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Abstract: Problem statement: Spatial modeling has many applications in various fields like
agriculture, meteorology, forestry and it takes into consideration the spatial correlation structures. In
the field of forestry the growth rate, in particular, the diameter of trees is usually an important
parameter. The growth rate of trees in a forest is likely to be influenced by various factors like
nutrients, fertility of soil, sunshine and rainfall. In this study, we investigated the spatial correlation of
the mean diameter of trees in the natural Dipterocarp forest in Gunung Tebu forest reserve,
Terengganu, Malaysia. Approach: The diameters were measured using the diameter tape and the unit
of measurement is in centimeters (cm). The main sampling unit was 1 ha plot of 100 by 100 m located
approximately in the centre of each treatment block. Within the 1 ha sample plot, the quadrants (20 by
20 m) were numbered consecutively from 1-25 and in the outer 16 quadrants; all trees having a
diameter at breast height over bark (dbh) of 15.0 cm or more are individually numbered, tagged and
enumerated. Using the rook’s and queen’s neighborhood structure, we computed the Moran’s spatial
correlation coefficient for the mean diameter of trees in each quadrant for the years 1975 up to 1986.
Results: We found that there was a negative spatial correlation among the mean diameter of trees in
the 16 quadrants (cases) of the natural Dipterocarp forest in Gunung Tebu forest reserve, Terengganu
at α level 0.10. Conclusion/Recommendations: The existence of negative spatial correlation indicated
that there was competition among the trees in Dipterocarp forest as a result of tree growth over time
which was affected by species, size, age and other environmental factors. Further research will
concentrate on the spatial modeling of diameter of trees for the years where negative correlation was
found.
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whether the spatial modeling should be used. It can also
be useful for testing the residuals from a standard
multiple regression or trend surface models[4].
It is also necessary to see if the value of some
variable in a particular region would likely affect the
neighboring regions and this is broadly known as
spatial autocorrelation. The spatial autocorrelation may
be computed for any lattice of regions or set of points at
which the value of some variate X can be obtained.
Several measures of spatial autocorrelation[2,8] were
used in the literature such as the join count statistic,
Moran’s I coefficient[3] and Geary c statistic[7]. In a
previous research[5] the evolution of the spatial
distribution of the GDP of Asian countries using the
join count statistic and Moran’s coefficient was
investigated.

INTRODUCTION
Spatial modeling has received much attention in
recent years. The analysis of the spatial data is
differentiated from the typical data analysis by the
inclusion of spatial information in models and
predictions. Data are often correlated in space and the
spatial structure can arise from several different
sources, such as measurement error, continuity effects
including spatial heterogeneity and space dependent
processes or mechanism[2].
Spatial modeling takes into consideration the
spatial correlation structures which can be evaluated
and used to increase the accuracy of modeling and
prediction efforts. A test for the spatial autocorrelation
can be performed as an exploratory technique to decide
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In forestry the growth rate, in particular, the
diameter of trees is usually considered as an important
parameter. The growth rates of trees in a forest are
likely to be influenced by various factors such as
nutrients, fertility of soil, sunshine and rainfall. If the
spatial correlation exists amongst trees which are
contiguous or close together; the growth rate will be
affected depending on the correlation structure. If there
is positive spatial autocorrelation amongst the mean
diameter of trees this would indicates that they are more
or less alike but on the other hand a negative spatial
autocorrelation would indicate that they are unlike[1].
This study investigates the evolution of the spatial
correlation of the mean diameter of trees in natural
Dipterocarp forest in Gunung Tebu Forest Reserve,
Terengganu in 1975-1986.

autocorrelation adhere to a common definition of
neighborhood relations such as rook’s case, bishop’s
case or queen’s (king’s) case (Fig. 3).
Rook’s case contiguity considers neighborhood of
four locations adjacent to each cell. Meanwhile, bishop
only considers the diagonal of the relationship and
queen’s or king’s case considers a neighborhood of
eight cells. In each quadrant of the grid the mean
diameter of trees has been measured and spatially
analyzed using the rook’s and queen’s neighborhood
structure for the years 1975 up to 1986.
To measure the autocorrelation, the Moran’s I
correlation coefficient (Moran, 1950) was employed.
This measure was used to evaluate the spatial pattern
and examine the existence of the spatial autocorrelation
among the mean diameter of trees in the different
quadrants. Moran’s I is one of the oldest indicators of
the spatial autocorrelation, which has been used in
many studies[6]. To examine the assumption of
independency, the Moran’s I formula used is given by:

