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Foreword

Standardised high quality measurements are a critically important component of

forest research. Where forests are geographically diverse and where, over time, a

large number of different staff are involved in measurement and methods,

measurements practices can change. In order to both standardise practices and to

limit changes to the standards procedures, a methods manual is needed in a

format for use in the field, able to be modified if necessary, readily understood

and uniformly interpreted by users. To fulfil these requirements, a working team

was brought together from within Research Division of State Forests, comprising:

Darrel Johnson Northern Research

Vic lurskis Southern Research

Warwick Moore Southern Research

leff Whiting Tablelands Research

In addition, advice was provided by Chris Brack*, Forest Planning and
Environment Division, Huiquan Bi, Silviculture Section, Forest Research Division

and Mark Burgman, School of Forestry, the University of Melbourne. Overall, this

team has brought a high degree of both practical experience and theoretical
knowledge to the project. Formulation, development and preparation of the

manual were undertaken by Nigel Turvey of FORTECH with illustrations provided

by Patrick Campbell. Layout and design was done by ANUTECH Pty Ltd.

While the original objective of developing the manual was primarily for the

benefit of the Research Division, it was recognised during its development that
there is a wider audience both within State Forests and for students, and hence

the format has been broadened. The manual will be revised as required in light of

requirements that arise as a result of usage or factors such as technical changes.

Please contact the Research Division (02) 872 0187 with any comments on areas

that require modification or addition.

JOHN TURNER
Director Research

6 March 1995

* Or Brack is now with ANU Forestry Department.
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, . The purpose of this manual

To be a reference for standard methods and precision of

measurement.

To be a resource for training staff in using the
measurement standards.

1

• • • • • • • • • • • • • 1
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2 ii Why plots are established and trees
measured

2. 1 Why plots are established

Plots are established to define an area in which measurements can be made.

The plot is important because it marks the area within which a sample is taken.

Samples taken within a plot can be samples of tree size and shape, soil samples,

or vegetation samples. The plot must be located and measured accurately, and

the samples (measurements or physical samples) must be taken carefully because

this small area will be used to represent a much larger area. If mistakes are made

in setting out the plot or sampling inside the plot, these errors are magnified many

times when the sample is used to make decisions about a much larger area.

2.1
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2.2 Who wants the information

Inventory Plots

Inventory plots are temporary plots which are used to sample the timber standing

in the forest. Measurements from inventory plots are used to provide mangers
with estimates of how much wood there is in the forest. This information is used
for harvesting plans, to plan timber sales, and assistthe sawmilling and timber

processing industries to plan their activities.

The expectations and economic future of many people hang on the accurate

establishment and measurement of inventory plots.

Permanent Growth Plots

Permanent growth plots are used to get information about how trees grow. This
information is used to make better estimates of tree growth and the development

of trees in a stand. The plots are established as permanent plots so that they can

be found again in the stand, and the growth of individual trees can be followed.

The information from permanent growth plots is used to predict the growth
of the stands. The stand information comes in turn from the inventory plots.

Research Plots

Research plots are established for a wide range of special purposes including:

• soils and nutrition research, eg fertiliser use, effluent disposal, soil treatments

• tree breeding research, eg species testing and breeding selected trees

• silviculture research, eg weed control, thinning regimes

• hydrology research, eg water runoff and erosion

• pest and disease research, eg monitoring spread of diseases, measuring insect
damage

• forest ecology research, eg leaf fall and decay, composition of understorey
vegetation, fire effects, habitat assessment

• assessment of wood quality properties

2.2
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Research plots will be found in both native forest and plantations. They can be
found on good sites and very poor sites. Research is an expensive activity and
information must be gained from the field. Research plots are an indication of
this activity, and the plots are a very valuable part of the research resource. They
are expensive to establish, and they will be linked to work going on in other areas
and possibly in laboratories.

Research plots are used to solve problems and to test new ideas. They are
very valuable and have a lot of money and effort invested in them. They
must be established accurately, maintained well, and protected from loss or
damage

•••••••••••••
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3. Accuracyprecision and error

The three words accuracy, precision and error are important. If you

understand them, you understand what you are doing when you measure,
and the reasons for standards.

The following problem should help you to understand what you are doing when
you measure something.

'e
Someone has cut down a tree and cut its top off. You have to measure the length
of the log lying on the ground. You will get out a tape measure and try to find the

length of the log. But the harder you try to define the length of the log, the more
problems you will find in deciding what its length is.

3
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The log has an actual length
which is unknown and which

you are trying to measure.

When you use the tape measure you make a single measurement and record the

length of the log. If you measure it again you will get a slightly different

measurement. If you change the tape for a measuring chain you will get another
measurement. If someone else comes along to measure the log they will also get

a slightly different measurement. If all the measurements are put together and

averaged you will get an approximate log length together with an estimate of the
errors which were found in the
measurements.
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3

Over time, with better measuring equipment, and with better experience the
approximate length will get closer to the actual, but unknown, length of the log.

So it is not possible to define the actual length of the log. But this is not an
excuse for poor measurement technique; your task is to estimate the length of the

log as accurately as possible by using a measurement tape.

This sort of example may seem stupid and irrelevant to the person who has to

make the measurement, but it is fundamental to understanding what you are
trying to do when you use a measuring instrument. Measuring equipment can be

used to make accurate or exact measurements. Measurement is done to a level

of precision which allows for the errors which are part of the technique and

equipment.

The terms accurate, precise and exact are often used interchangeably. In this

manual we mean the following:

accuracy: obtaining as true a measurement of the object as possible.

precision: the degree to which a measurement is repeatable, reflected in
units of measurement which are reported
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3. 1 Accuracy
I

Accuracy is the quality of the measurement and is not usually defined in

numbers; it is as true a measurement of the object as possible.

An accurate measurement is the result of the combination of:

• appropriate and well calibrated equipment

• minimised errors of measurement

• trained personnel

• multiple measurements

Provided that the method of measurement is not biased, if the measurement is

repeated, the more accurate the estimated measurement will be. If you use only
one measurement you may feel happier and work more quickly, but you are only

hiding the problem.

When a ~easurement is accurate, it is an unbiased estimate of the true value.

The examples below show how accuracy precision can vary.

{

.\IL.:~_
3.1
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3.2 Precision

There are three types of precision:

• theoretical precision: precision which is justified on theoretical grounds; eg

the internal angles in a triangle theoretically add up to exactly 180°.

• required precision: precision of the measurement for a particular purpose; eg
the precision required when machining two metal parts so they can fit

together.

• achievable precision: precision of the measurement which can actually be
achieved from the measurement equipment. This achievable precision is
shown in the number of decimal places reported in the measurement, and this

is the type of precision referred to in this manual.

The precision of the measurement is the number of units that can be

reasonably reported from the measurement.

Precision generally refers to the numerals after the decimal place in a

measurement;

more numerals =greater precision.

Note that in some cases the best precision obtainable may be reported in whole

numbers, not decimals; this depends on the units reported and the object being
measured. For example, if you measure with a tape that is marked in tenths of

metre (0.1 m), the precision cannot be smaller than this (eg 0.01 m).

False precision is reporting more numerals than the method or the equipment

will allow.

The tolerance of the measurement is the amount of freedom around the

measurement.

The following examples show how the definitions are used:

Actual log length:
Measured log length:

Precision of measurement:
Reported measurement:
Tolerance of measurement:

STATE FORESTS OF NEW SOUTH WALES
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5.459 m (the calculated mean of 5 accurate

measurements)
0.01 m
5.46 m
5.45 - 5.47 m (5.46±0.01)
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3.3 Errors

Errors arise in five ways:

instrumental error which is caused by the performance of the measuring

equipment; eg knot in a measuring tape

accidental error which can be caused through human mistakes;

eg misreading a scale

gross error caused by carelessness of the observer or wrong measuring
procedures; eg measuring a 15m tree with a ruler

systematic error which can be caused by a problem in calibration which

affects all measurements; eg there is a knot in the
measuring tape

random error from sources which have not been identified; eg the log

shrinks and swells, but this has not been taken into account

Equipment which can measure accurately can provide gross errors if it is difficult

to use and the person is not trained.

The measurement must also take into account changes in the object which is
being measured. For example, the log which is lying on the ground will change
in size as it dries out. Also, when you measure trees in a plot you think they are
static, but of course the tree is actually growing at the same time the 3.3
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• the sources of error are taken into account.

•••••
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Errors may have a cumulative effect. If you make an error in measuring diameter,

and also make an error in measuring height, the calculated tree volume will be

very inaccurate because the errors will have been multiplied together.

measurement is being made. This may not seem important most of the time, but
if a young pine or young eucalypt tree on a fertile site is growing at 20 mm/day in

height and it takes 5 days to measure the experiment, the trees in the first plot

measured will be underestimated by 0.1 m when compared to the trees in the last
plot measured. This error is also affected by different growth rates across different

plots in the trial. In this case the trees are measured accurately, but an error is

caused by the way in which the plots are measured and the timetaken to make

the accurate measurements. This means that the measurement exercise must be

well planned to minimise such errors.

• the person using the equipment has been trained,

• the equipment is appropriate,

The measurement will be valid and reliable and accurate if:
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4" Use, calibration and maintenance of
measurement equipment

All equipment used in measurement should be maintained in a good
working order and should be calibrated regularly against a known standard.

4
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4.1 Fibreglass tape

.What is it used for

Fibreglass tapes are generally 30 m or 50 m long. They are used to measure
distances eg for the sides or the radius of plots.

How to use it

When using a fibreglass tape you must be careful to make sure that the tape runs
freely and does not have a knot or a twist in it.

Make sure of the starting point (zero point) on your tape; this may be at the
very end of the metal loop on the tape, or it may be actually marked on the
start of the fabric of the tape. Make sure of where zero is before using the tape.

