
Poster Print Size: 
This poster template is set up for A0 
international paper size of 1189 mm 
x 841 mm (46.8” high by 33.1” 
wide). It can be printed at 70.6% for 
an A1 poster of 841 mm x 594 mm. 

Placeholders: 
The various elements included in 
this poster are ones we often see in 
medical, research, and scientific 
posters. Feel free to edit, move,  
add, and delete items, or change 
the layout to suit your needs. 
Always check with your conference 
organizer for specific requirements. 

Image Quality: 
You can place digital photos or logo 
art in your poster file by selecting 
the Insert, Picture command, or by 
using standard copy & paste. For 
best results, all graphic elements 
should be at least 150-200 pixels 
per inch in their final printed size. 
For instance, a 1600 x 1200 pixel 
photo will usually look fine up to 8“-
10” wide on your printed poster. 

To preview the print quality of 
images, select a magnification of 
100% when previewing your poster. 
This will give you a good idea of 
what it will look like in print. If you 
are laying out a large poster and 
using half-scale dimensions, be sure 
to preview your graphics at 200% to 
see them at their final printed size. 

Please note that graphics from 
websites (such as the logo on your 
hospital's or university's home page) 
will only be 72dpi and not suitable 
for printing. 

 
[This sidebar area does not print.] 

Change Color Theme: 
This template is designed to use the 
built-in color themes in the newer 
versions of PowerPoint. 

To change the color theme, select 
the Design tab, then select the 
Colors drop-down list. 

 

 

 

 

 

 

 

 

 

The default color theme for this 
template is “Office”, so you can 
always return to that after trying 
some of the alternatives. 

Printing Your Poster: 
Once your poster file is ready, visit 
www.genigraphics.com to order a 
high-quality, affordable poster print. 
Every order receives a free design 
review and we can delivery as fast 
as next business day within the US 
and Canada.  

Genigraphics® has been producing 
output from PowerPoint® longer 
than anyone in the industry; dating 
back to when we helped Microsoft® 
design the PowerPoint software.  

 
US and Canada:  1-800-790-4001 
International: +(1) 913-441-1410 

Email: info@genigraphics.com 
 

[This sidebar area does not print.] 

MODELLING STEM DIAMETER VARIABILITY IN 
A MULTI-SPECES STAND: A NEW APPROACH 

Peter O. Adesoye 
Department of Forestry, University of Venda, Private Bag X5050, Thohoyandou, 

South Africa 

Peter Oluremi ADESOYE 
Department of Forestry, University of Venda, Thohoyandou 
Email: Peteroluremi.adesoye@univen.ac.za 
Website: www.univen.ac.za/index.php?Entity=Forestry&Sch=1 
Phone: +27159628372 

Contact 
1. Bailey, R. L. & Dell, T. R. 1973. Quantifying diameter distributions with Weibull function. Forest Science 19: 97 – 104. 
2. Borders, B. E., Souter, R. A., Bailey, R. L. & Ware, K. D. 1987. Percentile-based distributions characterize forest stand tables. Forest Science 33:570 – 576. 
3. Cohen J., Cohen P., West S. G. & Aiken L. S. 2003. Applied Multiple Regression/ Correlation Analysis for Behavioral Sciences. Third Edition. New York, London, Routledge. 726 p.   
4.  Hafley, W. L & Schreuder, H. T. 1977. Statistical distributions for fitting diameter and data in even–aged stands. Canadian Journal of Forest Research 7:481-487.  
5.  Kayes, I., Deb, J. C., Comeau, P. & Das, S. 2012. Comparing normal, lognormal and Weibull distributions for fitting diameter data from Akashmoni plantations in the north-east 

region of Bangladesh. Southern Forests 74:175 – 181. 
6. McDonald, J. H. 2014. Handbook of biological statistics. Third edition, pp305. Sparky House Publishing, Baltimore, Maryland, USA. 
7. Mehtatalo, L., Gregoire, T. G. & Burkhart, H. E. 2008. Comparing strategies for modeling tree diameter percentiles from re-measured plots. Environmetrics 19: 529 – 548. 
8. Poudel, K. P. & Cao, Q. V. 2013. Evaluation of methods to predict Weibull parameter for characterizing diameter distributions. Forest Science 59: 243 – 252. 
9. Siipilehto, J. & Mehtatalo, L. 2013. Parameter recovery vs. parameter prediction for the Weibull distribution validated for Scot pine stands in Finland. Silva Fennica volume 47,   

no.4, article id 1057. 22p 
10. Zeide, B. & Zhang, Y. 2000. Diameter variability in loblolly pine plantations. Forest Ecology and Management 128: 139 -143.  
      