MATERIALS AND METHODS
In this study, the data set consists of the mean
diameter of trees which were measured using a
diameter tape and the unit of measurement is in
centimeters (cm). The main sampling unit is 1 ha plot
of 100 by 100 m located approximately in the centre of
each treatment block. Within the 1 ha sample plot, the
quadrants (20 by 20 m) are numbered consecutively
from 1-25 (Fig. 1). In the outer 16 quadrants, all trees
having a diameter at breast height over bark (dbh) of
15.0 cm or more, were individually numbered, tagged
and enumerated (Fig. 2).
In the analysis of the spatial autocorrelation the
application of contiguity measure is required.
Contiguity has a rather broad definition depending on
the research question; however, most analyses in spatial
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Like the correlation coefficient, the values of
Moran's I range from 1, which indicates a strong positive
spatial autocorrelation, to 0 which equals a random
pattern and to -1 which indicates strong negative spatial
autocorrelation. The Moran's I correlation coefficient
was used in this study to test the following hypotheses:

H0: No spatial autocorrelation among the mean diameter
of trees in the different quadrant
H1: Spatial autocorrelation exists among mean diameter
of trees in the different quadrant

Fig. 1: Quadrants (20 by 20 m) numbered consecutively
from 1-25 within 1 ha plot

Rook’s case

Fig. 2: Sixteen outer quadrants within 1 ha plot of 100
by 100 m

Bishop’s case

Queen’s (King’s) case

Fig. 3: Different definitions of contiguity
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Table 1: The p value using rook’s and queen’s neighborhood
structures
Rook’s
Rook’s
Queen’s
Queen’s
Year
corr. coef.
p-value
corr. coef.
p-value
1975
-0.495
0.074
-0.457
0.062
1976
-0.446
0.115
-0.440
0.074
1977
-0.430
0.131
-0.421
0.091
1978
-0.429
0.133
-0.414
0.097
1979
-0.463
0.099
-0.456
0.063
1981
-0.462
0.098
-0.455
0.062
1984
-0.556
0.041
-0.484
0.045
1986
-0.538
0.048
-0.477
0.048

This suggests that there is a spatial autocorrelation exist
among the different quadrants.
The results also show that this spatial
autocorrelation among the mean diameters of the trees
is negative. This provides statistical evidence that there
may be a competition among the trees as a result of tree
growth over time which is affected by species, size, age
and other environmental factors.

Moran’s I spatial correlation coefficient was
calculated for the mean diameter of trees in the natural
Dipterocarp forest in Gunung Tebu Forest Reserve,
Terengganu in 16 quadrants (cases) for 8 years starting
from 1975-1986. Both rook’s and queen’s structures
were used.

In this review study we have examined the spatial
autocorrelation of the mean diameter of trees in natural
Dipterocarp forest. Using two different neighboring
structures; Moran’s I correlation coefficient suggests that
there is a negative spatial correlation exist among the
neighboring quadrants in the natural Dipterocarp forest,
in Gunung Tebu Forest Reserve, Terengganu, Malaysia.
Such results can be evaluated and used to increase the
accuracy of the future prediction efforts. The study also
suggests that the spatial structure is one of the important
factors that influence and explain the behavior of the
natural forest growth. For further research spatial
modeling of diameter of trees can be under taken.

CONCLUSION

RESULTS
Table 1 shows the results of rook’s and queen’s
methods. Table 1 reports the correlation coefficient and
p-value for each method during the years 1975-1986.
Both methods produced approximately the same
correlation coefficient values. However, the queen’s case
is more informative since it takes into consideration more
neighboring regions. Table 1 also shows that over time
the correlation coefficient tends to decrease.
Using the queen’s structure the spatial correlation
was significant for all the years at α level 0.10.
However, for the years 1984 and 1986 the spatial
correlation is significant at α level equal 0.05 using
both rook and queen structures (Table 1).
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