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ABSTRACT

Identification and estimation of quantitative chaeaistics of trees community are the initial
requirements of forest planning. By applying comnpoobability distributions, it is possible to
predict the stand status in diameter class digtabuThe aim of this study is providing the most
appropriate model foiree distribution in diameter classes in natural and uneven-aged forests.
To obtain this purpose, a control plot which has grown with minimal interference was selected.
At firgt, travel through the forest, a proper identification was obtained and considering that, this
parcel consists of three separable stands, in each parcel a plot of one hectare was measured to
study on selective sampling. One-hundred percent inventory was conducted in sample plots.
Inventory started in welts, from down a slope to up, and then after identification of spices, all the
trees having diameter more than 7.5 cm were measured for the diameter direast height and
were recorded in related forms. Data were analyzed, then the Normal, Lognormal, Exponential,
Gamma, and Weibull distributions were fitted to diameter at breast height data. The results of
Chi-square( ¥?) and Kolmogorov-Smirnov (k-s) tests showed that only Lognormal distribution

can determine the diameter distribution of trees, so it is appropriate.

Key words: Distribution diameter of trees, Probability distriton, Liresara.

INTRODUCTION

The prediction of the diameter distribution of arst is of great interest to forest managers, for
the evaluation of forest resources and schedulimg future silvicultural treatment [1].
Diameter distribution and the related statisticaldel can play an important role in some forest
science topics, including forestry and silvics,r Bxample in some growth modeling, it is
necessary to know the type of diameter distribufiamction and its parameters to identify the
appropriate model [2].
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Therefore, forest growth modeling has been annsitipart of forest management planning and
research for more than two centuries. The majaftynodels operate at the stand-level and
predict stand-level variables such as basal ardaminant height to provide information needed
to estimate harvesting costs, expected yield, Gizmesult, etc.

Diameter distributions can be used to indicate rethe density of smaller trees in a stand is
sufficient to replace the current population ofgkar trees and to help evaluate potential forest
sustainability [3].

Modeling the DBH distribution is usually a two-séagrocess: a probability density function
(pdf) is fitted to the actual diameter distributoat the first stage, and then the pdf parameters
are regressed against other, easily measured aioa known stand attributes (parameter
prediction method) [1].

A basic planning for natural resources requiredifgi@e and quantitative information, which
usually obtain by measuring the characteristicstafds [4].

Correct management of forests is based on haviograte information about status of standing
forest inventory and the types of spices. One f lsic information is the tree distribution in
diameter classes, which allows the tree markenterfere in stands more confidently to preserve
the stand structure [5].

Namiranian (1990), studied the tree distributiondiameter classes in Gorazbon district of
Kheyroudkenar forest. In this study, he used thBsta, Weibull and negative binomial
distributions. Results of Chi-Square and Kolmoge®mirnov tests showed that Weibull and
Beta distributions could determine diameter disttidn of trees [6].

Mataji et al., (2000) in a study about tree disttibn in diameter classes using probability
distributions in uneven-aged stand in Gorazborridistf Kheyroudkenar forest and they fitted
three Beta, Weibull and normal distributions. Reswlf tests showed that Weibull and Beta
distributions can determine diameter distributidrirees, but the normal distribution cannot. In
addition, the Beta distribution is more appropri&ie

Fallah et al., (2000) investigated the structurenafural beech stands in Gorazbon district
Kheyroudkenar forest of Noshahr. Models were testedsisted of regression, Beta distribution,
Weibull distribution, exponential model and poweodel. Among the tested models, first three
were proved acceptable, especially regression madelause of the minimum value of chi-
square £2) in the test was the best fitting and, thus suggkfor planning and conducting beech

stands in Kheyroudkenar forest [7].