 

References 

 Little has been done till date, to explore the 

modelling potentials of standard deviation (SDD) 

and coefficient of variation (CVD) of stem diameter. 

This study was aimed at developing and testing 

models for predicting stem diameter variability in 

terms of SDD and CVD using data from a tropical 

rainforest (Ekuri Forest Reserve, Cross River 

State) of Nigeria. Thirty-two temporary sample 

plots of size 25m x 25m were sampled. The 

candidate models for estimating SDD and CVD 

used commonly available stand variables (e.g. 

quadratic mean diameter – Dq, number of stems 

per hectare -  N/ha, 24th, 63rd, 76th and 93rd 

percentiles of diameter distribution) and were 

compared using corrected Akaike’s Information 

Criterion (AICc) and standard error of estimate 

(SEE). The most influential variables for predicting 

CVD and SDD were found to be the 24th and 93rd 

percentile positions of stem diameter. The smallest 

relativized SEE, which is a measure of prediction 
accuracy, was found among the CVD models. 

Abstract 

 The rectangular correlation matrix of SDD and 

CVD against stand variables is presented in Table 

1. All the stand variables are correlated with SDD 

(and positively so) with the exception of number of 

trees/ha. Highest correlation with SDD was found 

to be P90. On the other hand, CVD was only 

correlated with mean dominant height (Hd), basal 

area per hectare (BA/ha) and P90 and positively so. 

Consistent positive correlation between stand 

variables and the two measures of variability 

suggests that diameter variability increases with 

increase in stand attributes.  

Introduction 

 The data used for model fitting in this study were 

collected from Ekuri Community Forest, located in the 

buffer zone of Cross River National Park of Nigeria (Fig. 1). 

A total of 32 temporary sample plots of size 25m x 25m 

were randomly laid. Tree size variables measured within 

each plot include diameter at breast height(cm), total and 

merchantable heights(m), number of stems and percentile 

positions of stem diameter at 24th (P24), 63rd (P63), 76th (P76) 

and 90th (P90). The merchantable limit was taken as the 

minimum top diameter of 10cm. Correlation and multiple 

linear regression analyses were used to analyze the data. 

The SDD and CVD were used as response variables; while 

three categories of explanatory variables were investigated 

(i.e. (i) measures of tree size only – mean diameter, basal 

area/ha, number of trees/ha, etc.; (ii) measures of 

distributions – percentile positions P24, P63, P76 and P90; 

and combinations of (i) and (ii)). The set of explanatory 

variables used were also checked for multicolinearity by 

observing their variance inflation factor (VIF). Model 

evaluation and comparison were achieved using standard 

error of estimate (SEE), relative standard error (RSE), 

coefficient of determination (R2), prediction residual sum of 

squares (PRESS) and corrected Akaike’s information 
criterion (AICc).  

Methods and Materials 

 In this study, models predicting diameter 

variability in terms of CVD and SDD were 

evaluated. Stand variables considered as possible 

explanatory variables were categorized into (i) tree 

size, (ii) stem size distribution and (iii) combination 

of (i) and (ii). Quite many studies have provided 

information on the capacity of stand variables to 

predict percentile based diameter distribution (e.g. 

Borders et al. 1987;and Poudel and Cao, 2013). 

However, few studies, to date, have pointed out 

the relationship between measures of variability 

(i.e. SDD and CVD) and stand growth variables 

(e.g. Zeide and Zhang, 2000).  

 The SDD was correlated with most of the stand 

variables, while CVD was not. This, probably could 

be because CVD is a ratio. Cohen et al. (2003) 

pointed out that the Pearson product-moment 

correlation may be spurious and misleading when 

used to measure association between a ratio and 

another ratio or variable. Among the six candidate 

models tested, CVD model having P24 and P90 as 

predictors was found to be the best in terms of 

prediction accuracy and goodness of fit. This was 

consistent with the findings of McDonald (2014).     

Discussion 

The modeling potentials of two chief 

characteristics of stem diameter variability, 

standard deviation of diameter (SDD) and 

coefficient of variation of diameter (CVD) 

were investigated in a multi-species stand. 

The study shows that models with measures 

of stem diameter distribution (i.e. percentile 

positions) as explanatory variables ranked 

overall best. The stability of CVD in 

measuring variability across different groups 

of stand sizes also support preference for 

CVD over SDD. The CVD increases with P90 

and it decreases with increase in P24. This 

trend raise a question: why does CVD 

decrease with increase in P24, but increases 

with increase in P90? It is expected that 

stand level growth models based on stem 

diameter variability can be improved by 
using the CVD model 5.  

