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Abstract                                                                                             
Effective management planning tools for forest require growth and yield functions that can produce detailed predictions of stand 
development. The Gamma distribution function (GDF), which is one of growth function is evolving, but there is dearth of information on 
its use on forest management in Nigeria. This Study aimed at developing an automated system for GDF using Java programming language 
to predict the volume of Tectona grandis in Akinyele local Government Area, Oyo state.  The Java programming language is portable, 
object-oriented, efficient, simple, network-savvy, robust, has general application and rich application programming interfaces. Thirty-one 
temporary sample plots of 20m×20m (0.04ha) each was laid in four plantations of Tectona grandis aged between 11 and 59 years. 
Complete enumerations of trees in the selected plots (n = 433) was done. The growth data sets collected include Diameter at: Breast Height 
(DBH), base, middle and top (cm), total and merchantable heights (m). Volume was computed from measured variables. Parameters α and 
β representing shape and scale, respectively, for GDF were estimated from growth data. The observed and predicted volume for plantation 

3 3 3 3year 2000 ranged from 2.04-2.68m  and 2.04-2.67m , year 1998 ranged from 1.68-3.50m  and 1.75 to 3.71m , year 1989 ranged from 2.41-
3 3 3 33.07m  and 2.32-3.08m , while year 1952 ranged from 6.27-10.54m  and 6.36-12.03m . The predictive ability of GDF on volume for teak 

plantation from the automated system developed performed well and could therefore be used for estimating the future yield of teak for 
efficient forest management and planning.
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Introduction
Decision-making processes in forest management depend on 
reliable estimates of stand growth and yield models (Vanclay, 
2003). Growth and yield studies as well as projection models 
are among the important elements in forest management for 
continuing timber production (Yong, 1997).  Growth and yield 
of stands serve as models of the forest structure, which play a 
vital role in sustainable forest management (Burnham, 2002; 
Lu et al., 2003). Simulation allows much more flexibility in 
modeling. Any phenomenon that can be represented by 
mathematic relationships of any form is tractable by Simulation 
(Joseph and Keith, 1987). Different forest simulators for 
modelling to mention but a few include: MYRLIN, PTAEDA2, 
JABOWA, SYMFOR, GEMFORM, PROGNOSIS, STELLA 
and these models are vitally important for forest management 
planning. Forecasting the growth and yield of individual stand 
is a prerequisite for planning the management of forest at any 
level. Therefore, managers need to have an appreciation for the 
various modeling techniques and their limitations.
 
Pretzsch et al; (2008) gave an overview of models used in forest 
ecosystem management. Gamma distribution function has 
become very popular because of its ability to fit various 
empirical distributions (Maltamo et al., 2000; Lie et al., 2002). 
The gamma distribution function has three different types 
namely, 1-, 2- and 3- parameter gamma distributions. The 
number of variables determine the type of gamma distribution 
function and that was informed the choice in this study. The 
automation of growth and yield prediction will make prediction 
faster and more efficient and other programs cannot run quickly 
on any machine but Java programs run quickly and efficiently 
on any machine and on any operating system platform without 

modification. This is not the case for most other general purpose 
++programming languages, such as C .  

One exotic species of prominent quality showing great potentials 
for good performance under plantation system is Tectona 
grandis. It is easily worked upon and has natural oil that makes it 
suitable for use in exposed locations, where it is durable even 
when not treated with oil or varnish. It has a rare combination of 
superior physical and mechanical properties. And has gained 
recognition from centuries because of its many valuable quality, 
all these qualities as well as its availability informed the choice in 
this study.

Methods of Data Collection
The data presented in this study were collected in Akinyele 
Local Government Area, Oyo State, Nigeria. It is located 

o  0 approximately 7 31”′ N and3 54” E. Thirty-one temporary 
sample plots of 20m × 20m (0.04ha) each was laid in four 
plantations of Tectona grandis aged between 11 and 59 years. 
Complete enumeration of trees in the selected plots (n = 433) 
was done. The growth datasets collected include Diameter at: 
the Breast Height (DBH) which was measured at 1.3m above 
ground using diameter girth tape, base, middle and top (cm), 
total and merchantable heights (m) using Spiegel relaskop and 
50m distant tape. The observed values were values obtained 
from the field while the predicted values were obtained from 
the Java program written.

