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Abstract 

Diameter distribution model was developed for tropical rainforest of Oban Forest Reserve. 

Multistage sampling technique was adopted for the study. The sampling procedure was made 

up of primary, secondary and tertiary sampling units. A total of 808 trees were measured in 14 

tertiary sample plots (40m x 50m). Tree outside bark diameter at breast height (dbh) data, 

were measured for tree species with dbh ≥ 10 cm within the tertiary sampling units. Data 

were analysed on several probability density function (pdf), then ranked based on 

Kolmogorov smirnov, Anderson darling and Chi-Square. The best six distributions (Beta, 

Burr 4P, Gamma 3P, Johnson SB, Lognormal and Weibull 3P) were further tested with 

Kolmogorov smirnov (D) and Chi-Square (
2 ) for fitting the diameter data. The results 

indicated that there are more trees in the lower diameter class than the upper diameter class. 

Weibull 3P and Johnson SB distribution were adjudged more flexible when tested with 
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Kolmogorov smirnov and Chi-Square respectively. The reason is because their calculated 

values (Weibull 3P = 0.02397 and Johnson SB = 3.8161) were the lowest values and less than 

the tabulated values (D = 0.05 and ( 2 ) df9 = 16.919 respectively) at p ≥ 0.05. This implies 

the data followed the specified distribution and that Weibull 3P and Johnson SB can 

appropriately provide a better fit for the diameter data in Oban Forest Reserve.  

Keywords: Oban Forest Reserve, Diameter at breast height, pdf, Diameter distribution model  
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1. Introduction 

The tropical rainforest is diverse ecosystem with pronounced heterogeneity in species 

composition and structure. Understanding and predicting the dynamics of mixed tropical 

forests is difficult because, principally, of their high species diversity (Gourlet-Fleury et al, 

2005).  Forest managers, forest scientists and forest policy makers all rely on accumulated 

knowledge of the forest in order to make decisions. This knowledge may be based on their 

own experience or that of others, but will have originated from information collected from 

the forest (Phillips et al, 2002). A quantitative understanding of the forest requires 

quantitative data to support it, and suitable analysis to summarise the raw data to a 

meaningful form. The knowledge of diameter distributions is highly useful to describing and 

analysing the structure of forest stands. It also serves the purpose of estimating age 

distribution, assessing stand stability and calculating the number of trees in each diameter 

class with a view to planning silvicultural treatments (Carretero and Alvarez, 2013). Diameter 

distributions can be used to indicate whether the density of smaller trees in a stand is 

sufficient to replace the current population of larger trees and to help evaluate potential forest 

sustainability. 

A wide range of probability density functions have been used in forestry to model tree 

diameter distributions (e.g., log-normal: Bliss and Reinker 1964; gamma: Nelson 1964; 

Weibull: Bailey and Dell 1973; Rennolls et al., 1985; beta: Zohrer 1972; Li et al., 2002), 

although the three-parameter Weibull and the four-parameter beta and SB models are possibly 

the most frequently used. Mohammad Alizade et al., (2009) investigated the tree diameter at 

breast height in uneven-aged stands and fitting a statistical distribution to them. After 

preliminary analysis the three exponential distributions, Gamma and Lognormal were used 

for fitting to data. The results of tests shows that the exponential distribution cannot 

determine the diameter distribution of trees and between two other distribution, Gamma 

distribution is more appropriate for this purpose (MohammadAlizade et al, 2009). 

Namiranian (1990), studied the tree distribution in diameter classes in Gorazbon district of 

Kheyroudkenar forest. In this study, he used three Beta, Weibull and negative binomial 

distributions. Results of Chi-Square and Kolmogorov-Smirnov tests showed that Weibull and 

Beta distributions could determine diameter distribution of trees (Namiranian, 1990). 

Several authors have argued in favour of different probability density functions as the best in 

fitting diameter of trees.  However, the current situation is that there is no clear resolution as 

to which model is the most suitable for tree distributional modelling (Wang and Rennolls, 

2005). There is of course no theoretical reason why there should exist a best model for all 

situations. It might be that in one case a particular distribution will be found empirically to 

give the best fit, whilst in another case another model will be found to be empirically best. 

The only way in which it is meaningful to talk about the best distributional model is in terms 

of the most flexible of models in representational terms. Hence, the reason for this research is 

to compare a wide range of distributional models in terms of flexibility and ability on which 

best fit diameter of trees in Oban Forest Reserve. 
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2. Methodology 

Oban Forest Reserve lies within longitude 8°20′ E and 8°55′ E and latitudes 5°00′ N and 

6°00′ N. Presently, it cover an area of 742.55km
2
 (figure 1). 