Fallah et al., (2006) studied two Shastkalateh &adgdeh districts to obtain an appropriate
model for tree distribution in diameter classesatural Caspian beech. Using statistical Beta
and Weibull distributions, Mayer exponential, araiver models, the points were assessed and
their efficiency was evaluated by chi-square t€ke results of these methods showed that the
computed regression model was the best fitting,pthveer model in Shastkalateh and Sangdeh
districts and the Beta distribution in Shastkalatee fitted to that point cloud appropriately [8].
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Mohammad Alizade et al., (2009) investigated tke tiameter at breast height in uneven-aged
stands and fitting a statistical distribution toerin After preliminary analysis the three
exponential distributions, Gamma and Lognormal wesed for fitting to data. The results of
tests shows that the exponential distribution camietermine the diameter distribution of trees
and between two other distribution, Gamma distrdyuis more appropriate for this purpose [2].
Nanang (1998) in a study of neeAwddirachta indica) plantations in Ghana fitted the Normal,
Lognormal and Weibull distributions to diameter tdizutions data. Weibull distribution
parameters were assessed by three Maximum likelihdoment and Percentile methods.
Among these methods, the Maximum likelihood and Motrpredictions were close to estimates
were obtained by an empirical method. Results diidgorov-Smirnov test showed that in age-
group estimation, lognormal distribution is suialfor fitting. In mixed age group, Weibull
distribution with Moment method is appropriate, INwrmal distribution cannot describe the
data appropriately [9]. Nord- Larson and Cao (2006 a study to develop a diameter
distribution model for even-aged stands of Europbaech in Denmark using the Weibull
distribution. Parameters of the model were estichéig fitting the cumulative density function
using a non-linear least squares procedure. Trealahis study were gathered from permanent
sample plots. Care should be taken when the medgiglied to young stands (<40 years) [10].

Bullock.B.P & Boone.E.L (2008tudied diameter distributions of loblolly pine ége Pinus
taeda L.) in both Virginia and North California. They stediNormal, Gamma, Weibull and Beta
distributions for fitting data, and they found tlsametimes it happens that none of distributions
is appropriate for all ages, like their study, sathat situation the Bayesian Model, averaging
distribution, is appropriate [11].

MATERIALSAND METHODS

Forestry project of Liresara with the name of “esr6” has located in watershed No0.45 in north
forest of Iran. The area has located in longitutie33' 2" to 54° 29' 51" and latitude 36° 33' 29"

to 36° 37'20" and the minimum height above s@llin this series is about 70 m and the
maximum is about 632 m. Total area of this se8e2058 ha. Since there is no forest operation
in control plot, it was selected as an area wittaoyt interference. The parcel 12 of this series is
“Lubon” forest with the area of 64.5 ha.

After forest travel in control parcel (parcel 1#)ree sample plots were selected in size 100 x
100 m. It is worth to say that in selecting samutes in forest , the characteristics like uneven
age (trees in all diameter and height classes) wepertant and also status of standing forest
inventory and general conditions were considerdaktoptimal [8].

One-hundred percent inventory was conducted in Eapipts. Inventory started in welts, from
down a slope to up, and then after identificatibspices and their locations, all the trees having
diameter more than 7.5 cm were measured the dianatbreast height by Caliper to
a precision of millimeters and were recorded iated forms.

Data were analyzed by software SPSS and STATGRAPHD@scriptive statistics such
as mean, median, standard deviation and range ebangre calculated and histograms were
drawn.
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In this study, the exponential distribution (singlarameter), gamma (two parameters), log
normal (two parameters), and Weibull were usedtli@r diameter at breast height, and their
values were estimated.

For goodness of fit, the goodness of fit tests guaghhical methods were used. Among them, the
two chi-square and Kolmogorov - Smirnov tests ag/\common [2] so well in this study, the
above two tests were employed.

RESULTS

Descriptive Statistics
The results shows the diameter at breast heightwid#h mean 31.93, standard deviation 18.4 and
standard error 0.61, and it has been distributegdes the two values 7.5 and 120.

Diagram of distribution in diameter classes shduwet the stand is in uneven-aged and reducing
age classes. Considering the high range of diandtemses and the decrease in graph of
distribution in diameter classes, it can be saad the studied stand is an uneven-aged and erratic
stand.

Parameter Estimation
Estimated values of the parameters associatedWtibull, exponential, gamma, lognormal and
normal distributions are presented in Table 1.

All investigated distributions in this study arern continuous probability distributions. Normal

distribution is one of them, which is described ibyy mean vector and covariance matrix.
The mean value and standard deviation of diamétareast height in this region estimated 18.39
and 31.93 respectively (Fig. 1 A).

Lognormal distribution, a distribution that its nedl logarithm has the normal distribution with
parameters p andl and their values of diameter at breast heighhis region are 32.07 and
19.77 respectively (Fig. 1 B).

Gamma Distribution is another continuous probapfiistribution and has two scale parameters
0 and shape parameter k. The values of these paeiet diameter at breast height are 0.1049
and 3.35. (Fig 1 C)

Exponential distribution is a distribution with tharametek,; this parameter is the inverse mean
of distribution (Mathematical Expectation). Expoti@indistribution is a special type of gamma
distribution with shape parameter k = 1 and scalarpete®® = 1/, and its value in this study is
31.93, Which is, in fact, the average estimate {HD).