Data Analyses
The Basal area of the stand is estimated with: 
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V = h/6 (Ab + 4Am + At)….................  Equation 2

 (Source: Stacy, 1962) ---------     Equation 3 

1. Enter Beta, Alpha, n to the Java program 

2. Initialize θ = 4.5 

Get the formula for a,b 

 

b = alpha – ln(4) 

3. Set the formula for q,d  

q = alpha + (1/a) 

d = 1+ln (θ) 

4. Determine the number of iteration: if I < n 

perform: Bq,BS to the end of the condition 

The volume was computed from measured variables using the 
Newton formula. The Newton's formula used for stand volume 
estimation:  

Parameters α and β, representing shape and scale respectively, 
for Gamma Distribution Function were estimated from the 
growth data using maximum likelihood method to obtain 
parameters for inferential purpose and values obtained  were 
fitted into the Java program written based on the algorithm of 
the distribution function for yield prediction. The gamma 
distribution function used is of the two types because two 
variables were involved. The Java program was written based 
on the algorithm of gamma distribution function for prediction 
purpose. The gamma distribution function used in writing the 
algorithm is expressed as

: 
Where: 
α = alpha parameter, β = scale parameter, x = diameter at breast 

height and r = gamma function.
Figure 1 is the flow chart that show the procedure involved in 
writing the Java program and it is summarized as stated below: 
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5.       If ( w + d) – (θZ) ≥ 0
         Perform Pm
6       Else
         Perform m
7.       n = n+1, continuously add value to the n till it meets the number of iteration.
8.       g (i): Display the result
9       End of application

Results and Discussion
Maximum likelihood was used to estimate the values for α and β. 
The results are summarized in table 1. Tectona grandis 
distribution estimates of α and β for volume calculated by 
maximum likelihood method; for plantation year 2000, α and β 
coefficients varies. When α assumed a smaller value, β assumed 
a greater value and vice versa. α assumed values from (0.27 to 

3.57) and β assumed values from (0.68 to 9.61) with standard 
error which ranged from 11.76 to 53.60. For plantation year 
1998, α assumed values from (0.22 to 2.26) and β assumed 
values from (1.03 to 6.82) with a standard error which ranged 
from 14.57 to 197.46. For plantation year 1989; α coefficients 
assumed values from (0.24 to 11.31) and β assumed values from 
(0.27 to 8.42) with a standard error which ranged from 8.02 to 
26.76. The smaller β values had smaller standard error which 
implies that error is minimized with smaller β values. For 
plantation year 1952 α coefficient assumed smaller values from 
(0.35 to 0.85) and β coefficient assumed greater values from 
(5.21 to 21.42) with a standard error which ranged from 48.38 to 
141.00. The smaller β values had smaller standard error which 
implies that error is minimized with smaller β value coefficient.

Figure 1: Flowchart of Java program based on the algorithm 
of gamma distribution function.

Source: Adopted from Chenge (1977). 
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Table 1: Volume of α and β at Individual Tree Level 

Year 2000 Year 1998 Year 1989  Year1952  

Plot
No 

Mean 
Volu
me 
(m3) 

Stand
ard  
error 

 
α 

 
β 

Mean  
Volu
me 
(m3) 

Standa
rd  
Error 

 
α 

 
β  

Mean  
Volu
me  
(m3)  

Stand
ard  
error  

 
α  

 
β  

Mean  
Volu
me  
(m3)  

Standar
d  
error  

 
α  

 
β  

1 2.28 27.34 0.77 2.94 2.53 16.77 2.26 1.11  2.87  15.05  3.65  0.78  6.35  64.25  0.65  9.74
2 2.68 53.60 0.27 9.61 2.41 40.61 0.35 6.82  2.41  26.76  0.81  2.97  9.28  141.0  0.43  21.42