 

Figure 1. Map of Oban Forest Reserve 

The terrain is rugged and elevation rises from the river valleys to over 1,000 m in 

mountainous areas (Jimoh et al., 2012). Most of the area is characterized by hilly terrain 

ranging from 100 to over 1,000m. The dominant rock types are ancient metamorphic rocks of 

the Basement Complex which covers 50% of Nigeria. The metamorphic rocks are mainly 

gneisses (biotite-hornblende, granite and migmatitic gneiss and to a lesser extent amphibolite 

(schist) (Holland et al, 1989; Schmitt, 1996). Less sandy soils are found in areas with igneous 

rocks and deeper soils prevail in the plains of the southern part of the park whilst on steeper 

slopes they are increasingly stony, shallow and erodible (Holland et al, 1989). 

Temperatures are generally high (average around 27ºC) and vary little throughout the year 

with the annual range of the monthly average temperature varying only between 3º and 3.5º C. 

Mean monthly relative humidity varies between 78% and 91% with an average of 85%. 

Annual rainfall is generally between 2,500mm- 3,000mm. At times, it can be up to 4,000mm. 

(Holland et al, 1989; Schmitt, 1996).  
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2.1 Data Collection 

Multistage sampling technique was used to establish primary (1000 m x 1000 m), secondary 

(1000 m x 50 m) and tertiary (40 m x 50 m) sample plots. Fourteen tertiary sample plots were 

randomly chosen within the secondary plots and all trees above 10 cm diameter were 

considered for measurement within the tertiary plots (0.20 ha). Tree growth data collected on 

trees with dbh ≥ 10 cm in all tertiary sample plots include diameter at breast height (dbh). 

Data were analysed by software SPSS 17.0
®
 and EASY FIT 5.5

®
. Descriptive statistics such 

as mean, median, standard deviation and range changes were calculated and histograms were 

drawn. 

2.2 Data Analysis  

Fitting of diameter Distribution Model 

In this study, various distribution methods were tried using Kolmogorov Smirnov, Anderson 

Darling and Chi- Squared goodness of fit to rank them accordingly. Relatively, six best 

ranked distributions were chosen to fit the diameter distribution model. In other words, the 

distribution used for fitting the diameter at breast height data were Johnson SB, Gamma (3P), 

Beta, Burr (4P). Weibull (3P) and lognormal (3P). 

Estimating Parameters for Diameter Distribution Models 

Parameters for diameter distribution model were estimated using easy fit 5.5
®
 software. The 

probability density function (pdf), cumulative distribution function, survival function, hazard 

function and cumulative hazard function were all equally analysed by easy fit 5.5
®
 software. 

The statistical distribution models considered are represented below: 

Beta Distribution 

This distribution is a continuous distribution and its pdf formula is as follows:  

F(x) =   ------------------------------------------------ (1) 

                                                                                   

a ≤ x ≤ b, p > 0, q > 0 

Johnson’s SB  

The SB distribution is obtained by the following four-parameter logistic transformation of a 

standard normal variate, z. The SB pdf is given as: 

F(x) = F(z) ( )
-1

 = x   ------------------------ (2)  

Where z is given as: 
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z =    ---------------------------------------------------------------------- (3) 

 and  

Weibull Distribution 

Weibull distribution was also presented as an cumulative frequency in which a is the starting 

point and b presents the curve's concavity degree, and c is the curve's factor form or shape 

index and its mathematical process is as follows: 

F(x) = 1-  ---------------------------------------------------------------------- (4) 

                                                                            

a  

Burr Distribution  

The four-parameter Burr XII (Burr 1942, 1968, 1973; Burr and Cislak 1968; Rodriguez 1977) 

distribution does not seem to have been previously evaluated for forest modelling but is 

adopted for this study because of the simple form of its Cumulative Distribution Function. 

F(x) = 1-   ---------------------------------------------------------------------- (5)  
 

                                                                                       

a  

Lognormal Distribution 

This is a continuous distribution and its natural logarithm has a normal distribution.  

F(x) =  exp     ------------------------------------------- (6) 

                                                                                                         

 

Gamma Distribution 

This distribution is a continuous distribution and it has a good flexibility and its frequency 

curve in all modes has a lean towards right. 
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F(x) =  exp   ------------------------------------------------------------------ (7)                                 

                                                                               

            

3. Results and Discussion 

Diameter Distribution Model  

The summary of the descriptive statistics and goodness of fit of diameter distribution 

functions for Oban Forest Reserve are presented on Tables 1 and 2. The value of the 

skewness is 1.584 while that of excess kurtosis (leptokurtic curve) is 3.402 (Table 1). High 

positive skewness and peakedness means that considerable numbers of trees are concentrated 

in the lower diameter classes (Gadow, 1983).  The goodness of fit of the distributions were 

tested with Kolmogorov smirnov, Anderson Darling and Chi–Square as shown in Table 2. 