Conclusions 

 Diameter variability is a well-known and widely 

developed concept useful for effective forest 

management planning. Several studies (e.g. Bailey 

and Dell, 1973; Hafley and Schreuder, 1977; 

Borders et al. 1987; Mehtatalo et al. 2008; Kayes 

et al. 2012; Poudel and Cao, 2013; and Sipilehto 

and Mehtatalo, 2013) have put considerable effort 

to modelling diameter distribution using different 

theoretical distribution functions. Although, varying 

degrees of success have been achieved in 

modeling diameter distribution, there is however, 

room for improvement. To date, little has been 

done to explore the modelling potentials of two 

chief characteristics of stem diameter variability, 

that is standard deviation of diameter (SDD) and 

coefficient of variation of diameter (CVD). Zeide 

and Zhang (2000) proposed a model for estimating 

SDD using stand attributes such as average 

diameter, number of stems and age. Their model 

explained 91% of the variation in SDD. However, 

standard deviation is often criticized to be unstable 

in magnitude and tricky to interpret (e.g. 

McDonald, 2014). A lower standard deviation does 

not necessarily imply lesser variability. In this 

study, with particular focus on multi-species stand, 

the CVD is proposed as a suitable alternative to 

SDD because its value is stable across different 

groups of sizes and conditions which is a recurring 

experience in natural stands. This study therefore 

investigates whether SDD and CVD are indeed 
independent from stand attributes. 

Results 

Figure 1. Inset Map of Cross River State Nigeria. 

Table 1: Rectangular Matrix Correlation Coefficients of SDD and 

CVD against Stand Attributes 
   

Dam 

 

Hd 

 

N/ha 

 

BA/ha 

 

P24 

 

P63 

 

P76 

 

P90 

 

SDD 

 

0.72* 

 

0.38* 

 

- 0.03 

 

0.85* 

 

0.39* 

 

0.50* 

 

0.38* 

 

0.90* 

 

CVD 

 

0.35 

 

0.47* 

 

0.09 

 

0.59* 

 

0.01 

 

0.08 

 

- 0.01 

 

0.75* 

 * = Significant correlation at α level of 0.05 

The selected candidate models, with their corresponding 

parameter estimates, fit and prediction statistics are 

presented in Table 2. Among the SDD models, the model 

with combination of stand size variable and measures of 

tree size distribution (i.e. Model 3) gave a better fit 

judging from the fitting and prediction criteria (i.e. higher 

R2 of 0.86, lower values of SEE of 2.644, PRESS of 
325.91 and RSE of 12.79%). Among the CVD models, the 
model with mainly, measures of tree size distribution (Model 
5) gave a better fit judging from the fitting and prediction 
criteria (i.e. higher R2 of 0.78, lower values of SEE of 0.058, 
PRESS of 0.125 and RSE of 10.91%). Generally, it is not 
appropriate to compare two models with different response 
variables using R2 and SEE. However, such comparison can be 
made using relativized standard error (defined as the 
percentage ratio of SEE to average estimate produced by the 
fitted model). Hence, comparison of the best SDD and CVD 
models, on the basis of RSE indicates that CVD model (i.e. 
Model 5) is superior to the SDD model (i.e. Model 3). 

Table 2: Candidate Models  with Parameter Estimates, Fit and 
Prediction Statistics 
 

 

Model No. 

 

Model 

 

R2 

 

AICc 

 

SEE 

 

RSE (%) 

 

PRESS 

   

SDD Candidate Model 

  

 

1 

 

𝑆𝐷𝐷 = −24.9 + 0.743𝐷𝑎𝑚 + 0.475𝐻𝑑 

 

0.61 

  

100.31 

 

4.342 

 

21.01 

 

702.87 

 

2 

 

𝑆𝐷𝐷 = −10.5 + 0.412𝑃90 

 

0.81 

  

75.33 

 

3.011 

 

14.57 

 

329.19 

 

3 

 

𝑆𝐷𝐷 =  −6.62 + 0.102𝐵𝐴 + 0.276𝑃90 

 

0.86 

  

68.55 

 

2.644 

 

12.79 

 

325.91 

   

CVD Candidate Model 

  

 

4 

 

𝐶𝑉𝐷 = 0.348 + 0.003𝐵𝐴 

 

0.35 

  

-143.14 

 

0.099 

 

18.62 

 

0.41 

 

5 

 

𝐶𝑉𝐷 = 0.428 − 0.024𝑃24 + 0.009𝑃90 

 

0.78 

  

-175.39 

 

0.058 

 

10.91 

 

0.13 

 

6 

 

𝐶𝑉𝐷 = 0.222 − 0.012𝐷𝑎𝑚 + 0.01𝑃90 

 

0.70 

  

-165.22 

 

0.069 

 

12.88 

 

0.17 