3 2.14 24.10 0.72 2.97 2.77 27.45 0.93 2.98  2.55  22.72  1.40  1.81  8.69  85.74  0.86  10.15
4 2.18 14.56 1.72 1.26 3.16 32.19 0.87 3.60  3.03  15.66  3.13  0.96  6.27  48.33  0.35  5.21
5 2.09 12.59 1.97 1.62 2.77 14.57 2.22 1.03  2.81  17.62  2.55  1.10  7.70  79.25  0.79  9.77
6 2.31 13.07 2.24 1.03 3.50 196.46 0.22 3.36  3.07  8.02  11.31  0.27  10.54  119.96  0.59  17.74
7 2.43 11.76 3.57 0.68 1.68 23.73 0.50 3.34  3.13  24.49  1.63  1.91  8.93  105.72  0.65  13.75
8     2.51 22.60 0.95 2.64  2.65  16.36  0.24  8.42  8.73  91.68  0.64  13.46

Table 2. Volume Estimates of α and β at Standard  Error  Level 

Year  Mean volume (m3) Standard error α β 

2000 2.30 8.07 0.81 2.79 
1998  2.60 16.89 1.04 2.36 

1989 2.82 6.38 3.09 1.08 
1952 8.31 32.00 0.62 12.66 

The α coefficient assumed smaller values which ranged from 
(0.62 to 3.09) and β coefficient assumed greater values from 
(1.08 to 12.66) with standard error which ranged from 6.38 to 
32.00. The smaller β values had smaller standard error which 
implies that error is minimized with smaller β value coefficients. 
At stand level, β had smaller values with corresponding smaller 
error. The standard error at stand level is smaller than that at 
individual tree level which implies that error is minimized more 
at stand level than at individual tree level. This is as shown in 
table 2 above, the values were obtained using maximum 
likelihood estimation method and these values were fitted into 
the Java program for prediction.

The parameter estimates of α and β for Tectona grandis 
distribution calculated by maximum likelihood method were 
similar to one another. The result agreed with those of Chang 
and Tang (1994). The results of the Gamma distribution function 
using Java programming language when the values for α and β 
were fitted into the program written showed that Gamma 
distribution function has a good predictive ability both at 
individual tree and stand levels as it was able to predict the 
volume of a tree at a given diameter at breast height since there 
no significant difference between the observed and predicted 
values obtained. 10% of the data was set aside for model 
validation. The observed and predicted values of volume from 
the Java program are summarized below in tables 3 and 4.The 
observed and predicted volume values were not significantly 
different and the values were similar to a significant degree.  The 
error rate in the predicted values was lower with greater 
precision in larger trees. 

Trees with larger diameters have a decisive effect on, for 
example, the formation of forest microclimate and patches. 
Their presence frequently determines qualification of stands 

into a definite stage and phase of development. The observed and 
predicted values were similar to a significant degree. 
They were not significantly different. The error rate is lower at 
stand level than at individual tree level which implies better 
precision at stand level. The error rate was determined by 
subtracting the expected values from the observed, divided by the 
observed values and multiplied by 100%. 

Efficient management planning tools for forests require growth 
and yield functions that can produce detailed predictions of stand 
development under different management schedules (Trasobares 
et al., 2004a and Trasobares and Pukkala, 2004). Hence in this 
study, considerable effort was directed towards obtaining 
prediction model for yield. Estimation of the parameters by 
maximum likelihood has been found to produce consistently 
better goodness - of – fit statistics compared to previous methods.