Based on ranking, six distributions were selected. The six distributions were further tested 

with Kolmogorov smirnov and Chi–Square. The Kolmogorov smirnov test indicate that the 

six distributions can provide good fits for the diameter data, because their calculated D-values 

(Beta: 0.02609: Burr 4P: 0.02402; Gamma 3P: 0.03147; Johnson SB; 0.02888: Lognormal: 

0.049 and Weibull 3P: 0.02397) were less than their tabulated D-value (0.05). This implies 

the null hypotheses were accepted for all the distributions, meaning the data followed the 

specified distribution. However, Weibull 3P distribution was more flexible in fitting the 

diameter data when tested with Kolmogorov smirnov because it has the lowest calculated 

D-values. Weibull distribution was adjudged more flexible in a research carried out in 

Gorazbon district of Kheyroudkenar forest by Namiranian (1990) and Mataji et al., (2000). 

Both scientists, using Kolmogorov-Smirnov tests showed that Weibull distributions could 

determine diameter distribution of trees. Some researchers suggest that Wiebull distribution 

had greater capability to define tree’s diameter distribution (Mataji et al., 1999) and also, 

during study on diameter data for pinus teada, defines Weibull probability distribution as a 

suitable model (Cao, 2004). Several authors (Okojie, 1981; Cao et al, 1982; Adegbehin, 1985; 

Akindele and Abayomi, 1983; Abayomi, 1983; and Akindele, 2002) have demonstrated the 

use of Weibull probability distribution functions for predicting diameter distribution in even – 

aged stand. Clutter et al., (1983) described Weibull function as the most popular frequency 

distribution model.  

The use of Chi–Square test indicate that five of the distributions can only fit the diameter data 

in Oban Forest Reserve because the tabulated Chi–Square (
2 df9 = 16.919) at 95% 

probability level is greater than the calculated values of (Beta = 5.2958; Burr 4P = 4.7544; 

Gamma 3P = 4.9378; Johnson SB = 3.8161 and Weibull 3P = 4.7612). This implies the null 

hypotheses were accepted for the five distributions, meaning the data followed the specified 

distribution. However, the Johnson SB distribution for Chi–Square test was more flexible in 

fitting the diameter data because it has the lowest calculated value. This is in agreement with 
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Wang and Rennoll (2005) and Zhang et al., (2003) that stated Johnson’s SB models are 

possibly the most frequently used. Hafley and Schreuder (1977) compared the beta, Johnson’s 

SB, Weibull, log-normal, gamma, and normal distributions in terms of their coverage. They 

concluded that Johnson’s SB gave the best performance in terms of the quality of fitting a 

variety of sample distributions (tree diameter and height data). Subsequently, Johnson’s SB 

and its bivariate version have been much used and compared with other common 

distributional models (Hafley and Buford 1985; Knoebel and Burkhart 1991; Zhou and 

McTague 1996; Kamziah et al. 1999; Tewari and Gadow 1997, 1999; Scolforo et al. 2003). 

Table 1. Summary of Descriptive Statistics for dbh Class in Oban Forest Reserve 

Statistic Value Percentile Value/cm 

Sample Size 808 Min 10.00 

Range 1.24 5% 12.15 

Mean 0.3372 10% 14.19 

Variance 0.03929 25% 19.63 

Std. Deviation 0.19823 50% 28.85 

Coef. of Variation 0.58786 75% 41.60 

Std. Error 0.00697 90% 60.40 

Skewness 1.584 95% 78.92 

Excess Kurtosis 3.4017 Max 138.00 

            

Table 2. Summary of Goodness of Fit of Distribution Functions for Oban Forest Reserve 

                   Reserve 

s/n Distribution  

Kolmogorov 

Smirnov 

Anderson 

Darling  

Chi-Squared 

    
 

Statistic Rank Statistic Rank Statistic Rank 

1 Beta  0.02609 3 0.53809 3 5.2958 5 

2 Burr (4P)  0.02402 2 0.46898 1 4.7544 2 

3 Gamma (3P)  0.03147 5 0.54477 4 4.9378 4 

4 Johnson SB  0.02888 4 0.56359 5 3.8161 1 

5 Lognormal  0.049 6 1.7688 6 21.757 6 

6 Weibull (3P)  0.02397 1 0.49675 2 4.7612 3 

 

Table 3 shows the parameter values of the six distribution functions while Figure 2 shows 

that the distribution pattern of the dbh (m) of trees in Oban forest reserve is positively skewed. 

