FOR 474: Forest Inventory Techniques
? : ] ey

La

{ easy to measure things like DBH

&l If we can make a relationship between the easy and hard-to-
measure varlables we can estlmate the hard variables.

When we use '[hIS process to estimate the population mean
and totals of the hard variables this is called Double Sampling.

4| Updating Timber Crmses Re-measure a sample of the plots
i}l used in the original cruise and calculate relationship between

Improving Photo-based Timber Cruises: As photo
assessments are fast, cheap, and cover large areas, establish
relationship between photo and ground cruise.

without felling the trees. Relationships between cone count on a
i.| cone-bearing branch and total cone count are often used.

Source: Johnson p811




We have a large sample of easy-to measure primary
¥ variable - say DBH - of size n,

We have a smaller sub-sample of the hard-to-measure
| secondary variable — say maximum tree heights - of size ng

|| To produce an unbiased estimate of tree height at any
DBH, the regression between DBH and height using the
smaller sample n, can be calculated.

P?ntp = Pt bifn‘p_fns:l‘

Height mean = height sample mean + slope *
(sample mean for large sample — sample mean
for smaller sub-sample)

Estimate of Population Variance:
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C, = cost of Iocatmg and evaluating 1 sample unit of
the smaller secondary sample (ny)

C, = cost of locating and evaluating 1 sample unit of
the large primary sample (n,)

Cg = Cost Function = (ng*Cy)+ (n,*C)

= Estimated variance about the regression

= Covariance
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g Cluster Sampling

What is Cluster Sampling?
Why do we use it?
How to do we use it?

* How effective is this method?

Example: Assume in this forest we want to quantlfy
the board feet of all PIPO >15" DBH

Problems:

- Many many trees will meet this requirement

- These trees will likely be widely and irregularly
dispersed

It will not be practical to develop a sampling protocol
where each PIPO is a sampling unit

Timber estimation is rarely done with the |nd|V|duaI
tree as the sampling unit.

This is why Plots are used.




Cluster Sampling: What is it?
In many cases sampling units will be
selected in groups or clusters.

Again the simple example is the use of plots,
as measuring trees (as the sampling unit)

= | We can describe the trees within a plot as
| forming a cluster, where their volumes are
aggregated into a single variable

One example of cluster sampling is
systematic sampling

Q In a similar manner, due to access and time
restrictions, we may want to select plot groups:
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Example: How could we estimate all the heights of i
trees in a plantation, when we have no tree-list? %‘1
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Cluster Sampling: Why do we use it?
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ng: An Efficient Alternative?
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In cluster sampling we instead measure all
« | the trees in a row (or plot)

|| - We can select random sample of rows
- We measure all heights within those
sample rows

In this case:

trees = element
rows = cluster

Cluster sampling is more efficient than
simple random sampling for plantations!
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b Cluster Sampling: Other Applications
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| Seedling mortality in a nursery: |
| - What is the Cluster and What is the Element?
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‘Cluster Sampling: Other Applications

|Germination percentage of a batch of seed:

An additional advantage of
using cluster sampling is to
prevent you losing an entire
stock of seed to disease or
.| mistakes (i.e. not putting all
your eggs in one basket)

Cluster Sampling: Why do we use it?

In general, we use cluster sampling when:

w+ * The forest (or any population) is very large
« The sampling units are widely dispersed
« It is nearly impossible to locate those units
* When the time and cost associated with travel between
{ sampling units get too large

£ | Are these good reasons? i.e. What is the most important
g | thing when doing a forest inventory?

Credibility!

™ People have to trust your estimates and your quoted
&8 errors; regardless of the terrain that the inventory has to
be collected on.

Avery and Burkhart: “cluster sampling gives you more
information per unit cost than simple random sampling”




Cluster Sampling: How do we do it?
The two general rules to produce a cluster
sampling design include:

1. Maximize the Cluster Variability
2. Keep cluster elements close, while retaining a
representative sample
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Examples of elements within a cluster include:

1. Trees in plots
- | 2. Students within classrooms

3. Sawed logs in a day
— -

TAONRAW Section 24

Cluster Sampling: Maximize the Cluster Variability

In all sampling methods our goal is to produce an
estimate of an inventory where the SE of the
mean is as low as possible.

To do this: the individual sampling units should
contain as much variability as possible - large
| plots that cover large areas

In clusters: we seek to include as much of the
| variability within each cluster to minimize the
variability across the clusters
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This is the opposite goal of stratification!!!

When we stratify we seek to produce homogenous areas
..from which we then select samples

Cluster Sampling: Maximize the Cluster Variabili
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In the plot example:

Our goal is to measure elements (trees) across
the range of characteristics such that there is
more variance within a plot than between plots.




Cluster Sampling: Keep Elements Close
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3 & i |
A goal of most forest inventory sampling

i travel time
T

% | If the clusters are close together, they are more likely to
= | sample similar areas with lower the variability?

Cluster Sampling: What Types Exist
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In cluster sampling, we divide the whole
population into subsets.

These subgroups are often called primary
clusters.

designs
is that the selected design should be efficient (and

worthwhile) in terms of cost, access, and effort

4 To do this: Keep cluster elements close to reduce




Cluster Sampling: Si

ngle-Stage

In single-stage cluster sampling we divide the
population into the primary subgroups.
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| Notes:

| » Clusters can be any shape and in any

| configuration

= | « Selection of a cluster type is dependant on the
| management objective

Cluster Sampling: Two-Stage

When we use both the primary and secondary
subgroups we call this two-stage sampling, or
cluster sampling with sub sampling

3+ stage sampling is rarely used
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Cluster Sampling: Two-Stage

This plantation (or equally nursery) case can be
made into an example of Two-Stage sampling:

1. Take a simple random sample of clusters
(rows)

2. Take a simple random sample of elements

(trees or plots on say a grid)




Cluster Sampling: More Confusing Letters
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What the Letters Mean in Cluster Sampling

N = number of clusters in population
M = number of elements in population

n = number of cluster selected by simple
random sampling

: E = average sample cluster size
1| M = average population cluster size
e = T
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Cluster Sampling: Calculating the Mean

Example: Assess how many seedlings are alive (each
cluster can have 100 possible alive)

Cluster 1 2 3 4 5 Total
Seedlings 68 79 82 91 84 404

p (mean mortality %) = > (seedlings) / #clusters
=404 /5
= 80.8%

Cluster Sampling: Calculating the Variance

Example: Assess how many seedlings are alive (each
cluster can have 100 possible alive)

Cluster 1 2 3 4 5 Total
Seedlings 68 79 82 91 84 404

s2=[(682 + 792 +822+ 912 +842) - (404)?/5]/ 4
=70.7
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Cluster Sampling: Calculating the Standard Error

Symbols: n = number of clusters sampled, N = total number
of clusters possible

Cluster 1 2 3 4 5 Total
Seedlings 68 79 82 91 84 404

SE = V[s2/n &=4=a#N3} ignore finite population correction
= V[70.7/5]
= 3.76
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