The values of α and β were fitted into the Java program which was 
written based on the algorithm of gamma distribution function. 
After fitting the values of α and β into the Java program, it was run 
in order to produce an output. The user interface of the Java 
program and how it is how it was able to predict is shown in 
figures 2 and 3. Figures 2 and 3 show the interface of the Java 
program where three parameters (α, β and number of iterations) to 
be supplied by user, then the proceed button is clicked to generate 
output. The output display is shown in figure 3 after supplying 
data.ie the predicted values on the table. This is how the program 
was implemented. The graphs of observed and predicted values 
from the Java program are presented in figures 4 to 7 for teak 
stands established in 1952 and 2000 respectively.
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Table 3:  Observed and Predicted Volume at Individual level 

Year 2000 Year 1998 Year 1989  Year 1952

PLOT

NO

Observed 

Volume 

(m3) 

Predicted 

Volume 

(m3) 

Error 

Rate 

% 

Observed 

Volume 

(m3) 

Predicted 

Volume 

(m3) 

Error 

Rate 

% 

Observed  

Volume  

(m3)  

Predicted  

Volume  

(m3)  

Error  

Rate  

%  

Observed  

Volume  

(m3)  

Predicted

Volume  

(m3)  

Error

Rate

%

1 2.28 2.27 0.36 2.52 2.48 1.16 2.87  2.85  0.87  6.35  6.43  1.22

2 2.68 2.67 0.42 2.41 2.40 0.47 2.41  2.32  3.70  9.25  9.14  1.15

3 2.14 2.04 4.61 2.77 2.80 -0.92 2.55  2.55  0.03  8.69  8.70  -0.12

4 2.18 2.38 -0.09 3.16 3.32 -5.02 3.03  3.02  0.29  6.27  6.36  -1.43

5 2.09 2.17 -3.96 2.27 2.35 -3.36 2.81  2.70  3.94  7.71  7.70  1.40

6 2.31 2.31 -0.12 3.50 3.71 -6.02 3.07  3.08  -0.23  10.54  12.03  -14.09

7 2.43 2.41 1.05 1.68 1.75 -4.25 3.13  3.07  2.05  8.93  8.46  5.27

8   2.51 2.38 4.85 2.65  2.51  5.37  8.93  8.79  1.57

Table 4: Observed and Predicted Volume at Stand Level 

Year  Observed volume (m3) Predicted volume (m3) Error rate % 

2000 2.76 2.75 0.36 

1998 2.25 2.28 -1.12 

1989 3.47 3.46 0.38 

1952 3.69 3.69 -0.10 
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    Figure 2.  The user interface of the Java program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The output display after supplying data 
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Figure 4: Predicted and Observed diameter distribution of gamma distribution for 1952 

 

 

 

 

 

Figure  5:  Predicted and Observed Diameter Distribution of Gamma for 2000  
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Figure 6: Predicted and Observed diameter distribution of gamma for 1998 

 

 

Fig. 7  Predicted and Observed Diameter Distribution of Gamma for 1989 
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The results of the Java program written based on the algorithm 
of gamma distribution function showed that the gamma 
distribution function has a good predictive ability as it was able 
to predict the volume of a tree at a given diameter at breast 
height both at individual tree and at stand level i.e. the observed 
and predicted values were not significantly different. This is in 
line with Liu et al., (2002) who stated that gamma distribution 
has the ability to fit various empirical distributions. When the 
predicted results from the model agree with the observed 
results, it is to be noted that the predictive distribution is 
referred to mean the distribution of the future data given the 
observed data may be obtained by averaging out the parameters 
involved in the process with respect to some of its appropriate 
distribution. This finding is consistent with Upadhyay et al., 
(2001). Comparing the observed values and predictive ability 
of the Java program, the Java program performed well.

Conclusion and Recommendation
The program written for gamma distribution function was 
developed using Java programming language. This was done in 
NetBeans IDE (Integrated Development Environment) which 
is a Java development Environment whereby the Java Code 
editor, Compiler and Interpreter are integrated into one 
environment. The IDE was installed on Windows 7. Likewise, 
NetBeans IDE can be executed on UNIX base operating system 
as Linux, solaries, These are involved in the writing of the 
program in the materials and methods. The program ran 
without any difficulty. .The source code is too lengthy and 
cannot be integrated in this article. The gamma distribution 
function has a good predictive ability like the Weibull 
distribution. The comparison made was based on literature. 
This study shows that the gamma distribution function could 
perform very well as other distribution. Further studies could be 
conducted by using other distribution function on the Java 
program so as evaluate their performance.
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