Queensland the Smart State

ative forest inventory

Forest inventory, along with knowledge of forest principles are essential to develop a forest
management plan, and to justify the silvicultural management prescriptions applied to the forest
for conducting a sustainable forest practice.

Inventory is often the forgotten link between observing the forest and actually measuring the
forest. As we increase our knowledge of forest management we know what prescriptions are
involved with forest management, and ultimately the theoretical timing for such prescriptions.
However the actual timing for forest operations, such as thinning and harvesting, is determined
through a forest inventory. For example, when considering thinning a forest, you would consider
the current stocking rate of the forest (i.e. trees/ha), and the desired optimum spacing. To
determine the current stocking, and the rate at which the trees are to be removed, an inventory is
required. Forest inventory can also help to determine if the current level of timber harvesting is
sustainable. Long term, it will show if there is a decline in tree density, stocking and/or tree size,
and help to determine how long it will take the forest to grow back to the ‘pre harvest’ condition.

Simple forest inventory can be done using a series of random or permanent plots, or both.
Sample plots need to be ‘representative’ of the forest type that the sample is taken from. Many
sample plots are likely to cover the variation that occurs in native forest (i.e. species, spacing,
size classes) and can be representative of the greater forest area and therefore used to estimate
the forest values such as forest stocking rate, wood volumes, tree damage and health.

Plot bias can have a large influence on the inventory results. For example when conducting a
‘harvestable volume'inventory, if the plots are located only in‘better forest' (i.e. taller, straighter,
larger trees) it will lead to the inventory results showing an ‘overestimate’ of the ‘actual’ existing
harvestable volume. Conversely, plot bias toward the ‘poorer forest' (i.e. not many harvestable
stems, short trees, damaged stems) would lead an underestimate of the resource.
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Therefore, to limit bias and increase the accuracy of the results, a few simple principles can be
followed.

Consistency
Randomness
Representativeness
Number of plots
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Consistency

Consistency is important when measuring plots as a consistent approach will ensure that all
measurements (e.g. diameter at breast height, log length, tree health, damage, etc) are taken in

a regular (standardised) manner. Consistency means that data from many plots can be combined
in the inventory and/or compared in the inventory analysis. This consistent approach will be
especially useful when comparing permanent growth plots, pre and post harvest inventories and
one forest to another.

Randomness

Establishing a series of random plots in a forest is a common way of getting an ‘unbiased’
inventory result. As the plots are located on a‘random’basis (i.e. not by visual assessment of the
bush), indeed by their nature they will have an equal chance of being a ‘representative sample’
of the forest. Random plots are easily established and measured. However it can be difficult to
locate the random’sites identified on a map in the bush. A good way of ensuring randomness
of these plots is to identify the distance of the plot from a road or track and the bearing to this
point, and use this to locate the plot in the bush (i.e. plot location is 50 m north off the track at
point x).

Representativeness

While all forests are subtlety different, they can be broadly ‘classed’into the different forest
types by the dominant tree species. Therefore, when considering inventory it is important that a
series of measure plots are completed for each forest type, and these plots are ‘representative’
(i.e. characterise the forest type). The results of the measure plots for each forest type should
only be used in the inventory of the corresponding forest type.

This means that if three forest types are present, a series of measure plots for each forest type
is needed and in effect, a separate inventory for all of these types will be completed and then
complied to be a forest inventory.

Number of plots

The more plots that are established in a forest type, the more accurate the inventory results will
be.This is because the more plots that are measured within a forest type then the more likely
subtle forest changes will be captured and put into the inventory calculations. As a general rule
of thumb, foresters tend to establish plots covering 2% of the total forest area.

Conducting a basic inventory

Common measurements that are used in a forest inventory for trees that are in the plot are;
Diameter at Breast Height (DBH) of individual trees, potential log length of stem, tree height,
basal area and stand height.

While measuring the plot, other details of the trees are recorded such as species and potential
products. Additional details can be taken such as notes on tree damage (from fire, harvesting,
etc; if any), habitat (i.e. active yellow-bellied glider feed tree) crown health and the condition of
the plot that would not otherwise be captured by measurements or recording such as a weed
infestation, recent fire, a high level of seedlings or saplings present.

To conduct an inventory some training should be considered as inventory can be difficult
to do well.



The inventory plot

The inventory plot is simply a sample plot, which generally ranges in size from 0.1 to 1 hectare.
Plots can be a linear (such as a transect), rectangular or circular. The key to plot establishment

is getting the plot area correct, as slight variation in plot size can mean a lot of difference over
the forest. Some examples of plot sizes are given below in figure 1. Generally, all trees in the plot
are measured unless they are smaller than 10 cm DBH. Trees smaller than 10 cm DBH are not
considered to be recruited into the forest therefore are not usually measured as part of a forest
inventory.

Circular plot,
radius =252 m

Rectangular plot,
50mx40m

Figure 1: Three plot configurations, all measuring 2000 m? (1/5 of a ha) in area (not to scale)

Plots can be‘permanently’ marked in the bush with some posts, or simply ‘established’ for the
measure, and then removed. Permanently established plots are particularly good for measuring
growth rates of individual trees, as each tree in the plot can be ‘tagged’and growth increments
measured over time.

