the English physicist Lord Rayleigh. Emerging in 1960, the Nakagami
distribution is relatively recent and is widely applied to model right-skewed, positive data se@) The Lévy
distribution is notable for its continuous, stable properties for non-negative rando riables. The Laplace
distribution, one of the oldest known distributions, is unimodal and symmetric with a s@firper peak than the
Normal distribution. Lastly, Kumaraswamy's distribution shares many properties with the Beta distribution but
offers advantages in tractability and applicability to a range of natural phenomena, as it is a versatile PDF for
double-bounded random processes. The structural models of the probability density functions mentioned are
presented in Table 1.

Table 1. Various PDFs for modelling diameter distributions




In forestry, various methods are used to estimate the parameters of the probality density functions (given in
Table 1), which is widely applied in modeling diameter distrib@ions. These methods include: (i) Nonlinear
Regression Analysis, (ii) Maximum Likelihood Estimation, (iii) Moment-Based Parameter Recovery, and (iv)
Percentile-Based Parameter Recovery. In this study, percentile-based equations, which provide a simple,
practical, and effective approach, and the maximum likelihood method were employed for modeling diameter
distributions. The most used method, Maximum Likelihood Estimation (MLE), is based on the similarity
between diameter classes obtained from measured diameter values in the field and those estimated by the
model. Estimating the parameters of probability density functions through MLE requires numerical solution
techniques involving various iterations. To apply MLE and estimate parameters, the likelihood function must
be maximized. Statistical software such as SPSS, SAS, and R are commonly used for this purpose.

3. Conclusion 1
Diameter distribution models are essential for obtaining more detailed predictions about stand structures and
determining the variety of products that can be derived from forests. In our country, yield tables based on
normal and density-dependent estimates are currently used for predicting growth and yield, although these
tables provide estimations for the stand as a whole. However, the need for more detailed predictions regarding
stand structures is becoming increasingly apparent, especially in forest management and various f@gstry
activities. Probability density functions and density-dependent yield tables allow for the estimation of the
distribution of stand components—such as tree count, basal area, and volume—across diameter classes. By
integrating stand and diameter distribution models, more detailed predictions can thus be obtained. Once the
distribution of tree counts by diameter classes is achieved, the distributions of basal area and volume can also
be derived using the tree count distributions. Diameter distribution models enable more detailed estimations of
stand components, initially obtained for the entire stand, to be achieved at the level of diameter classes. These
predictions, obtained with greater detail at the diameter class scale, form a valuable basis for various forestry
applications, especially for forest management and silviculture.
Diameter distribution models enable predictions (such as stand volume, basal area, and tree count) provided by
stand models and yield tables, typically at the whole-stand level, to be obtained in greater detail at the diameter
class and step levels. This approach facilitates more precise predictions about stand structures and allows for a
re accurate determination of the types of products that can be obtained from forests. In our country, Normal
Yield Tables and Density-Dependent Yield Tables are used to predict growth and yield, providing estimations
for the stand as a whole. However, the need for more detailed stand structure predictions is increasingly felt,
especially in forest management and other forestry activities. The lack of detailed data obtained from inventory
studies conducted for planning purposes in our country presents constraints on sustainable forestry practices.
By enabling data obtained from inventory studies to be estimated at the diameter step level, diameter
distribution models help alleviate some of these limitations in sustainable forestry efforts.
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