Calibration

Fibreglass tapes tend to stretch a little over time and should be checked against a
known standard length. Ifthe tape varies from the standard by more than 5 mm
over 50 m it should be discarded.

Maintenance

Tapes must be inspected daily to ensure that:

1. there are no knots in the tape

2. the tape is not frayed along the edge

3. the folding metal tag on the end of the tape is intact (this is sometimes part of
the measured length of the tape)

4. the tape is clean and can be read

5. the tape spools freely

If the tape fails any of the above inspection points a new tape should be used,
and the damaged tape should be repaired or be discarded. 4.1
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4.2 Hip chain

What is it used for

A hip chain is an instrument for measuring approximate distances; it is worn on
the belt of the user. It contains a thread which is paid-out from the reel as the

wearer walks along; a meter records the amount of thread paid-out, and hence
the distance that the wearer has walked. This instrument is used to set

approximate distance in rough terrain which can then be measured more

accurately with a fibreglass tape.

How to use it

The thread should be tied to the start of the line to be measured and the meter set
to zero. The wearer then walks to the end of the traverse making sure that the

thread does not break, and reads the distance recorded on the meter at the end of
the traverse.

Calibration

This is not an accurate instrument; it is used as a preliminary measurement of
distance. It does not require accurate calibration.

Maintenance

The hip chain should be stored dry and clean; debris should be cleaned out of

the box. The meter should be checked to make sure that the thread runs freely

around the meter spool without slippage.

4.2
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4.3 Diameter tape

DIAME'r'E"tl.. ~"AI..S: 0";
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What is it used for

A diameter tape is a tape measure that you wrap around the circumference of a
tree; the scale printed on the tape converts the circumference into diameter.

How to use it

Most diameter tapes have a scale on each side of the tape. One is a diameter

scale and is denoted by the 1t symbol on the scale. The other scale is a normal

metric measuring scale. Be careful to read from the correct scale on the tape.

The diameter tape should be wrapped around the trunk of the tree and pulled
taut. Check that the tape is horizontal and that the diameter scale is facing

outwards. The start of the tape has a blank lead on it; this allows you to overlap
the tape and place the zero mark against the tape as it wraps around the tree.
Read the diameter scale opposite the zero mark on the tape.

When using diameter tapes:

• make sure you use the side marked with 1t

• make sure you measure from the zero point marked on the tape

Calibration

No calibration is required for metal diameter tapes provided they pass a maintenance
inspection. 4.3
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Tapes must be checked to ensure:

If the tape is damaged, it should be placed aside for repair or discarded; it should
not be placed back in the store.

Maintenance

Diameter tapes should be extended and wiped clean and dry at the end of each day's
measurement.

•
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1. there are no kinks in the tape

2. the metal end tag is intact

3. the tape is free from dirt

4. the printed scale is readable and is not damaged

5. the tape reels freely

If the tape passes inspection it should be placed in the store for future use.
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4.4 Height sticks

e · What are they used for

Height sticks are sticks of known length which are used to measure the height of

the tree. Height sticks come in two main types:

• segmented height sticks: single sticks which are joined together and pushed up
the tree; they are generally made of aluminium, but may also be fibreglass

• telescopic height sticks: sticks which nest inside each other and are already

joined together so that they slide out of each other and click into place; they
are generally made offibreglass

Height sticks can be used to measure trees up to a maximum of 15 rn in height.

How to use them

Height sticks are easy to use, but errors are easy to make. The main errors come
from: (a) not viewing the top of the tree and the height sticks as they are pushed

up to the top of the tree and (b) miscounting the number of poles used. An
observer must stand where the top of the tree can be clearly seen so that the

person using the height sticks knows when the top of the tree is reached.

The observer should stand about the height of the tree away from the base of the

tree in a position where the top of the crown can be seen clearly. If the observer
stands at the base of the tree being measured, the angle of view is too wide to see

if the poles are at the top of the tree. This problem can be reduced by decreasing

the angle of view by the observer moving further away from the base of the tree.

Accurate use of height sticks relies on a person who stands well to one side
of the tree to clearly see the top of the poles and the top of the tree.

4.4( 1)
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• Segmented height sticks must be used by trained technicians.

• Don't use height sticks in a strong breeze or windy conditions

• Loose sticks can cause serious injury if they fall out of the tree.

STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59

Segmented height sticks

Segmented height sticks, made up of single sticks which have to be joined

together, have been the traditional method of measuring tree height. These e
sticks can be made of aluminium or fibreglass with brass ends.

• Technicians must keep constantly aware for falling sticks which
may have become uncoupled in the tree.

Telescopic height sticks

Telescopic height sticks are nested inside each other and click into place as
they are slid out. Some telescopic poles can be extended to 15m in length.
When fully extended the pole is difficult to control and the user can injure
themselves trying to control the pole.

For safety reasons, telescopic height poles should be pulled down to a
manageable length when moving between trees.

Height sticks are deceptively easy to use, but they can be very dangerous if
used by untrained technicians. For safety reasons it is very important that
technicians are trained in the use of height sticks.

Segmented height sticks should lock together when they are joined and
pushed up the tree. Some sets of segmented height sticks join together
without a lock; they fit into one another and are held by friction. Height
sticks which are not locked together are dangerous because they can
become uncoupled in the tree, and can fall like a spear 15 m to the ground
causing serious injury. Light-weight aluminium sticks which do not lock
together are particularly dangerous to use because they can easily become
uncoupled in the tree.
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Calibration

No calibration is required for height sticks provided they pass a maintenance
inspection.

Maintenance

Telescopic height sticks:

The height stick should be fully extended for maintenance.

Check each section to make sure that it opens fully and latches into place.

Check the measurement markings on the shaft to make sure that they are

readable.

The fibreglass shaft should be wiped clean.

Buttons on the couplings should be washed clean with a mild detergent.

Keep oil and grease off the shaft because if it becomes greased or oily it will
be dangerous to handle.

Height sticks should be kept dry and clean in their carry bag whilst
travelling and in the store.

Segmented height sticks:

Check the coupling on each height stick to make surethat they are clean and
couple freely.

Clean out any soil or debris in the ends of the sticks.

Check the readability of the markings on each segment.

Height sticks should be kept dry and clean in their carry bag whilst
travelling and in the store.

4.4(2)
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4.5 Suunto clinometer

What is it used for

The Suunto clinometer is used to measure slope; it can also be used to measure

the heights of trees. It is best used for trees more than 10 m in height. Height
sticks are better for trees below 10 m in height.

There are several Suunto instruments which all have similar casing and look the
same. The model code for the instrument can be found on the face of the wheel
just below the central pivot point.

The scales which can be seen through the eyepiece are identified by labels at the

end of the scale. The label for the scale can be found as follows: look through

the eyepiece and tip the instrument up into the air until you can see the end of
the scale; here you will find labels for the left and the right hand scales.

Suunto instruments (made in Finland) include:

1. Suunto clinometer which measures angles in degrees on the face of the wheel,
and angles in degrees and percent through the eyepiece. Example of model
number: PM-5/360PC.

2. Suunto height meter/clinometer which measures angles in degrees on the face
of the wheel, and angles and heights through the eyepiece. The heights seen
through the eyepiece are to be read a set distance from the tree. The distance

to be used is written on the face of the wheel, at the end of the scale, and is

the last two digits of the model number. Example of model number: PM-5/20.

3. Suunto height meter/clinometer which measures angles in degrees on the face
of the wheel and also measures heights through the eyepiece from set
distances of 15 m or 20 m (or other set distances shown on the face of the
wheel and at the ends of the scales). The set distances are the last two digits of
the model number. Example of model number: PM-5/1520. 4.5(1)
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Normally, the base of the tree will be below eye level. In these cases, the height

of the tree is measured in two parts, firstly above eye level and secondly below

eye level and these two heights added together.

Suunto instruments are deceptively similar.

look at the scale to make sure you have the right Suunto instrument before
leaving the office.

STATE FORESTS OF NEW SOUTH WALES
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Suunto clinometer

This intrument has both degree and

percent scales which look like this

through the eyepiece. Df~(\EtS

Note: all methods of estimating heights using clinometers are accurate only when
the HORIZONTAL distance from the observer's eye to the tree can be measured.

See section 5 for appropriate methods when the horizontal distance cannot be

measured.

4. Suunto height meter/clinometer with built in prismatic range finder. Similar to
the instrument above (3), but with a built-in range finder. Example of model

number: PM-5/1520P.

5. Suunto magnetic compass. Example of model number: KB-14/360R.

Rangefinder sights on the instrument will allow the horizontal distance to the tree

to be measured. If sights are not fitted, the horizontal distance must be measured
with a fibreglass tape. The distance must not be paced because this will give

unacceptable errors. If the distance from the observer to the tree is not measured

horizontally, the observer will stand too near the tree and the height will be

overestimated.

How to use it

Height is calculated by measuring the horizontal distance you are from the tree,

and then calculating the height of the tree from the angles measured from where

you are standing. The methods and problems in measuring height are explained

in more detail in section 5.2.
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If you are using the clinometer which measures only in degrees and percent,
you will have to convert the angle to a height measurement using
trigonometry.

1. Using a fibreglass tape, measure the horizontal distance in metres from
the tree to the observer who is using the Suunto.

2. Using the Suunto and keeping both eyes'open, sight to the top of the tree

and read the angle through the eyepiece; this will be the angle or slope a,.

3. Using the Suunto and keeping both eyes open, sight to the base of the

treeand read the angle through the eyepiece; this will be the angle or slope a
2

•

4. See Section 5.2 for the method of calculating height.

Suunto height meter/clinometer

This instrument makes the trigonometry simple. If you are standing at a set
distance from the tree, the angle between the observer and the top of the

tree is converted directly into a height scale on the instrument.

