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with certain characteristics. These curves have traditionally been defined and applied to uneven-aged
Accepted 26 July 2014

stands, and relate diameter with number of stems. However it is also possible to construct similar curves
to manage stands composed of even-aged units. This paper proposes and compares alternative method-
ologies, based on yield tables, for establishing distribution curves for height/number of stems for Pinus
sylvestris L. Based on the yield tables for this specie, it can be seen that the “direct” methods correspond
more closely to the original chart, but also require highly complex calculations. However, estimation
methods based on the use of kernel functions are generally simpler and can produce similar results, with

Keywords:

Height distribution function
Yield tables

Balanced distribution

Non-parametric method the correct choice of smoothing parameter.
Uneven-aged forest © 2014 Elsevier B.V. All rights reserved.
Contents
B U oL Tot o o) PP 192
1.1, BaCKGIOUNA . . .ottt ettt e e e e e e e e e e e e 192
1.1.1.  Conceptual definition of the reference sitUation . ... ........ ... . ittt it ittt e et et et e i 192
1.1.2. Quantitative description of the reference SitUation .. ... ...... .. . ittt ittt et et iaeaans 192
1.1.3.  Operative management MethodologY . . . .. ... i ittt ettt et et et ettt et et e 192
B © 5 1< 4 193
2. Materials and Methods . . .. .. ... e e 193
2.1, Direct Method . . . oo e e 193
2.1.1.  Characterisation of the different populations: estimating parameters Land G............uuuvirtinenennennennennnn 193
2.1.2. Aggregating the different ages populations . ... ... ... it e e 194
2.2, Kernel Method. . .. ..o e e e e e e e 194
2.2.1. Estimation of the smoothing parameter or bandwidth . .. ... ... .. . e 194
2.2.2. Alternatives in sample generation for estimating the density function ........... ... .. .. .. . i 195
2.3. Comparison of methods: measures of 00dness Of fit ... ... ... ...ttt ettt 195
3. RESUIES. . oo e 196
3.1 DIrect Method . . ..o e e e e e e e e e 196
3.1.1. Characterisation of the different populations. . .. ... ... . it e et e et e e 196
3.1.2.  Assessment Of the TIUNCAION . . . . ..ottt ettt et e et et e e e e e e e e e e e e e e e ettt ettt 196
3.1.3.  Aggregation of the different populations . .. .. ... ... . i i e e 196
3.2, Comparison Of MEtNOAS . . . ..ottt ettt e et e e e e e e e e e e 196

* Corresponding author.
E-mail address: concepcion.gonzalez@upm.es (C. Gonzalez-Garcia).

http://dx.doi.org/10.1016/j.compag.2014.07.011
0168-1699/© 2014 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.compag.2014.07.011&domain=pdf
http://dx.doi.org/10.1016/j.compag.2014.07.011
mailto:concepcion.gonzalez@upm.es
http://dx.doi.org/10.1016/j.compag.2014.07.011
http://www.sciencedirect.com/science/journal/01681699
http://www.elsevier.com/locate/compag

192 E. Ayuga-Téllez et al. / Computers and Electronics in Agriculture 108 (2014) 191-199

4, DiSCUSSION. . vttt ettt ettt et e e e e
5. CONCIUSIONS. . .ottt et e

1. Introduction
1.1. Background

Forestry management is based on models of population dynam-
ics which explain or illustrate the evolution of a forest stand under
particular conditions. One of the most common methods used to
support the management of forest stands is what are known as
yield tables, which represent the evolution over time of dasometric
variables according to different cutting regimes and qualities (site
index) in even-aged stands. These tables contain a scenario of mor-
tality and cutting which is generally presented in discrete time
intervals of 5, 10 or 20 years, and track the growth of trees in the
forest stands, together with the successive processes of elimina-
tion. Once the age of a plot or management unit is known, the val-
ues for density, basal area, dominant height, etc., that the stand
should present can be determined by using the information in
these tables. However, it is a complicated task to determine the
age of a forest with accuracy, and if there is no reliable information
available on the age of the forest, the yield tables cannot be applied
directly to the different stands.

According to Matthews (1989), Yorke (1992) and Garfitt (1995)
it is only possible to determine the age of the different groups or
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Fig. 1. (a) Variation, over time, in number of stems, N, and mean height, H, of an
even-aged stand; (b) spatial variation of N and H, over time, of an even-aged stand
with all the ages of (a).

units in a forest for very homogeneous stands such as those in
monospecific reforestation projects, or stands which have been
rendered homogeneous through treatment. If the tree groupings
are of a fixed and controllable size, the growth of existing and
reforested stands may be guided merely by following the yield
tables for this species, site index and type of treatment.

Unfortunately this information not always is easy to obtain.
This is the case when there has been no previous forest manage-
ment plan and the ages of the stands are unknown, and/or the
characteristics of the forest make it impossible to monitor closely
the surface distribution of the different age groups it contains. This
also occurs when are defined units or copses of small size which in
practice they cannot be delimited. These scenarios are frequent
when managing forests where the aim is to increase biodiversity
or landscape value by generating a large number of even-aged,
small-sized units distributed irregularly throughout the space
(Smith et al., 1997; Schiitz, 2002). In these cases management can-
not be guided by yield tables, as these require a precise knowledge
of the ages of the various groups. It is therefore necessary to have a
reference model which is expressed in terms of diameter or height
distribution, and which does not include the age variable. This
model must contain a method of relating number of stems with
size. As well as enabling the definition of the ideal state of the for-
est stand, it must also allow comparison with data from a field
inventory in which the ages of the different areas sampled are
not usually known.

The model defined by Garcia-Abril et al. (1999) fulfils these
requirements and has been partially implemented. The stages of
this model are described in the subsections below.

1.1.1. Conceptual definition of the reference situation

The ideal state of the forest stand, based on the yield table, is
reached when a stand is obtained which is formed by a series of
grid squares of different ages in such a way that all the ages are
equally represented over the area. When this situation is reached,
the temporal evolution shown in the yield table is transformed into
a spatial evolution (Fig. 1(a) and (b)).

1.1.2. Quantitative description of the reference situation

The tree size distribution function is used as a descriptor of the
ideal situation. This distribution establishes number of feet in size
class which should be present in the ideal situation. A stand in
which all the ages are equally represented should have a specific
distribution of trees by size class. This reference curve or “balanced
curve” constitutes the quantitative description of the ideal state to
be achieved.

Generally the size of a tree is studied using the diameter at
breast height (dbh), as it is the easiest variable to measure. How-
ever, for a description of the size of the tree, this variable is analo-
gous to other variables such as height.

1.1.3. Operative management methodology

An important feature of the model is that it does not involve the
need for strict monitoring of the ages of the different groups. The
management objective is not defined for unit based on its age;
the ultimate goal is rather to achieve an overall distribution of sizes
at the stand or forest level which is equal to that of the reference
situation for the same quality. This management model has
the advantage of permitting actions to be implemented when the
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