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Abstract 
Crown ratio is the ratio of live crown length to tree height. It is often used as an important predictor variable for 
tree growth equation. It indicates tree vigor and is a useful parameter in forest health assessment. The objective of 
the study was to develop crown ratio prediction models for Tectona grandis. Based on the data set from the temporary 
sample plots, several non linear equations including logistics, Chapman Richard and exponential functions were tested. 
These functions were evaluated in terms of coefficient of determination (R2) and standard error of the estimate (SEE). 
The significance of the estimated parameters was also verified. Plot of residuals against estimated crown ratios were 
observed. Although the logistic model had the highest R2 and the least SEE, Chapman-Richard and Exponential functions 
were observed to be more consistent in their predictive ability; and were therefore recommended for predicting crown 
ratio in the stand.
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Introduction

Tree crown is one complement of net primary production 
and its dimensions reflect general tree health. Dense and 
large crowns are associated with potential growth rates. 
Sparse and small crowns can prove responsive to un-
favourable site conditions (competition, moisture, diseases) 
(Kozlowski et al. 1991). Tree crown research contributes to 
several key forest ecosystem attributes: biodiversity, pro-
ductivity, forest management, forest environment, and 
wildlife (Laar and Akca 1997; Avery and Burkhart 2001). 
The crown displays the leaves to allow the capture of radi-
ant energy for photosynthesis. Thus, measurement of a tree 
crown is often used to assist in the quantification of tree 

growth (Kozlowski et al. 1991). The size of a tree crown has 
a marked effect on and is strongly correlated with the 
growth of the tree and its various parts (Temesgen et al. 
2005).

Crown ratio (CR), which is the ratio of live crown length 
to the total height of the tree, is widely used to predict 
growth and yield of trees and forests (Wykoff et al. 1982; 
Sprinz and Burkhart 1987). CR is a useful indicator of tree 
vigor (Hasenauer and Monserud 1996), wood quality 
(Kershaw et al. 1990), wind firmness (Navaratil 1997), 
stand density (Clutter et al. 1983) and is a feature of interest 
in management of many non-timber resources including 
wildlife habitat and recreation (Mcgaughey 1997). 
Predictions of tree crown ratio have been based on allo-
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metric relationship between stand and tree variables. Many 
authors have based crown ratio equation on logistic func-
tions (Hasenauer and Monserud 1996; Temesgen et al. 
2005) or the exponential function (Holdaway 1986; Dyer 
and Burhart 1987) or chapman richard function (Soares 
and Tome 2007; Adesoye and Oluwadare 2008). Most of 
these models were formulated for either even aged single 
species stands, or multi-species stands comprising of differ-
ent ages or mixed stand with two or more species. The ob-
jective of this study is to develop crown ratio prediction 
model for Tectona grandis stand in Osho forest reserve.

Materials and Methods

Study area

Osho forest reserve is located in the derived savanna eco-
logical zone of Nigeria. It is situated in Ido local govern-
ment area of Oyo state, Nigeria between latitudes 6o 50' and 
7o 30' N and longitudes 3o 30' and 4o 30' E. The reserve has 
an estimated altitude of 152 m above the sea level.

The data

Data used for this study was collected from twenty seven 
(27) randomly selected temporary sample plots of size 20× 
20 m within the study area. Within each sample plot, the 
following tree growth variables were measured for all trees: 
total height (m), bole height (m), merchantable height (m), 
crown length (m), diameter (cm) outside bark at breast 
height (i.e. dbh measured at 1.3 m above the ground level), 
diameter (cm) outside bark at top, middle and base, crown 
diameter (cm). 