1. Using a fibreglass tape, measure the horizontal distance in metres from
the tree to the observer who is using the Suunto. This distance should be

the same as that used on the Suunto scale, normally 15 m or 20 m.

2. Using the Suunto and keeping both eyes open, sight to the top of the tree

and read the height through the eyepiece making sure to read off the
correct scale; this will be the height al.

3. Using the Suunto and keeping both eyes open, sight to the base of the

tree and read the height through the eyepiece; this will be the height a
2

•

4. See Section 5.2 for the method of calculating height

Suunto h~ight meter/clinometer with range finder

This instrument makes the trigonometry simple, but also makes measuring
distances simple. It is a useful instrument for a technician working alone,

because no one is required to hold the end of the fibreglass measuring tape.

1. Decide on a distance scale to use eg 15 m or 20 m, unfold the range

finder target provided with the instrument and hang it on the tree at eye

level so that the white zero mark and the 15 m or 20 m (or alternative)

white marks can be seen clearly from a distance.

2. Hold the Suunto in front of you with the wheel facing towards you, and
the rangefinder eyepiece at the top left of the instrument.

3. Look through the rangefinder eyepiece and sight on to the target. A split
image of the target will be seen through the eyepiece with a lower image 4.5(2)
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6. See Section 5.2 for the method of calculating height.

The wheel mounting has been known to slip in the aluminium block of the
instrument. It is useful to periodically check zero on the instrument as follows:

If a large bubble develops in the instrument it will interfere with the operation of

the wheel, and the instrument should be discarded; it cannot readily be repaired.

STATE FORESTS OF NEW SOUTH WALES
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overlying an upper image. The correct distance away from the target will

be when the white mark on the top of the lower image coincides with the
lower white mark (15 m or 20 m) on the upper image.
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4. Using the Suunto and keeping both eyes open, sight to the top of the tree

and read the height through the clinometer eyepiece making sure to read

off the correct scale; this will be the height al'

5. Using the Suunto and keeping both eyes open, sight to the base of the
tree and read the height through the clinometer eyepiece; this will be the

height a
2

•

Maintenance

The Suunto should be kept clean and stored in its pouch. No maintenance can

be performed by field staff.

1. Place the Suunto clinometer on a good quality spirit level with the wheel of

the instrument facing towards you.

2. Lift one end of the spirit level until it is horizontal as shown by the central

bubble. The central zero point on the wheel should now be aligned with the

black line on the plastic face of the instrument.

3. If the instrument does not zero correctly, have another technician check your

calibration. If you both agree that the instrument will not zero, it should be

discarded; it cannot readily be repaired.

Calibration

A reference height such as a telegraph pole should be established near the main

office. This should be used to check instruments before use, and can also be

used to train new field staff.



4.6 Haga altimeter

What is it used for

The Haga altimeter is used to measure the heights of trees. It is best used for trees

more than 10 m in height. Height sticks are better for trees below 10 m in height.

The Haga altimeter is a pistol-shaped instrument with sights on the top of the
instrument and height scales on the side. There are several models of Haga

altimeters with different height scales. Haga altimeters can also be purchased
with in-built range-finders.

How to use it

First decide on a sighting distance from the tree by changing the scale in the
window of the instrument. The scale is changed by turning the wheel on the

front of the instrument. Once the distance scale has been set, height readings can
be made directly off the scale.

Haga altimeter

This instrument makes the trigonometry of height measurement simple. If

you are standing at a set distance from the tree, the angle between the

observer and the top of the tree is converted directly into a height scale on
the instrument.

1. Using a fibreglass tape, measure the horizontal distance in metres from
the tree to the observer who is using the Suunto. This distance should be
the same asthat used on the Haga scale, normally between 15 m and 40 m. 4.6(1)

I
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2. Using the Haga, press the button on the side of the instrument to release
the needle in the scale window. Sight through the rear and forward sights
to the top of the tree and press the trigger button on the instrument. This

will lock the needle in the scale window. Read the heightthrough the
scale window making sure to read off the correct scale; this will be the

height al' Shoot this height a few times to make sure of the reading.

3. Using the Haga, release the needle, sight to the base of the tree, lock the
needle by pressing the trigger and read the height through the scale

window; this will be the height az' Read this height several times to make
sure of the reading.

4. See Section 5.2 for the method of calculating height.

Haga altimeter with range finder

This instrument makes the trigonometry simple, but also makes measuring
distances simple. It is a useful instrument for a technician working alone,

because no one is required to hold the end of the fibreglass measuring tape.

Measure height in the following way:

1. Decide on a distance scale to use eg 15 m or 20 m, unfold the range

finder target provided with the instrument and hang it on the tree at eye
level so that the white zero mark and the 15 m or 20 m (or alternative)

white marks can be seen clearly from a distance.

2. Look through the rangefinder eyepiece of the Haga and sight on to the

target. A split image of the target will be seen through the eyepiece with

a lower image overlying an upper image. The correct distance away
from the target will be when the white mark on the top of the lower
image coincides with the lower white mark (15 m or 20 m) on the upper

image.

3. Using the Haga, press the button on the side of the instrument to release
the needle in the scale window. Sight through the rear and forward sights
to the top of the tree and press the trigger button on the instrument. This

will lock the needle in the scale window. Read the height through the
scale window making sure to read off the correct scale; this will be the

height al'

4. Using the Haga, release the needle, sight to the base of the tree, lock the
needle by pressing the trigger and read the height through the scale

window; this will be the height az'

5. See Section 5.2 for the method of calculating height.
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Calibration

A reference height such as a telegraph pole should be established near the main
office. This should be used to check instruments before use, and can also be
used to train new field staff.

If the instrument does not calibrate correctly it should be discarded; it cannot
readily be repaired.

Maintenance

The Haga altimeter should be stored in its holster-pouch and kept clean and dry.

4.6(2)
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4.7 Blume-Leiss altimeter

What is it used for

The Blume-Leiss altimeter is used to measure the heights of trees. It is best used

for trees more than 10 m in height. Height sticks are better for trees below 10 m
in height.

The Blume-Leiss altimeter is designed to fit into the right hand, with sights on the
top of the instrument and height scales on the side. There are several models of

Blume-Leiss altimeters with different height scales.

How to use it

This instrument makes the trigonometry of height measurement simple. If you are
standing at a set distance from the tree, the angle between the observer and the
top of the tree is converted directly into a height scale on the instrument.

First decide on a sighting distance from the tree by viewing the range of scales in

the scale window on the side of the instrument. Once the distance scale has
been set, height readings can be made directly off the appropriate scale.

1. Using a fibregl.ass tape, measure the horizontal distance in metres from the tree

to the observer who is using the Blume-Leiss. This distance should be the

same as that used on the Haga scale, normally between 15 m and 40 m.

2. Hold the Blume-Leiss steady while well balanced on your feet. Hold your head
in the same position for all readings. Press the button to release the needle in
the scale window; sight through the rear and forward sights to the top of the
tree and press the trigger button on the instrument. This will lock the needle in
the scale window. Read the height through the scale window making sure to 4.7

I
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If the instrument does not calibrate correctly it should be discarded; it cannot
readily be repaired.

Maintenance

The Blume-Leiss altimeter should be stored in its holster-pouch and kept clean
and dry.

Calibration

A reference height such as a telegraph pole should be established near the main
office. This should be used to check instruments before use, and can also be
used to train new field staff.

STATE FORESTS OF NEW SOUTH WALES
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read off the correct scale; th is wi II be the height al. Repeat th is measurement
several times to make sure ofthe reading.

3. Using the Blume-Leiss, release the needle, sight to the base of the tree, lock the
needle by pressing the trigger and, making sure to use the correct scale, read
the height through the scale window; this will be the height a

2
• Repeat this

measurement several times to make sure of the reading.

4. See Section 5.2 for the method of calculating height.
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4.8 Barr and Stroud dendrometer
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What is it used for

The Barr and Stroud dendrometer is used to measure diameters at any height up
the trunk of a tree. This information is used to accurately calculate the shape of
the trunk, and the volume of wood in the tree.

How to use it

The following notes are abbreviated instructions for using the dendrometer. If
you have to use the instrument, you should be shown how to use it by an

experienced technician, and you should follow the detailed instructions in the
manual for the instrument.

The Barr and Stroud dendrometer should be mounted on a tripod at a height

which allows you to look down into the eyepiece. When you look through the

eyepiece you will see that the field of view is divided into an upper and a lower
part by a fine horizontal line. On the left of the view you will see an image of the

spirit level; this is used to check that the instrument is level when it is being used.

Distance A knurled wheel is on the right hand end of the instrument. When
it is rotated, the lower image in the eyepiece is displaced. When
the top and bottom images coincide (No. 1 setting), the reading can
be converted to a distance (range) value by using the tables
provided with the instrument. 4.8
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All adjustments for the Barr and Stroud dendrometer must be made

precisely, and the instructions in the instrument manual must be followed
carefully by an experienced technician.

Maintenance

The following points should be followed to keep the Barr and Stroud
dendrometer in good working order:

1. Store the instrument in its case

2. Keep it dry and put only dry cloths in the case

3. Never use abrasive cleaners on the instrument

STATE FORESTS OF NEW SOUTH WALES
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The knurled wheel can be rotated so that the bottom image is

shifted to the right of the top image. When the right hand edge of
the bottom image coincides with the left hand edge of the top
image, a new reading can be taken (No. 2 setting). By using the

tables provided with the instrument, the No. 1 and No. 2 settings
can be used to calculate the diameter of the trunk.

The inclinometer head projects forward from the front of the
instrument; its scale is calibrated in sine values of the angle of

elevation. Height can be measured in either of the following ways:

1. Either the inclinometer head can be turned to set an angle for a
given height, once the distance is known,

2. Or the inclinometer head can be turned until a clear view is

given of the trunk of the tree; the sine of the inclination is then read

from the scale and the height of the observation is given by the
product of the sine value and the distance.