Inventory measurements
Diameter at breast height (DBH)

The DBH is perhaps the most common measure in forestry, as it can be used (in combination with
other measures) to indicate forest stocking, growth, volume, distribution, and dominance. DBH is
commonly measured ‘over bark’in the forest using a‘diameter tape’ (a tape that when wrapped
around the circumference of a tree gives a diameter reading) and wrapping this tape around the
tree at breast height (an internationally accepted forestry standard of 1.3 m) and recording the
measurement in centimetres.

Merchantable height

This can be measured using a clinometer (a tool used to measure slope), measuring tape and
trigonometry (see figure 2) or estimated in metres. It is a simple as measuring the distance
from 50cm above the ground up the stem until the first‘appreciable’bend, heavy branch,
defect or crown break. This will be used to calculate a merchantable plot volume and also the
stand volume. It is important to have a basic knowledge of forest products in order to make the
measurements or estimates accurate.




Tree height

Measuring tree height is done using a clinometer and trigonometry, the height is measured to
the highest growing point on the tree as seen in figure 2. The most practical way to measure
height is to take the measurements in the bush and then calculate height in the office. Mature
tree height is an indicator of the forest site productivity. Measuring tree height for every

tree in the plot is not necessary if the ‘potential log length’for the trees has been measured.
Measurement of ‘potential log length; rather than actual tree height is the most accurate way

to measure wood volume. However measuring the height of a mature, or several mature trees in
the plot will give an indication of the potential productivity of the site, which can be particularly
useful in determining productive potential of any forest.

H=d[(tan(At)+tan(-Ab)]
Where: H=height (m)
d =distance (m)
At = angle to top of tree or potential log (degrees)
Ab = angle to bottom (degrees)
(hint: be sure that the calculator, or computer program is set to the‘Degrees’setting, if it is
set on’Radians’ or‘Grads; the height given will be incorrect)

Figure 2: Calculating tree height/potential log length using trigonometry

Damage

Damage should be assessed/noted when conducting an inventory. This can be a‘formal’
assessment of individual trees such as using an assessment ‘rating’ or ‘scoring’ system

(i.e. 1-5), or just‘noted’ against individual trees. A rating or scoring system, particularly if it

has been recorded on paper will result in a more consistent assessment of trees, which may be
useful when comparing various sites.’Noting’damage on a plot or individual trees is also very
useful, for example if a tree is noted to have a heavy mistletoe infestation and is dying, it can

be noted in order to give a clearer picture of what is happening across the forest. Noting is also
useful on a‘general plot’ or‘whole of plot’level; common ‘general plot’damage could be caused
from fire, or poor harvesting practice.

Crown health

Crown health is a particularly important measurement if health or growth information is being
gathered as an objective of the inventory. Crown health has been strongly linked to tree growth,
the better the crown the better the growth. Crowns are usually assessed against a rating or
scoring standard for consistency purposes.

Species

While tree species may seem obvious, it will give one of the most useful measures in the
inventory. Species composition of the plot will give a snap shot of what the forest is currently
comprised of. This is particularly important when monitoring the influences of silvicultural
treatment on forest composition over time, or ‘natural’ forest dynamics.

Other‘features’

Other forest ‘features’ can be noted when conducting an inventory such as a‘habitat tree’a ‘feed
tree, weeds, regeneration (or lack of), fuel loads, and feral animal damage.
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Basal area

Basal area is an important measure of tree stocking; it gives the area that the stems of the trees
cover over the given area, usually a hectare. Many stocking rates, and indeed optimal growth
densities are expressed as basal area, and often harvesting is based on a‘basal area’ reduction
rate (i.e. a per cent). However, measuring this separately in a plot is not required as basal area
can be calculated from the DBH plot data.

Individual tree basal area calculation

TBA=[{(dbh/100)/2}]1T
Where TBA=tree basal area m?
dbh= Diameter at breast height (over bark) (cm)

Using inventory plot data

The purpose of gathering inventory data is to get a‘snap shot’ of the forest details at that point in
time. The objective of conducting the inventory will govern the use of the data, however, the data
needs to be collated, calculations done and then extrapolated over the forest type in which the
plots were measured, and then combining all the forest types for a whole of forest picture.

Sorting the inventory results into their related forest types and accurately mapping the similar
forest types present is vital to meaningful inventory information.

Before the inventory data can be used, it is necessary to calculate values such as height, basal area,
and volume, firstly for individual trees, then for the plot and then extrapolated to a per hectare
basis. The per hectare results for all the plots in the forest types should be averaged and then
extrapolated across the area of that forest type as mapped. Other‘measurements’can also be
extrapolated on a per hectare basis such as damage, habitat, species and the total number of trees.

This will then give an indication of the stocking of the forest (from both basal area and tree
numbers), forest volume, species composition and forest condition. The inventory results

are a good decision support tool as it will identify if the forest is in need of thinning, lacking
recruitment, lacking habitat, has a‘harvestable’volume component, is excessively damaged or
in need of some silviculture.

Further readings

West P, 2004. Tree and Forest Measurement’ Springer-Verlag, Berlin Germany.

Abed, T & Stephens, NC 2003. Tree measurement manual for farm foresters. Second edition,
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