unsaved://ThtmlViewer.htm/orderBy=Name|Ranks%20the%20table.
unsaved://ThtmlViewer.htm/orderBy=KS|Ranks%20the%20table.
unsaved://ThtmlViewer.htm/orderBy=KS|Ranks%20the%20table.
unsaved://ThtmlViewer.htm/orderBy=AD|Ranks%20the%20table.
unsaved://ThtmlViewer.htm/orderBy=AD|Ranks%20the%20table.
unsaved://ThtmlViewer.htm/orderBy=CS|Ranks%20the%20table.
unsaved://ThtmlViewer.htm/#detailsId=1|Shows the details.
unsaved://ThtmlViewer.htm/#detailsId=3|Shows the details.
unsaved://ThtmlViewer.htm/#detailsId=18|Shows the details.
unsaved://ThtmlViewer.htm/#detailsId=28|Shows the details.
unsaved://ThtmlViewer.htm/#detailsId=37|Shows the details.
unsaved://ThtmlViewer.htm/#detailsId=56|Shows the details.
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This pattern shows that there are more trees in lower dbh class that is sufficient enough to 

replace trees in the upper dbh class in the future (i.e. when the big trees are harvested or when 

they die). This is consistent with previous reports for two other tropical rainforests (Boubli et 

al., 2004; Bobo et al., 2006). Adekunle (2002) also reported positive skewness distribution 

pattern for Ala and Omo Forest Reserves in Nigeria. The implication of this is that the forests 

are still undergoing regeneration and recruitment, which are vital indicators of forest health 

and vigour (Jimoh et al. (2011). 

The graphs of observed and estimated probability functions of dbh class of the distribution 

functions show that there is no significant difference (p > 0.05) between the empirical and 

theoretical cumulative functions (Figures 3a – f). This means there is no difference between 

the observed and predicted diameter frequencies.  

Table 3. Distribution Parameter Estimates for Oban Forest Reserve 

s/n Distribution Parameters 

1 Beta 
1=1.2866        2=19.771 

     a=0.09903        b=3.9967 

2 Burr (4P) 
     k=69.743          =1.2182 

=8.1826          =0.09935 

3 Gamma (3P) =1.3808          =0.17301       =0.09832 

4 Johnson SB 
=2.6722           =1.2292 

=2.2355          =0.0569 

5 Lognormal =0.54327        =-1.2375 

6 Weibull (3P) =1.2062          =0.25299       =0.09942 
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Figure 2. Dbh Distribution Pattern of Oban Forest Reserve 
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Figure 3. (a) Weibull (3P); (b) Burr (4P); (c) Beta; (d) SB; (e) Gamma (3P) and (f) 

Lognormal graphs of observed and estimated probability function of dbh class for Oban 

Forest Reserve 

(a) (b) (c) 

(d) (e) (f) 
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Table 4 shows the distribution’s account results of 808 trees in the observed diameter class 

and their evaluation with Weibull probability distribution at 13 cm dbh class interval. The 

result of the predicted dbh frequencies (Table 4) shows that there are more trees in the lower 

dbh class than in the upper dbh class. The t – test carried out for the observed and predicted 

dbh frequencies indicates that the t – statistic of 0.1272 is less than the critical level of 2.2623, 

meaning, there is no significant difference (p > 0.05) between the observed and predicted dbh 

frequencies and the correlation between the observed and predicted dbh frequencies was R= 

0.996. Similar results were reported by Fallahchai and Hashemi (2011), in North of Iran 

forest and Ige et al., (2013), in Onigambari Forest Reserve, Nigeria.   

Table 4. Dbh frequency distribution in the observed diameter class and evaluation with 

Weibull distribution in Oban Forest Reserve   

Dbh class Observed 
frequencies 

Predicted 
frequencies 

10 – 22 291 299 
23 – 34 210 226 
35 – 47 129 141 
48 – 60 81 71 
61 – 73 48 32 
74 – 86 23 19 
87 – 99 7 15 

100 – 112 3 7 
113 – 125 13 4 
126 – 138 3 3 

4. Conclusion 

The diameter distribution model was successfully estimated using the graph of probability 

density function that confirmed the expected frequencies in each dbh class. Using appropriate 

probability theories to predict trees distribution in tropical rainforest is important in 

estimation of productivity in different dbh class. In this study, probability distributions were 

applied to estimate the diameter distribution, and statistical methods were used to provide 

diameter distribution models. Weibull (3P) and Johnson SB distributions were more flexible 

in fitting the diameter data in Oban Forest Reserve when tested with Kolmogorov smirnov 

and Chi Square respectively. It shows that there is no clear resolution as to which model is the 

most suitable for tree distributional modelling. In one case a particular distribution will be 

found empirical to give the best fit, whilst in another case another model will be found to be 

empirically best. The only way in which it is meaningful to talk about the best distributional 

model is in terms of the most flexible of models in representational terms.  

Diameter distribution model reveal structure of stand or forest and its development is 

recommended for application in scheduling silvicultural treatment in Oban Forest Reserves. 

Further and more comprehensive study in this area is recommended. More studies are needed to 

achieve more applied results. 
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