Diameter

Height

Calibration

The Barr and Stroud dendrometer is out of adjustment when the tree is not
'halved', but instead is duplicated in the top and bottom parts of the view finder.
The coincidence error for the rangefinder can also be out of adjustment, as can
the zero setting of the instrument.

4. Wipe with clean dry cloth

5. If moisture appears inside the instrument it must be dried out by passing
desiccated air through it. Refer to the instrument manual for the access points
and the method of drying.
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4.9 Relaskop

Directly 1. Distances (range-finding)
2. Heights
3. Slopes
4. Diameters

5. Basal area/ha

Indirectly 6. Number of stems/ha

7. Volumes of individual trees
8. Form factors and form heights
9. Volumes of stands

What is it used for

The Spiegel Relaskop is a specialised instrument for
measuring:

How to use it, calibration and maintenance

The instrument consists of:

1. An eyepiece on the top and back of the instrument

2. A clear sighting window at the front

3. A visor which can be lifted to shade the clear
window and the scales in the instrument

4. Three ground glass windows which let light into the
instrument

5. A brake knob which, when pushed in, frees the scale wheel: the wheel is
locked when the button is released

6. A tripod socket for mounting the instrument

The mechanism. is essentially the same as a Suunto clinometer; the instrument
contains a weighted wheel which has scales on its rim, and is free to rotate. The
scale wheel has a number of different scales on it; these can be seen through a
circular field of view which is divided by a horizontal line.

The Spiegel Relaskop is a highly specialised instrument which requires
specialised training and instruction. Instructions on how to use this instrument
are outside the scope of this Technical Paper.

Technicians must have special training in order to operate, calibrate and
maintain the Relaskop.

The Relaskop should be operated, calibrated and maintained only by
trained staff.

4.9
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4.10 Prismatic compass or Suunto style compass

What is it used for

Compasses are used to find the magnetic compass direction between two points.

Compasses can also be used together with a survey chain or tape to survey land
areas. Compasses should not be used to layout rectangular experimental plots
because they cannot be used with the required accuracy; an angle reader should
be used for this purpose as explained in section 8.3.

How to use it

These compasses consist of a disc graduated in degrees which is pivoted in the
centre and rotates in an oil bath. The oil bath dampens the rotation of the disc
and makes it easier to take a reading. The compass is held horizontally up to the
eye, and the target is sighted through an eyepiece, or front and back sights on the
instrument.

The prismatic compass got its name from the prism which swivels over the disc
and is used as the eyepiece; it allows the user to sight on the target and glance
down through the prism onto the markings on the disc.

The Suunto style compass is used with both eyes open. The eyepiece is held in
front of one eye where the graduations can be seen, and the vertical sight in the
instrument can be aligned with the target object. The Suunto compass can also
be used flat on a map and viewed from above, using its straight edges as
alignments for the map.

Calibration

Establish a known magnetic compass reading on a prominent object near the
main office. Use this as a point of reference to check compass operation, and to
train technical staff in the use of prismatic compasses 4.10
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Maintenance

Ensure that there are no large bubbles in the oil-filled cell which the disk or
needle rotates in. If a large bubble is present, it will interfere with the rotation of
the disk or needle, and the compass must be discarded; it cannot readily be
repaired.
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4.11 Crown-ometer

What is it used for

The crown-ometer is a custom-built instrument which is used for surveying the

crowns of trees from the ground. It is used to mark the perimeter of the crown by

sighting vertically through an in-built prism from points on the ground.

A crown-ometer is designed to give a vertical view from a point on the ground

knowing that the horizontal and vertical axes are controlled. The same precision

cannot be achieved with a hand-held optical square because there is no control
over the horizontal and vertical axes.

How to use it

The crown-ometer consists of a prism mounted in a cup which is pivoted on

gimbals. The cup always sits horizontally (within a reasonable range). The top of

the cup is covered with a cross-hairs sight.

The instrument is held so that the cup is free to swivel. The eyepiece should be

brought up to your eye so that you can see the crown vertically above the point

where you are standing.

4

The instrument is simple to use, but it should be used with care because you will
be concentrating on the view through the eyepiece and not on the ground in front
of you. When using the instrument take care and move slowly, glancing forward
from time to time to make sure that the path ahead is clear. 4.11
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Calibration

There is no calibration required for this instrument.

Maintenance

There is little maintenance required for this instrument except to ensure that the
swivels work freely and that the optics are clean.

The instrument should be stored clean and dry in its case.
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4.12 Angle reader

What is it used for

The angle reader is used to sight and set angles when laying out rectangular plots.

It is more accurate than using a hand-held compass. It is also called a telescopic
compass.

How to use it

The angle reader should be mounted on a tripod. The telescopic sight is used to
sight onto the target object (usually a ranging pole). Once the telescopic sight is

targeted, look through the magnifying glass and read the bearing on the compass

rose on the base of the instrument. The telescopic sight can then be rotated to
the new compass setting, and the boundary marked on the ground.

Telescopic compasses can be purchased through survey equipment suppliers.

Use of the angle reader is explained in more detail in section 9.3.

Calibration

There is no calibration required for this instrument provided that the telescopic
sight is not damaged and is seated properly on the instrument.

Maintenance

The instrument should be maintained so that the sights move freely and the optics
are kept clean. It should be stored clean and dry in its box.

4.12
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4.13 Bark gauge
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What is it used for

A bark gauge is used to measure the thickness of the bark on the tree without
cutting into the trunk of the tree. There are two types of bark gauges: heavy duty
and Iight duty.

How to use it

Heavy duty bark gauge

This is also sometimes called the Swedish bark gauge because it is made in
Sweden. It consists of a wooden handle on the end of a calibrated shaft
inside a sliding sleeve.

The heavy duty bark gauge should be used on species with thick or tough
bark such as: pine, iron bark, flooded gum, spotted gum.

Use the bark gauge as follows:

1. The plate at the end of the sliding sleeve is placed against the outside of
the bark.

2. Check that the outer edge of the sleeve is on the zero mark on the shaft.

3. Lean or tap on the wooden handle to drive the shaft into the bark. With
some experience you will be able to feel the difference between bark and
wood, and be able to stop the shaft on the inside edge of the bark.

4. Once the tip of the shaft has reached the inside edge of the bark, read the
scale marking on the outside edge of the sleeve. The reading will be in
fractions of centimetres. 4.1 3
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Make sure that the sliding components of the gauges are cleaned of sap or pine
resin, because such residues will make them difficult to use.

Calibration

There is no calibration required on these instruments.

•••••
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4. Once the tip of the shaft has reached the inside edge of the bark, read the
scale where the mark on the needle has reached. The reading will be in
fractions of centimetres.

2. Check that the mark on the needle reads zero.

The light duty bark gauge should be used on soft-barked species such as:
brown barrel, black butt, tallowwood.

Light duty bark gauge

This bark gauge has a small needle which is pushed into the bark by hand.
No extra force should be used on this instrument.

3. Push the needle gently into the bark. With some experience you will be
able to feel the difference between bark and wood, and be able to stop
the shaft on the inside edge of the bark.

5. Pull the neddle out of the tree carefully and straight so that it does not
bend or break.

Use the bark gauge as follows:

1. Place the tip of the gauge on the bark.

•

Maintenance

Bark gauges are prone to damage through misuse. The main damage caused is
bent shafts or needles. The equipment can be repaired to some extent.

The gauges should be stored carefully so that they do not get damaged.
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5. Measurements of the stem

5. 1 A general note on height measurement

The forest manager needs measurement information to estimate such things as the

growth rate of the tree, or the amount of merchantable timber in the tree. The
points for measurement include total height and bole height. These points are
shown in the following diagram.

L.

C'\) CC>NIFERS .

Height measurements on i
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5.2 Total height

Definition

Total height is the distance along the axis of the stem of the tree between its
base and tip.

Note that height is really a measure of the length of the stem; it is important to
remember this when the height (stem length) of a leaning tree is measured.

The base of the tree is the junction between the trunk of the tree and the soil on
the uphill side of the tree.

- -

-----"-

-

------.....~(

kow HI1rtI5l"t?

The tip of the tree is the tip of the leading shoot (the tip of the leading bud, not
the tops of needles which may grow past the leading bud), or the estimated
centre of a flat or variable shaped crown.

5.2(1)
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2. 2-15 m: segmented or telescopic height sticks
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Measurement precision

Height should be measured in metres (m) and reported with the following
precision:

0.01

0.1

0.1

0.5

1.0

Precision (m)

2

15

15

25

>25

Max. height (m)Method

* includes Suunto, Haga, Blume Leiss

Graduated rule

Segmented height sticks

Telescopic height stick

Cl inometer/altimeter*

Clinometer/altimeter*

3. more than 10 m: measured trigonometrically using a clinometer or altimeter
style instruments such as Suunto clinometer, Blume Leiss

altimeter or Haga altimeter.

Methods and equipment

Trees should be measured in the following ways:

1. less than 2 m tall: graduated metric rule



Identification of the top of the tree

The top of the tree must be identified carefully as shown in the following
diagram. In both cases shown below, the line of sight should be through the
crown of the tree to an estimated tree top. Sighting to the outside of the
crown will result in a substantial overestimate of tree height.

Errors in identifying the top ofa tree

5.2(2)
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Trigonometrical measurement of height

Explanation

Height is calculated by measuring the horizontal distance you are from the
tree, and then calculating the height of the tree from the angles measured
from where you are standing.

Clinometers can be used to measure tree height; these include the Suunto,
Haga, and Blume Leiss. The method of calculating the tree height depends
on:

the scale being used on the clinometer, ie, angles in degrees, slopes in
percent, or height based on a fixed horizontal distance (between 15 and
40 m).

whether the ground between the observer and the tree is sloping or
horizontal.

