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Introduction

Density based sampling is often considered attractive. For example, variable ra-
dius plot (VRP) sampling is popular because it avoids the excessive sampling of small
trees. We show here that the procedure of using plots in the field to obtain a fixed
number of trees per plot is undesirable since it unnecessarily violates some key issues
regarding probabilistic sampling. The fact that it may have small bias in some simu-
lation studies does not prove that it is a satisfactory procedure since realistic situations
can invariably be found or constructed where bias will be serious.

Review of Literature

Jonsson and others (1992) propose selecting a fixed number of trees at each pri-
mary sampling unit so that each tree has a different probability of selection. Using the
unbiased Horvitz-Thompson estimator requires knowledge of the actual probabilities
of selection of the sample trees. However, these can only be approximated unless the
locations of all trees are known. This is clearly not practical; even then it would be
cumbersome to calculate those probabilities. They approximate the probabilities of
selection of the trees in a given plot by dividing the n trees selected by the local tree
density. They state that the proposed estimator is then approximately unbiased if the
variable of interest is spatially independent of the local tree densities.

Lessard and others (1995) compare this n-tree distance sampling to fixed and vari-
able radius plot sampling in estimating basal area per acre. They conclude that
variations of n-tree sampling, especially 3-tree sampling, are more biased and more
variable than fixed and variable radius plot sampling in all stands examined. They
consider n-tree sampling to be fast and cost-competitive for estimating basal area and
density and have the advantage of being able to provide estimates of spatial pattern
parameters because distance measurements to trees is an integral part of n-tree dis-
tance sampling. Lessard and others (2002) compared n-tree distance sampling with
fixed-radius plot sampling for estimating number of trees per ha. They show that n-
tree distance based sampling estimators are at least as precise as those for plot sampling
generally for both random and clustered forests, provided that the fixed radius plot
size is less than the ratio of (n-2) and less than the expected density where n is the
number of trees included at an n-tree location. They do not break out bias of the esti-
mators in this study.

Lynch and Rusydi (1999) compared n-tree sampling with some other sampling tech-
niques and found that the n-tree sampling underestimated both volume and density
in the plantations sampled in Indonesia.
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where iy is the attribute of interest and iπ is the first order inclusion probability.
The variance is given by:
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Unbiased variance estimators are:
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(Schreuder and others 1993).

Methods

If the estimated probabilities of selection of trees are *
iπ , ( 1,... )i N= with N the

number of trees in the population, then

with bias:

*

1

(1 / ) .
N

i i i
i

Bias yπ π
=

= −∑  Thus, the degree of bias of the estimator depends on how

well we estimate iπ , the true probabilities of selection for the trees.

Specific situations:
Assume that we have a grid sample of n locations imposed on the population of
interest and that we have a consistent bias in the sense that in the top and
bottom half of the population, respectively, the 

iπ (i=1…N) are over- and
underestimated by 10 percent. Then we have:
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Hence the bias is 
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It is easy to construct realistic cases where estimating πi by πi
* can be seriously in error.

See figure 1 for an example.
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Figure 1—An illustration of a possible scenario with
numbered tree locations, where probabilities of
selection will be seriously underestimated.
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Specific situations: 
Assume that we have a grid sample of n locations imposed on the population of 
interest and that we have a consistent bias in the sense that in the top and 
bottom half of the population, respectively, the xi (i=l.. .N) are over- and 
underestimated by 10 percent. Then we have: 
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Hence the bias is 0.1 yi / 0.9 - yi / 1.1 . Clearly this bias can be quite serious. 
i=l 

It is easy to construct realistic cases where estimating ni by nl* can be seriously in error. 
See figure 1 for an example. 

Figure I-An illustration of a possible scenario with 
numbered tree locations, where probabilities of 
selection wjil be seriously underestimated. 
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In this example for n=5, tree 1 will be selected for any sample location falling in the
rectangle. Hence πi =1 and πi

* will never be close to 1 for this tree for any sample falling
in the rectangle.

The following illustrates another problem with fixed number of trees per plot sam-
pling: Assume that a plot location falls in part (a) and another in part (b) (figure 2). For
n=5, plot size for (a) will obviously be much smaller than for (b) and measuring plot
size for (b) would take time.

Sample location (a):

Sample location (b):

What are we gaining by this approach relative to a fixed area plot sample? Clearly in
the latter case we would have several samples with 1 or even 0 trees in it. Certainly it is
easier to obtain the information required for the fixed area plots. Are we gaining in infor-
mation with the fixed number of tree plots? It is not clear that we are unless we are talking
about variables keyed to specific trees requiring a large or guaranteed number of sample
trees. If distances to trees are required, they could easily be measured with either the fixed
or variable radius plots.

Conclusions

Using designs with fixed number of tree plot sampling can be dangerous. The method is
biased and can be hard to implement in practice. In addition it is not fulfilling a need that
cannot be met by traditional sampling designs.
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Figure 2—An illustration of
a possible scenario with
widely varying plot sizes.
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