Model description and fitting procedure

The tree crown ratio models developed and tested for 
this study were the Logistic, Chapman-Richard and 
Exponential models since a crown ratio value ranges from 0 
(i.e. no crown, dead or defoliated) to 1 (i.e. crown extends 
over the entire tree bole). The tree crown ratio model for-
mulated to express crown ratio as a function of tree size (e.g. 
basal area, merchantable height) and slenderness coeffi-
cient. The original forms of the models are:

    (1)

 
 




 (2)

   
 (3)

Where, CR is estimated crown ratio, x is linear equa-
tion with parameter   and independent variable x (which 
includes individual tree characteristics such as merchant-
able height-MHT, Diameter at breast height-D and Tree 
Slenderness Coefficient-TSC) and e is Naperian constant. 
The multiple linear regression equation for the independent 
variables was given as follows: 

         (4)

Where,   is intercept, b to d is set of parameters,   to 
  is the independent variables. 

Equation 4 was fitted to the data obtained from the study. 
This was then inserted into equation 1, 2 and 3 respectively 
for estimation of the parameters. 

  
    　 (5)

For example, eqution 4 was inserted into equation 4 to 
obtain equation 5; and was fitted to the data. Model devel-
opment was done at the individual tree level (i.e. mean val-
ues of tree growth variables for each plot).

Computation of derived variables

The following variables were derived from the tree 
growth data collected:

(i) Stem basal area computed as




(6)

Where, BA=Stem basal area (m2)
             D=Diameter at breast height (m)

(ii) Tree Slenderness coefficient computed as

 


(7)

Where, TSC=Tree slenderness coefficient
THT=Tree total height (m)
D=Diameter at breast height (m)
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Table 1. Characteristics of the tree variable used for modeling

Variable Mean Minimum Maximum

DBH (m)   0.1392   0.045     0.3072
THT (m)   8.9752   3.12   16.35
MTH (m)   6.8979   2.2   14.5
CR   0.45   0.03     0.75
TSC 66.3553 21.0845 221.5226
Dt/Db   0.3394   0.1166     2.536

Dt/Db, Ratio of tree diameter at the top to tree diameter at the 
base.

Table 2. Correlation matrix for individual tree growth variables

AGE DBH SV THT MHT BH CL CR

AGE  1.00
DBH   0.17a  1.00
SV   0.17a   0.82a  1.00
THT   0.11a   0.78a   0.85a  1.00
MHT   0.10a   0.64a   0.85a   0.90a  1.00
BH   0.11a   0.52a   0.77a   0.80a   0.92a  1.00
CL  0.00   0.43a   0.15a   0.35a  0.01  -0.29a  1.00
CR  -0.06a  0.02  -0.27a  -0.17a  -0.45a  -0.71a   0.83a 1.00

AGE, Tree Age (years); DBH, Diameter at breast height (cm); SV- Stem Volume (m3); THT, Tree total height (m); MHT, Merchantable 
Height (m); BH, Bole height (m); CL, Crown length (m); CR, Tree crown ratio. 

Model evaluation

The models formulated were evaluated with a view of se-
lecting the best estimator for tree crown ratio. The evalua-
tion was based on the following criteria:

* Coefficient of determination (R2)
* Standard error of estimate (SEE)
In addition, the significance of regression coefficients (t) 

was observed. Only equations having all the parameters to 
be significant were selected. A model with high R2 and low 
SEE was judged to have good fit. Residuals values were 
plotted against the predicted crown ratio values to check the 
constant error assumption. 

Results and Discussion

Data summary

The model fitting data set covered a wide range. The 
mean, maximum and minimum of the main measured vari-

ables and other derived variables are presented in Table 1 
below.

The large range of crown ratio values in each data set re-
flects the effect of stand density and site productivity. This 
range variation was also observed by Soares and Tome 
(2001). In this study effort was directed towards obtaining 
crown ratio prediction models. Before the models were de-
veloped, correlation analysis was carried out to give an in-
sight of the association between crown ratio and the growth 
variables. It was observed from the correlation matrix pre-
sented in Table 2 that crown ratio decreased with increasing 
tree size and competition. Similar trend was observed by 
Hasenauer and Monserud (1996), Temesgen et al. (2005).