Corrections for slope should be made if the ground slopes 8° or more

The trigonometry used relies on the measurement of two right angled
triangles. This method is based on the accurate measurement of.the
horizontal distance between the observer and the tree; this is the distance
QC in cases A, Band C in the following diagram. In case A, the observer's
sight line QC is parallel to the ground, and so the distance QC can be
measured with a fibreglass tape. In cases Band C where the observer is
either above or below the base of the tree, corrections have to be made for
the slope of the ground because it is not possible to measure the horizontal
distance QC.

Does the height make sense? In comparison:

A flooded gum tree age 40 years will be about 50 m tall.

A pine tree age 35 years will be about 40 m tall.

The tallest known hardwood in the world was a Eucalyptus regnans in
Victoria which measured 113m.

The height of a single storey house is about 5rn.

5.2(3)
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Methods for trigonometrical height measurement using
a clinometer

Scale in degrees

This method is based on the tangent ratio of an angle in a right angled
triangle:

tangent of angle =opposite side / adjacent side

Stand approximately one to one and a half tree lengths away from the tree
and select a viewing point from which the top and bottom of the tree can be
seen clearly

Level ground (Case A)

1. measure the horizontal distance of the observer from the tree:
either:

measure the horizontal distance to the centre of the trunk of the tree
accurately with a fibreglass tape
or:

if using a rangefinder on level ground, place the rangefinder target or
sighting marker on the side of the tree at your eye level, and use the

rangefinder sight to set the horizontal distance from the tree.

2. reading the degrees scale on the instrument, measure the angle above
horizontal; take an average of at least three readings of the angle until the

readings are consistent. This is reading al. Write down the angle
together with the sign of the angle which, in this case, should be positive.

The Suunto clinometer has + and - signs on the scales; the Haga and
Blume Leiss do not have signs on the scales. For calculating heights, the
sign on the scale should be either + or - as follows:

The reading above horizontal is a positive reading;

the reading below horizontal is a negative reading.

3. reading the degrees scale on the instrument, measure the angle below
horizontal; take an average of at least three readings of the angle until the
readings are consistent. This is reading a

2
• Write down the angle together

with the sign of the angle which, in this case, should be negative.

4. calculate the height of the tree as follows:

Height of the tree = (Distance from tree to observer) x ((tan a.) - (tan a))
Note that when a

2
is negative, then:

((tan a.) - (-tan a)) = (tan a.) + (tan a)

5.2(4)
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Sloping ground (Cases B and C)

1. using a fibreglass tape, measure the distance OB along the sloping

ground

5. calculate the height of the tree as follows:
Height of the tree = (Distance OB x cosine a) x ((tan a.) - (tan a))

STATE FORESTS OF NEW SOUTH WALES
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3. reading the degrees scale on the instrument, measure the angle a.: take
an average of at least three readings of the angle until the readings are

consistent. Write down the angle together with the sign of the angle

which, in most cases, will be positive.

2. using a clinometer scale in degrees and sighting on a point on the tree
which corresponds to your eye level, measure the slope of the ground,

angle a
3

; take an average of at least three readings of the angle until the

readings are consistent.

If the ground is sloping between the observer and the tree, the procedure for

measuring the height of the tree is as follows:

4. reading the degrees scale on the instrument, measure the angle a2 ; take

an average of at least three readings of the angle until the readings are

consistent. Write down the angle together with the sign of the angle,
which will be either positive (Case C) or negative (Case B). '
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Scale in percent

This scale is based on the tangent ratio where an angle of 45° is equal to 1;
if this is set at 100%, all angles between 0 and 45° can be expressed in
percent.

Stand approximately one to one and a half tree lengths away from the tree
and select a viewing point from which the top and bottom of the tree can be
seen clearly

Level ground (Case A)

1. measure the horizontal distance of the observer from the tree:
either:

measure the horizontal distance to the centre of the trunk of the tree
accurately with a fibreglass tape
or:

if using a rangefinder on level ground, place the rangefinder target or

sighting marker on the side of the tree at your eye level, and use the
rangefinder sight to set the horizontal distance from the tree.

2. reading the percent scale on the instrument, measure the slope above
horizontal; take an average of at least three readings of the slope until the

readings are consistent. This is reading a,. Write down the slope
together with the sign of the slope which, in this case, should be positive.

The Suunto clinometer has + and - signs on the scales; the Haga and
Blume Leiss do not have signs on the scales. For calculating heights, the
sign on the scale should be either + or - as follows:

The reading above horizontal is a positive reading;

the reading below horizontal is a negative reading.

3. reading the percent scale on the instrument, measure the slope below
horizontal; take an average of at least three readings of the slope until the

readings are consistent. This is reading a
2

• Write down the slope together
with the sign of the slope which, in this case, should be negative.

4. calculate the height of the tree as follows:

Height of the tree = (Distance from tree to observer) x ((a1%) - (a2%)) / 100
Note that when a2 is negative, then:
((a, %) - (-a2%)) = (a,%) + (a

2
%)

5.2(5)
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Sloping ground (Cases B and C)

1. using a fibreglass tape, measure the distance OB along the sloping
ground

If the ground is sloping between the observer and the tree, the procedure for
measuring the height of the tree is as follows.

STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59

2. using a clinometer scale in degrees and sighting on a point on the tree

which corresponds to your eye level, measure the slope of the ground,
angle a3; take an average of at least three readings of the angle until the
readings are consistent.

3. reading the percent scale on the instrument, measure the slope a
1

; take

an average of at least three readings of the slope until the readings are

consistent. Write down the slope together with the sign of the slope
which, in most cases, will be positive.

4. reading the percent scale on the instrument, measure the slope a
2

; take

an average of at least three readings of the slope until the readings are

consistent. Write down the slope together with the sign of the slope,
which will be either positive (Case C) or negative (Case B).

5. calculate the height of the tree as follows:

Height of the tree = (Distance OB x cosine a) x ((a
1
%) - (a,%)) / 100

FIELD METHODS MANUAL



Scale in height

Using this scale, the angles measured are already converted to height

provided that a set distance between the observer and tree is used. The

appropriate set distance will be written on the height scale on the clinometer.

Stand approximately one to one and a half tree lengths away from the tree and

selecta viewing point from which the top and bottom of the treecan be seen clearly

Level ground

1. set the horizontal distance of the observer from the tree:
either:

measure the horizontal distance to the centre of the trunk of the tree

accurately with a fibreglass tape. This distance must be the same asone of

the scales on the clinometer or altimeter, eg a setting between 15 and 40 m
or:

if using a rangefinder on level ground, place the rangefinder target or

sighting marker on the side of the tree at your eye level, and use the

rangefinder sight to set the horizontal distance from the tree. This

distance must be the same as one of the scales on the clinometer or
altimeter, eg a setting between 15 and 40 m

2. reading the height scale on the instrument, measure the height above

horizontal; take an average of at least three readings of the height until

the readings are consistent. This is reading al' Write down the height

together with the sign of the height which, in this case, should be

positive. The Suunto clinometer has + and - signs on the scales; the

Haga and Blume Leiss do not have signs on the scales. For calculating

heights, the sign on the scale should be either + or - as follows:

The re~ding above horizontal is a positive reading;

the reading below horizontal is a negative reading.

3. reading the height scale on the instrument, measure the height below

horizontal; take an average of at least three readings of the height until

the readings are consistent. This is reading a
2

• Write down the height

together with the sign of the height which, in this case, should be negative.

4. calculate the height of the tree as follows:

Height of the tree = (Height a.) - (Height a)
Note that when a2 is negative, then:
((a1) - (-a2))= (a1) + (a2)

5.2(6)
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Sloping ground (Cases B and C)

3. using a fibreglass tape, measure the distance OB along the sloping

ground

If the ground is sloping between the observer and the tree, the procedure for

measuring the height of the tree is as follows.

STATE FORESTS OF NEW SOUTH WALES
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5. reading the height scale on the instrument, measure the height a
2

; take an

average of at least three readings of the height until the readings are

consistent. Write down the height together with the sign of the height,
which will be either positive (Case C) or negative (Case B).

6. calculate the height of the tree as follows:
Height of the tree = (Height a.) - (Height a)

4. reading the height scale on the instrument, measure the height a1; take an
average of at least three readings of the height until the readings are

consistent. Write down the height together with the sign of the height

which, in most cases, will be positive.

2. calculate the distance OB which will set the horizontal distance OC:

OB =OC I cos a3

1. using a clinometer scale in degrees and sighting on a point on the tree

which corresponds to your eye level, measure the slope of the ground,
angle a

3
; take an average of at least three readings of the angle until the

readings are consistent
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asEA-

level ground
a,
a2

a
3

QC (m)

Formula
Calculation

Height (m)

a,
a

2

a
3

QC (m)

Formula

Calculation

Height (m)

a,
a2

a3

QC (m)

Formula

Calculation

Height (m)

Degrees scale
+35.5°
-5.0°
o
20.0
Ht =QC x ((tan a.) - (tan a

2
))

Ht =20 x ((+0.713) - (-0.088))
Ht = 20 x (0.713 + 0.088) = 16.02
16.0

Percent scale
+71.3%
-8.8%
o
20.0
Ht = QC x ((a

l
%) - (a

2
%)) / 100

Ht = 20x ((+71.3) - (-8.8)) /100
Ht =20 x (71.3 + 8.8) / 100 = 16.02
16.0

Height scale from 20 m base line
+14.4m
-1.6m
o
20.0
Ht = (ht a.) - (ht a)
Ht =(+14.4) - (-1 .6)
Ht = 14.4 + 1.6 = 16.0
16.0

tan
+0.713
-0.088 5

Note

When sighting above horizontal the reading is positive

When sighting below horizontal the reading is negative 5.2(7)
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cos
0.927

cos
0.927

cos
0.927

....
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....
<,

"

.... .... .... ....

