Horizontal crown moving. Radial-based functions method.

In this section we will consider the effect of horizontal crown moving. This effect plays key role in forest modeling with group way of trunk position distribution. To our knowledge, in most known forest models this effect is not considered at all. It can be explained by the fact that while random (Poisson) trunk distribution the effect is compensated by many random crown “collisions” and, therefore, has second-order character. But in group plantings, as considered in the previous chapter, this effect leads to qualitatively new effects, as we will show with our forest model.

The effect of horizontal crown moving was considered in []. Here, in order to prove the existence of the effect, we will show how the radial-based function method can be applied for the analysis of spatial configuration of trunk positions in real forest and comparing it with data about crown centers positions. Our consideration follows mainly the results изложенным in [].

Initially the method of radial-based functions is widely applied in molecular physics for studying spatial configurations of atoms and molecules of different physical substances. In [] the method was applied for the studying of spatial structure of tree crown and trunk positions, based on the data obtained from observation during many years for the сосняк рододенново-брусничеый forest, grown on the слабодерновой среднеподзолистой субпесчаной soil (Russia, Siberia, Angara-Irkutsk region). In this work we formulate the method of radial-based functions and give the results of its applying to real data, accordingly to [].
Let’s consider 2D-distribution of objects inside a piece of plane with S square. The probability of object 1 to be situated inside the circle centered in R1 point and with S1 square, and the object 2 is inside the circle centered in R2 point and with S2 square equals
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where g(R1,R2) depends on interaction between the objects. In case of non-interacting objects we would have g ( 1. In the case of isotropic object interaction we have
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 is a distance between trees. Then the probability of the object 2 to be inside the ring with internal radius R and external radius R+(R, equals
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We denote g(R) as radial-based function of object distribution. It is easy to show that
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where (av is the average density of objects, i.e. (av =
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 is the average density of objects in the [R;R + (R] ring, i.e. N(R) is the average number of objects on the distance between R and R+(R (here we average on all the objects).
Let’s consider four basic types of object distribution:

1) Random (Poisson) distribution.

In this case we have ((R)= (av and g(R)=1. It means that there are no preferred distances between objects (all distances have equal probability).

2) Equidistant distribution.

In this case the objects “avoid” to be close to each other. This type of distribution is due to the отталкивание interaction (for example, free electron gas). Radial-based function in this case behaves as shown on the Fig. ??.

3) Ordered structure.

In this case we have crystal-like structure with distant order. This type of radial-based distribution function is shown on the Fig. ???.

4) Group distribution.

The objects are grouped, that means that the distances between objects inside a group are much smaller then the distances between groups. The radial-based distribution function behaves as shown on Fig. ???.

In this form method of radial-based function was applied to the real data of tree trunk and crown distributions. The results, taken from [], are shown on the Fig. ???.

The analysis of the results allowed to make following conclusions:

1) Distribution of the trunk positions changes from the group one in young stand to the random (Poisson) one at the mature age (50-60 years).

2) Distribution of tree crown centers changes from the group one in young stand to the equidistant at the mature age.

In other words, this analysis shows that young stand tends to form tree biogroups that helps to compete with grass and bushes. But in mature age due to the random mortality, distribution of tree trunks is randomized. Nevertheless, tree crowns still interact with each other that leads to the qualitatively different distribution of tree crown centers. The crowns отталкиваются and cover, as a result, larger square. Later on, we will try to fix this effect in our simple forest model to explain the experimental results of Peter von Gan.
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Fig. Different typical distributions of objects and the corresponding radial-based distribution functions

1) Poisson; 2) Equidistant; 3) Ordered; 4) Group.
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