Generally crown ratios are expected to be longer for low-
er densities (Clutter et al. 1983; Oliver and Larson 1996). 
Conversely trees with close neighbours on all sides maintain 
small crown ratio and eventually slow in diameter growth. 
The negative correlation of crown ratio with tree slender-
ness coefficient indicates that trees that are tall and slender 
had lower crown ratio values. 

Model fitting and evaluation

Model fitting and evaluation are important parts of mod-
el building. Fitting of crown ratio models were based on the 
total data set. A number of different models were examined 
for predicting crown ratio using logistic, exponential and 
Chapman Richard functions. In this study coefficient of de-
termination (R2) and standard error of estimate (SEE) 
were computed in order to evaluate the fitted models. In ad-
dition, residual plots were carried out to check the error 
assumption. The significance of the parameter estimates 
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Table 3. Selected tree crown ratio models

Function Model R2 SEE

Logistic ))01.0111.0873.0exp(1/(1 TSCMHTCR ++−+= 0.34 0.1328

Chapman–Richard ))007.0722.01exp(1/(591.0 2/1TSCMHTCR ++−−= 0.20 0.1355

Exponential )/866.8026.0exp(599.0 TSCMHTCR +−+−= 0.23 0.1355

Fig. 3. Relationship between residual and estimated CR under Chapman- 
Richard function.

Fig. 1. Relationship between residual and estimated CR using logistic 
function.

Fig. 2. Relationship between residual and estimated CR using exponential 
function.

was also observed. The selected versions of the models are 
presented in Table 3. One unique independent variable that 
features in all the models is tree slenderness coefficient. 
This proves that tree slenderness coefficient is one of the 
factors contributing to the size of tree crown ratio. The pat-
tern was observed in the studies conducted by Hanus et al. 

(2000); Hasenauer and Monserud (1996); Ritchie and 
Hann (1987). Merchantable height was another important 
variable used in modeling. Adesoye and Oluwadare (2008); 
Marshall et al. (2003) also found merchantable height as an 
important variable for modeling crown. The other variables 
failed to adequately explain crown ratio variation and were 
therefore not included in the models. The SEE differences 
were small since crown ratio is constrained to the interval of 
0 and 1. This was also noticed in the work carried out by 
Temesgen et al. (2005) and Adesoye and Oluwadare (2008). 
Generally, the models consistently gave good fit to the 
Tectona grandis data in Osho Forest Reserve. The evaluation 
of the residual plots (Fig. 1-3) revealed that logistic model 
consistently under-predicted the crown ratio. Its error anal-
ysis revealed that error variance is not constant across the 
predicted crown ratio. Chapman-Richard and Exponential 
functions were observed to have constant error variance. 

In the graphical relationship between the residuals and 
estimated crown ratio obtained with the logistic, all the re-
sidual values are in the positive region which implied that 
crown ratio values were consistently under predicted. 
Exponential and Chapman-Richard functions judging 
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from their error analysis appeared constant error variance 
distributed both in the positive and negative region of the 
x-axis (i.e. the estimated crown ratio values). This is desir-
able for a good model. This trend was similar to the find-
ings of Soares and Tome (2001); Adesoye and Oluwadare 
(2008). Based on the evaluation of the error analysis, 
Chapman-Richard and Exponential functions are recom-
mended for predicting crown ratio in the stand. Although 
their R2 values were lower compared to the logistics, they 
are more precise in their predictive ability.

Conclusions

Based on the evaluation of the models examined in this 
study, the Chapman-Richard and Exponential functions 
are recommended as crown ratio models for Tectona grandis 
stand in Osho Forest Reserve. These functions have tree 
slenderness coefficient and merchantable height as in-
dependent variables. It is note worthy that the age range of 
data used for modeling was small. As more data become 
available to cover a wider range of ages, the model can fur-
ther be investigated through validation.
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