22.0°
21.6
Ht = (OB x cos a) x ((a1%) - (a2%)) / 100
Ht = (21.6 x 0.927) x ((+31.1) - (-48.8)) / 100
Ht = (21.6 x 0.927) x (31.1 + 48.8) / 100
Ht =20.2 x 79.9/100 = 16.14
16.0

22.0°
21.6
OB x cos a

3
=21.6 x 0.927 =20.0

Ht =((ht a.) - (ht a))
Ht = (+1404) - (-1.6)
Ht= (1404 + 1.6) = 16.0
16.0

Height scale from 20 m base line
+6.0m
-10.0m

Percent scale
+31.1%
-48.8%
4004%
with a scientificcalculator, calculatea

3
in degrees

(4004/ 1OO)IINVI~= 22.0°

22.0°
21.6
Ht = (OB x cos a

3
) x ((tan a.) - (tan a2) )

Ht =(21.6 x 0.927) x ((+0.311) - (-00488))

Ht =(21.6 x 0.927) x (0.311 + 00488)

Ht = 20.2 x 0.799 = 16.14
16.0

" .....

~j

~ 0 .. " "" ~.2
-~).< ....... <,

..._'"'~

~
~"

~~ ""'I~fL.EVf""
~e~r':"_'

Degrees scale tan
+17.3° +0.311
-26.0° -00488

Height (m)

Note

When sighting above horizontal the reading is positive

When sighting below horizontal the reading is negative

Height (m)

Height (m)

CASE~

a3

OB (m)

OC(m)
Formula
Calculation

a3

OB (m)

Formula
Calculation

a3

OB (m)

Formula
Calculation

Sighting above base of tree
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I
I
J
~

J

~:::::-_-+-...:...-:.!!~--7-":::--_------' "

l"-' -

Sighting below base of tree
a,
a2

a
3

OB (m)

Formula
Calculation

Height (m)

a3
OB (m)

Formula
Calculation

Height (m)

a3

OB (m)

OC(m)
Formula
Calculation

Height (m)

Degrees scale
+45.0°
+11.3°

15.6°
20.8
Ht = (OB x cos a) x ((tan a.) - (tan a

2
) )

Ht = (20.8 x 0.963) x ((+1.0) - (+0.20))
Ht = (20.8 x 0.963) x (1.0 - 0.2)
Ht = 20.3 x 0.8 = 16.02
16.0

Percent scale
+100%
+20%
27.9%
with a scientific calculator, calculate a

3
in degrees

(27.9/100) IiNvl~= 15.6°

15.6°
20.8
Ht = (OB x cos a

3
) x ((a,%) - (a

2
%)) / 100

Ht =(20.8 x 0.963) x ((+100) - (+20) / 100
Ht = (20.8 x 0.963) x (100 - 20) / 100
Ht = 20.03 x 80/100 = 16.02
16.0

Height scale from 20 m base line
+20.0m
+4.0m

15.6°
20.8
OB x cos a3 =20.8 x 0.963 =20.0
Ht = (ht a.) - (ht a

2
)

Ht = (+20.0) - (+4.0)
Ht = 20.0 - 4.0 = 16.0
16.0

tan
+1.000
+0.200
cos
0.963

cos
0.963

cos
0.963

5.2(8)
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* note that this error in measurement is for only the top part of the tree, another error will be
made in the smaller triangle below eye 1eve1.
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Distance correction on sloping ground for horizontal distances of 15m and 20m
Set horizontal distance (m) Slope of ground (degrees) Distance to measure on

sloping ground (m)

The effect of sloping ground on the measured height of the tree is shown in the

table below. From this table you can see that for a tree of this size, the precision

of the measurement (0.1 m) is exceeded at 8° slope.

Table showing the error in measurement of tree height due to sloping ground.

Measured Slope of Cosine of Actual Calculated Error in
distance ground slope horizontal partial height measurement

along ground (degrees) distance (m) of tree (m) (m)*
(m)

0.000

0.013

0.025

0.063

0.126

0.189

0.277

0.378

0.491

0.617

0.768

20.00

20.02

20.04

20.10

20.20

20.30

20.45

20.62

20.81

21.03

21.3'0

15.00

15.02

15.03

15.08

15.15

15.23

15.34

15.46

15.61

15.77

15.97

12.585

12.572

12.560

12.522

12.459

12.396

12.308

12.207

12.094

11.968

11.817

Distance to measure on
sloping ground (m)

15.000

14.985

14.970

14.925

14.850

14.775

14.670

14.550

14.415

14.265

14.085

1.000

0.999

0.998

0.995

0.990

0.985

0.978

0.970

0.961

0.951

0.939

o
2

4

6

8

10

12

14

16

18

20

20 0

20 2

20 4

20 6

20 8

20 10

20 12

20 14

20 16

20 18

20 20

15 0

15 2

15 4

15 6

15 8

15 10

15 12

15 14

15 16

15 18

15 20

15

15

15

15

15

15

15

15

15

15

15

Set horizontal distance (m) Slope of ground (degrees)



Height measurement on trees in native forests

Trees in native forests exhibit a range of tree shapes which are not as regular

and predictable as trees in plantations. For most purposes it is reasonable to

ignore stem form and the lean or sweep of the stem in native forest trees.

This is because the errors in measurement are not large, the amount of
wood is slightly underestimated, and the quality of merchantable timber

recoverable from the tree is not easily predicted.

The heights of trees in native forest should be measured between the base of

the trunk and the top of the tree using the method shown earlier in this

section, even though the top of the tree may be offset from the base of the

tree as shown below. The error in height estimation is the difference

between AB and AD.

5

5.2(9)
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Height measurement on leaning trees in plantations

If a tree is leaning more than 20° away from the vertical it needs to be
measured in a different way.

Leaning trees should be measured in one of the following ways:

• For trees less than 5 m tall measure with a rigid pole. Lay the pole along
the long axis of the stem of the tree, and record the stem length (height).

• For trees greater than 5 m tall use trigonometrical methods.

Note that these trigonometrical methods assume that the ground is flat.

If the ground is sloping, calculate the correct distance to be measured
along the ground to account for the slope.

AC=9m
CB =9m
0=45°
H =12.7m

FIELD METHODS MANUAL STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59



Method 1 (Pythagoras theorem)

1. walk around the tree to determine which way the tree is leaning

2. stand at right angles to the lean of the tree. When looking at the tree it

should lean to the right or the left, not towards or away from you

3. using a weight on a line (plumbline), find where the line AC meets the

ground; ask an assistant to stand at the point C

4. using a clinometer or altimeter, measure the length of the line AC

5. using a fibreglass tape, measure the horizontal distance from the assistant

to the base of the tree, ie CB

6. calculate the length or height (H or AB) of the stem of the tree:

H = .,j((AC)2 + (CB)2)

H = ~(9)2 + (W)

H = -VSl+Sl
H =12.7m

Method 2 (cosine of angle of lean)

1. walk around the tree to determine which way the tree is leaning

2. stand at right angles to the lean of the tree. When looking at the tree it

should lean to the right or the left, not towards or away from you

3. using a weight on a line (plumbline), find where the line AC meets the
ground; ask an assistant to stand at the point C

4. using a clinometer or altimeter, measure the length of the line AC

5. place a flat metal bar along the stem of the tree to provide a stable base

6. place a clinometer on the metal bar and read the angle of lean of the

stem (0) eg 0 =45° cosine 45° =0.707

7. calculate the length or height (H or AB)of the stem of the tree:

H = AC/cosine 0

H = 9/.0.707 = 12.7m

8. Note that DB = AC and also

that H = DB/cosine 0.

5.2(10)
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Measurement in wind

Height measurements made in windy conditions will be wrong

Wind will bend the top of the tree away from the vertical. This will result in
an overestimate of tree height if it bends towards you, and an underestimate
of tree height if it bends away from you.
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5.3 Site height (native forest)

This measurement is sometimes used in assessment of native forests.

Definition

Site height in native forests is the estimated predominant height of the
original mature stand.

Measurement precision

Site height is an estimated measure and has low precision. Height should be
estimated in metres (m) and reported with a precision of 2 m.

Methods and equipment

Trees should be measured in the following ways:

1. less than 2 m tall: estimated by technician's own height in field.

2. 2-15 m: segmented or telescopic height sticks

3. more than 10 m: measured trigonometricall using a clinometer or altimeter

style instruments such as Suunto clinometer, Blume Leiss
altimeter or Haga altimeter.

The methods of measurement are shown in Section 5.2 of this manual.

5.3
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5.4 Stand dominant height (native forest)

This measurement is sometimes used in assessment of permanent growth plots in
native hardwood forests

Definition

Stand dominant height in native forests is the average height of the 3 tallest
stems in a 0.1 ha measurement plot or 30 trees/ha.

Measurement precision

Height should be measured in metres (m) and reported with the following
precision:

Method

Graduated rule

Segmented height sticks

Telescopic height stick

Clinometer/altimeter*

Cl inometer/altimeter*

Max. height (m)

2

15

15

25

>25

Precision (m)

0.01

0.1

0.1

0.5

1.0

* includes Suunto, Haga, Blume Leiss

Methods and equipment

Trees should be measured in the following ways:

1. less than 2 m tall: graduated metric rule

2. 2-15 m: segmented or telescopic height sticks

3. more than 10 m: measured trigonometrically using a clinometer or altimeter
style instruments such as Suunto clinometer, Blume Leiss

altimeter or Haga altimeter.

The methods of measurement are shown in Section 5.2 of this manual.