Weibull distribution is another continuous distiilmm with shape parameter k and scale
parameter, and their values for diameter at breast heighthia region are 1.86 and 36.16
respectively. (Fig. 1 E).
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Goodness of fit

For study the goodness of fit and choosing the lbstribution, two Chi-Square and
Kolmogorov-Smirnov tests were used. Results ostast presented in Table 2. They show that
only lognormal distribution can determine the disition of diameter at breast height data.

Based on the results of chi-square test of allibigfions, given that all values are less than one
percent, the null hypothesis, following these testsrejected with a probability of 99%.
According to Kolmogorov-Smirnov test, the null hypesis is rejected for normal, gamma,
exponential and Weibull distribution with a prodéiiof 99%, and only lognormal distribution
is accepted.

Point cloud via distribution of diameter classediue models of normal, log normal, gamma,
exponential and Weibull shows that lognormal disttion makes an appropriate fitting in
distribution points (Fig. 1 F)
Tablel-Parameters of the testsfor goodness of fit
Normal Lognormal Gamma Exponential Weibull

pu=31.9303 u=32.0738 shape = 3.35145 _ shape = 1.86266
s.d=18.3973 s.d = 19.7706 scale = 0104962 ~ ™Mean=31.9303 (1= 36.1634

Log scale: mean = 3.30701
Log scale: std. dev. = 0.5675
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Table2-Results of the tests for goodness of fit

Normal Logr;orma Gamma Exponential Weibull
Kolmogorov-Smirnov 3.53033 1.11594 1.66387 7.33182 2.09154
P value <0.01 0.169162 0.0082407 <0.01 0.000340625
Chi-Square 292.776 42.3202 45.5008 404.795 88.6922
P value <0.01 0'02;604 0.000205013 <0.01 <0.01
CONCLUSION

There is an unevenness of age in this stand stuSliade there were no interference in control
plot, The unevenness of age is made by nature.s@mation of tree distribution in diameter
classes can be used as a model to manage othés staimeven-aged high forests in this district

[8].

Using appropriate probability theories to prediees distribution in a forest stand is important in
estimation of productivity in different ages. Indatibn, it is useful in planning for thinning out i
forests and it would guarantee a productive ecoopomtimized biologic and stable stands.

In addition to histograms as a graphic tool, thanmaathematical tools used to study the
diameter distribution of trees are statisticatribsitions [2]. Results show that among studied
distributions, only lognormal distribution can daténe the diameter distribution of trees and the
result of goodness of fit test confirms it. Seain be used as a pattern in order to planning and
scheduling for stands in this region to establigble and resistant forests with maximum
biological production. According to this study aoither studies in this area, it can be concluded
that the probability distributions are applied stimate the diameter distribution, and statistical

methods are used to provide diameter distributioders.
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Namiranian Studies (1990), Mataji et al., (200Q)Giorazbon district of Kheyroudkenar forest in
Noshahr show that the Weibull and Beta distribigi@ne appropriate to fit diameter at breast
height data in this area [5 & 6].

Mohammadalizadeh et al, (2009) in Gorazbon disstadied Gamma distribution with other
distributions and concluded that the gamma distiginuin compare with the rest distributions
has more ability to determine the diameter at hiregight distribution [2].

In another study, Fallah et al (2006) investigatieel beech stands in the same district. They
concluded that regression distribution can deteentire diameter distribution of trees [8]. Fallah
et al (2006), did this study in other regions dmel esults were different [8].

Study on diameter structures of uneven-aged stasidg statistical methods in Iran is just in the
beginning. So according to few studies in Iranfedé@nt results and different habitat conditions,
cannot be properly compared. Since the results anathon are closer and there is more
complete and accurate data as more studies iargs it can be concluded that these differences
could be due to different structures of stands laadoitat conditions. Therefore, it is worthy to
study the performance of different diameter disttidn models in other areas, and further study
is needed to attain the desired results.

Comparing the results of this study with other does studies is not eligible, because the most
studies have done on needle-shaped leaves andagedrstands. But totally it can be concluded
from these studies that the statistical distrimgiccan describe and determine the diameter
distribution and all of these studies have donerneven-aged stands with the decrease in the
graph. It seems that finding an appropriate mofleineven-aged structure in a forest differs in
regards to conditions and habitat features offthraist, and selected statistical distribution can b
used only for that studied area.

Diameter at breast height is one of the most ingobdrand most applied bioassay variables in
forest trees, so it should be studied. Frequemstyilstion or Diameter distribution is a new
subject, and a few studies have done in Iran. $hudy not only is applied in determining the
diameter structure of stand or forest, but it i®dusn growth modeling. Further and more
comprehensive study in this area is recommendede Mtudies are needed to achieve more
applied results.
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