5.4
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5.5 Predominant height

This measurement is used in the assessment of permanent growth plots.

Definition

Predominant height is the average height of the 10 largest diameter trees in

a 0.1 ha plot, or 100 trees/ha.

Measurement precision

Height should be measured in metres (m) and reported with the following
precision:

Method

Graduated rule

Segmented height sticks

Telescopic height stick

Cl inometer/altimeter*

Cl inometer/altimeter*

Max. height (m)

2

15

15

25

>25

Precision (m)

0.01

0.1

0.1

0:5

1.0

* includes Suunto, Haga, Blume Leiss

Methods and equipment

Several trees will be measured to make sure that the 10 largest diameter trees are
identified and measured.

The procedure is as follows:

1. walk around the plot and identify the largest diameter trees in the plot

2. put temporary marking tape on the largest diameter trees, making sure that at
least two more than the required number of trees are marked

3. measure the trees using the methods for height measurement shown in Section
5.2 of this manual

4. write down the heights of the 10 largest diameter trees in the plot.

s.s
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The methods of measurement are shown in Section 5.2 of this manual.

Trees should be measured in the following ways:

2. 2-15 m: segmented or telescopic height sticks

STATE FORESTS OF NEW SOUTH WALES
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1. less than 2 m tall: graduated metric rule

3. more than 10 m: measured trigonometrically using a clinometer or altimeter

style instruments such as Suunto clinometer, Blume Leiss

altimeter or Haga altimeter.
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5.6 Mean dominant height (plantations)

Definition

Inventory plots

For inventory plots, mean dominant height will be the mean height of
the tallest 4 trees in a 0.1 ha plot, or 40 trees/ha.

Research and growth plots

For research plots, mean dominant height will be the mean height of
the tallest 10 trees in a 0.1 ha plot, or 100 trees/ha.

Measurement precision

Height should be measured in metres (m) and reported with the following
precision:

Method

Graduated rule

Segmented height sticks

Telescopic height stick

Clinometer/altimeter*

Cl inometer/altimeter*

Max. height (m)

2

15

15

25

>25

Precision (m)

0.01

0.1

0.1

0.5

1.0

* includes Suunto, Haga, Blume Leiss

Methods and equipment

Several trees will be measured to make sure that the few tallest trees are identified
and measured..

The procedure is as follows:

1. walk around the plot and identify the tallest trees in the plot

2. put temporary marking tape on the tallest trees

3. make sure that at least two more than the required number of trees are marked

4. measure the trees using the methods for height measurement shown in this
manual

5. select the tallest trees measured and write down their heights.

5.6
STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59

FIELD METHODS MANUAL



The methods of measurement are shown in Section 5.2 of this manual.

Trees should be measured in the following ways:

2. 2-15 m: segmented or telescopic height sticks

STATE FORESTS OF NEW SOUTH WALES
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3. more than 10 m: measured trigonometrically using a clinometer or altimeter

style instruments such as Suunto clinometer, Blume Leiss

altimeter. or Haga altimeter.

1. less than 2 m tall: graduated metric rule



5.7 Merchantable height

Definition

MerchantabJe height is the distance along the axis of the tree stem between
the base of the tree and a pre-set 'top diameter' for the product.

The terminal position of the highest useable portion of the tree is set as a 'top

diameter' for a specific product. The top diameter will vary with the end use of

the log from the tree. The top diameter will be determined by the Regional
Marketing Manager.

The base of the tree is defined as the junction between the trunk of the tree and
the ground on the uphill side of the tree.

Measurement precision

Merchantable height will be measured only on trees which are large enough to
have a merchantable stem.

Height should be measured in metres (m) and reported with the following
precision:

Method

Graduated rule

Segmented height sticks

Telescopic height stick

Clinometer/altimeter*

Cl inometer/altimeter*

Max. height (m)

2

15

15

25

>25

Precision (m)

0.01

0.1

0.1

0.5

1.0

* includes Suunto, Haga, Blume Leiss

Methods and equipment

Trees should be measured in the following ways:

1. less than 2 m tall: graduated metric rule

2. 2-15 m: segmented or telescopic height sticks

3. more than 10 m: measured trigonometrically using a clinometer or altimeter

style instruments such as Suunto clinometer, Blume Leiss
altimeter or Haga altimeter.

The methods of measurement are shown in Section 5.2 of this manual.

5.7
STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER N0.59

FIELD METHODS MANUAL



FIELD METHODS MANUAL STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59



5.8 Bole height

Definition

Bole height is the distance along the tree stem between the base of the tree
and the base of the green crown.

The base of the tree is the junction between the trunk of the tree and the soil on
the uphill side of the tree.

The base of the green crown is the junction between the trunk of the tree and the
lowest green limb forming part of the crown. Epicormic shoots should be ignored
for this definition.

Measurement precision

Height should be measured in metres (m) and reported with the following
precision:

Method

Graduated rule

Segmented height sticks

Telescopic height stick

Cl inometer/altimeter*

Cl inometer/altimeter*

Max. height (m)

2

15

15

25

>25

Precision (m)

0.01

0.1

0.1

0.5

1.0

* includes- Suunto, Haga, Blume Leiss
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The methods of measurement are shown in Section 5.2 of this manual.

1. less than 2 m tall: graduated metric rule

2. 2-15 m: segmented or telescopic height sticks

STATE FORESTS OF NEW SOUTH WALES
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3. more than 10 m: measured trigonometrically using a clinometer or altimeter

style instruments such as Suunto clinometer, Blume Leiss

altimeter or Haga altimeter.

Methods and equipment

Trees should be measured in the following ways:
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5.9 Buttress height

Definition

Buttress height is the height of the lower part of stem which forms the flared

or swollen base of the tree, it is between the base of the tree and the point

where the trunk of the tree takes a cylindrical form.

The upper point of measurement where the flare is substantially reduced and the
stem takes a 'cylindrical' form is determined by the technician in the field.

The base of the tree is the junction between the trunk of the tree and the soil on

the uphill side of the tree.

Measurement precision

Buttress height should be measured in centimetres (cm) or 0.01 m, and reported

to the nearest whole centimetre (1 cm).

Methods and equipment

Buttress height should be measured with a graduated metric rule.

The rule should be placed on the ground on the uphill side of the base of the
stem, and a measurement taken to the point at which the flare is substantially
reduced and the stem takes a 'cylindrical' form.

5.9
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5.10 Stump height

Definition

Stump height is measured on the stump remaining after the tree has been

cut down; it is the distance between the baseof the tree and the highest

point of substantial wood left on the stump, normally the top of the back cut.

The base of the tree is the junction between the trunk of the tree and the soil on
the uphill side of the tree.

Measurement precision

Stump height will be measured only on the remaining stumps of trees which have
been harvested.

Height should be measured in centimetres (cm) or 0.01 m and reported to the
nearest whole centimetre (1 cm).

Methods and equipment

Stump height should be measured with a graduated metric rule.

The rule should be placed on the ground on the uphill side of the base of the
stump.

The height along the rule should be taken at the highest point of substantial
residual wood.

If a stepped stump has been left, the highest part of the back cut should be taken
as the measurement point. Vertical fragments of wood above this point should be
ignored unless they form a substantial residual part of a fractured stem; in this
case, the height to the top of substantial wood should be measured. 5.10
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5.11 Diameter at breast height over bark (DSHOS)

Definition

Diameter at breast height is the diameter of the stem measured at 1.3 m

height above the base on the uphill side of the tree.

Breast height, defined as 1.3 m above the ground is often well below chest height
of the measurer.

Breast height is not always the same height as the technician's chest.

Cut a stick to 1.3m in length and use this to set the height for diameter

measurements.

Errors in measuring diameter are squared when volumes are calculated: ego a
2 cm error in overestimating error for a 10 cm diameter tree becomes a 0.04 m3

error in tree volume, or a 40% over estimate.

5.11 (1)
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Diameter is always measured on a plane at right angles to the axis of the stem. In

most cases this is a horizontal line, but it can also be a long way off horizontal if

the stem is leaning. Some examples are shown in the following diagram.
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Measurement precision

Diameter at breast height will be measured with a precision of 1 mm.

Methods and equipment

Diameter is most often calculated from a measurement of the circumference of
the stem. Diameter can also be measured by using callipers (see below).

If the tree is to be measured again in the future, a line showing breast height
should be painted on the tree. However, there is no point in painting some
smooth barked species because they will shed their bark and the paint mark.

Standards for breast height

Breast height should be marked by placing a rod marked at 1.3 m length on
the uphill side of the stem and marking the stem at 1.3 m. If the tree is
leaning, breast height should be measured on the uphill side of the tree and
measured at right angles to the axis of the leaning trunk of the tree.

Remember that when measuring diameter you are measuring the
wood that will be harvested in the future.

The examples in the previous diagram show what to do when breast height
coincides with deformity or branches.

Trees are often deformed or branched at breast height; the general principle
in these cases is to move the measurement point upwards to where the stem
becomes more cylindrical.

When swellings, bumps or branches occur on the tree at breast height,
diameter should be measured above the point of swelling.

When a tree has multiple stems which fork at or below breast height, they
should be measured as two stems. If they branch well above breast height,
the diameter of the single stem at breast height should be recorded.

If diameter is not measured at breast height, the measurement height
and the reason for change should be written on the measurement
sheet.

5.11 (2)
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Diameter over the bark can be measured by using one of the following
methods:

Diameter tape method

The diameter tape should be used only for trees which are approximately
circular in cross section.

If a diameter tape is used to measure the diameter of a stem which is
not circular in cross section, it will result in a measurement which is
too large.

The method is as follows:

1. The diameter tape should be wrapped around the stem of the tree at
breast height.

2. Care should be taken to ensure that the tape is at right angles to the axis
of the stem and is not caught on large flakes of bark.

3. Pull the tape taught and read the diameter from the tape. Note that there
is a blank section at the start of most diameter tapes; this is to allow the
user to read the tape clearly. Cross-over the start of the tape and read the
diameter against the first calibrated line (zero line) on the tape.

D!AME"!'~" ~"Al..S: OtJ
F~lVr

Make sure you are reading the diameter scale; some tapes have the
diameter scale on one side and a normal scale on the other side.
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Does the diameter make sense? For comparison:

• the average person can reach around the trunk of a tree of less than
50 cm diameter

• the chest diameter of an large person is around 30 cm.

Standard tape method

The standard measurement tape is used in the same way as the diameter
tape except that the measurement recorded is circumference.

The measurement of circumference should be converted to diameter by
dividing the circumference by 3.142.

Most standard measuring tapes do not have a blank lead to the tape. In
these cases, the circumference is measured to the very start of the tape.

Calliper method

Most stems are not circular in cross section so, when using callipers, the
diameter at breast height should be measured in two directions at right
angles to each other across the narrowest and widest axes of the trunk. The
mean of the two measurements should be taken as the diameter.

Care should be taken to ensure that the arms of the callipers are parallel, are
not worn, and are at right angles to the calibrated bar of the calliper. If the
callipers are damaged or worn they should not be used for measurement. 5.11(3)
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The sliding arm of the callipers should be closed onto the stem and the
diameter read from the calibrated bar.

The calibrated bar of the callipers should be at right angles to the axis of the
stem.

The callipers should be pressed firmly against the stem of the tree at breast
height.
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5.12 Diameter over pruned stubs (Radiata pine)

Definition

Diameter over pruning stubs of the largest pruned whorl (branch cluster) on
the trunk of the tree.

This is an important measurement when evaluating the effectiveness of pruning.
This measurement will give an indication of the size of the knotty core which will
be left under the clear wood which is laid down on the stem after pruning.

Measurement precision

Diameter over pruned stubs will be measured to a precision of 1 mm.

Methods and equipment

Measure the diameter of the largest whorl in the pruning lift. This can be
measured with either a diameter tape or callipers.

5.12
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5.13 Bark thickness

Definitions

Bark thickness is the distance between the outer wood of the stem and the
outside of the bark.

In most cases this coincides with a change in colour and texture of the stem
tissue.

Bark thickness is usually measured on many trees to make a relationship between
stem diameter and bark thickness for a species. This relationship is then used to
compute DBHUB for trees measured for DBHOB.

Measurement precision

Bark thickness should be measured with a precision of 1 mm.

Methods and equipment

Bark thickness is usually measured with a specially designed bark gauge; the two
types of bark gauges are shown in Section 4.14 of this manual.

Bark thickness should be measured in at least two places on a stem.

For tree species with furrowed bark, a more accurate estimate of bark thickness
over the range of stem roughness can be made by stretching a tape around the
stem and using this as the outside reference point for measurement of bark
thickness.

Heavy duty bark gauge

This is also sometimes called the Swedish bark gauge because it is made in
Sweden. It consists of a wooden handle on the end of a calibrated shaft
inside a sliding sleeve.

The heavy duty bark gauge should be used on species with thick or tough
bark such as: pine, iron bark, flooded gum, spotted gum.

Use the bark gauge as follows:

1. The plate at the end of the sliding sleeve is placed against the outside of
the bark.

2. Check that the outer edge of the sleeve is on the zero mark on the shaft.

5.13
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2. Check that the mark on the needle reads zero.

Use the bark gauge as follows:

1. Place the tip of the gauge on the bark.

STATE FORESTS OF NEW SOUTH WALES
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4. Once the tip of the shaft has reached the inside edge of the bark, read the
scale where the mark on the needle has reached. The reading will be in
fractions of centimetres.

3. Lean or tap on the wooden handle to drive the shaft into the bark. With
some experience you will be able to feel the difference between bark and
wood, and be able to stop the shaft on the inside edge of the bark.

3. Push the needle gently into the bark. With some experience you will be
able to feel the difference between bark and wood, and be able to stop
the shaft on the inside edge of the bark.

4. Once the tip of the shaft has reached the inside edge of the bark, read the
scale marking on the outside edge of the sleeve. The reading will be in
fractions of centimetres.

The light duty bark gauge should be used on soft-barked species such as:
brown barrel, black butt, tallowwood.

Light duty bark gauge

This bark gauge has a small needle which is pushed into the bark by hand.
No extra force should be used on this instrument.
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5.14 Diameter at breast height under bark (DBHUB)

Definition

Diameter at breast height under bark is not measured on standing live trees;
it is calculated from measurements of diameter over bark, and bark
thickness.

Estimates of bark thickness for a range of stem diameters can be used to deduct
bark thickness from the diameter measured over the bark.
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Measurement precision

The precision of DBHUB is derived mathematically, but should not be reported to
a precision greaterthan that of the field measurement, in this case 1 mm.

DBHUB = DBHOB - (2 x bark thickness)

5.14
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5. 1 5 Root collar diameter

Definition

Root collar diameter is the diameter of the stem of a small tree where it

enters the ground, but above any swelling associated with branching of
roots below ground.

Root collar diameter is used for the following purposes:

• to measure seedlings in the nursery

• to measure small trees which are shorter than 1.3 m

• when, for the species being measured, the diameter at breast height is too
small to measure, eg understorey species.

Measurement precision

Root collar diameter will be measured with a precision of 1 mm.

Methods and equipment

Root collar diameter should be measured with engineering callipers. The
callipers should be held against the stem so as not to cause bruising of the
cambium (engineering callipers can have sharp edges). The callipers should be

held at right angles to the axis of the stem, and the diameter read from the scale.

5.15
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5.16 Diameter over bark at upper stem

Definition

Diameter over bark at upper stem is the diameter of the stem measured at
right angles to the axis of the trunk of the tree at a known height from the
base of the tree.

The height of the location of the upper stem diameter is measured from the point
on the uphill side of the tree where the stem meets the soil.

Measurement precision

Upper stem diameters should be measured with a precision of 0.01 m (1 cm).

Methods and equipment

Upper stem diameters should be measured with one ofthe following optical
instruments:

• Barr and Stroud dendrometer

• Spiegel relaskop

• Spiegel telerelaskop

These are optical instruments which are used from the ground at a measured
distance from the tree and sighted onto the tree.

The equipment should only be used by trained technicians,

Barr and Stroud dendrometer is a fixed-base rangefinder.

The Spiegel relaskop, and telerelaskop with magnification power, are both based
on the principle of an optical fork.

Please refer to the operating manual of equipment before use.

The point of measurement on the stem should be within the normal taper of the
stem.

Bumps on the stem should be avoided by measuring diameter at equal distances
above and below the deformity; and then averaging the measurements.

5.16
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6. Crown measurements

6.1 Crown Dominance

Definition

Crown dominance is a scoring or ranking of the size and height of the
crown of the tree in relation to the trees around it.

It is used in the assessment of trees in permanent growth plots in native forests.

Measurement precision

Crown dominance is a score, not a measurement. The crown is scored in whole
classes. There is no measurement precision.

Methods

The following classes of crown dominance are used as shown in the following
diagrams.

Dominance classes

1 Dominant: trees with crowns extending above the general

level of the crown cover, full light from above and
much from the sides

2 Co-dominant: crown forms part of the general level of crown

cover, full light from above, some from the sides

3 Sub-dominant: tree shorter than dominant and eo-dominant trees,

but with the crown extending into their crown

cover, little direct light from above, little or no light
from the side

4 Suppressed or ingrowth: crown entirely below the general level of crown

cover with no direct light from above or the side.

6
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6.2 Keady crown class

Definition

Crowns are scored from 1 to 12 as shown in the following chart.

I

8
Spar likely to meet substantial

competition in near future

6
Good spar, high vigour, straight bole,

compact conical crown

1
Good mature crowns, well balanced and

leafy

3
Senescent,diseased or heavily damaged

(fire/dieback)

5
Poor, weak crown, may be heavily

damaged

2
Medium to poor crown not due to crown
competition; excessive branching, poor

leafiness

4
Fairly extensive crown, good leafiness and

moderate vigour

7
Medium spar & vigour.

Setback due to either competition, disease,
fire, or wind

No evidence of
substantial
restriction.

A reasonable bole
height with no
major crown

distortion

Evidence of
substantial past

growth restriction.
May have distorted
crowns, low crown

breaks or
accentuated branch

development

Mature dominant
tree.

Large size tree
with extending

permanent
branches. Crown
has space to grow

Spar/regrowth
trees. Pole crown:

active height growth
evident, semi

permanent lower
branches, no

evidence of growth
restriction

Tree

~
Other or advanced

growth forms.
Not either of the

above types; must
have evidence of

past growth
restriction

Overtopped or
substantial side

competition

No major
present

competition, ie
in a state of

release

9
Looks capable of continued growth

1 0
Poor crown, little growth expected

1 1
Looks capable of reasonable growth

1 2
Weak crown, little growth expected

6.2
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6.3 Crown form

Definition

Crown form is a score or ranking of the shape of the crown of the tree.

It is a scoring system used in the assessment of native forests.

Measurement precision

Crown form is a score, not a measurement. The crown is scored in whole
classes. There is no measurement precision.

Methods

The descriptions are supported by the following diagrams.

Crown form classes

1 Perfect: wide" deep, roughly circular

2 Good: slight faults, lopsided etc.

3 Satisfactory: satisfactory silviculturalJy

4 Poor: usually removed in thinning

5 Very poor: useless
6

I. 1. .3. 5.
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6.4 Crown density

Definition

Crown density is the visual image of the mass of foliage and branches which
make up the crown of the tree.

Crown density is a relative measure of crowns within a tree species. The score of
1 is the most dense crown for the species. The score should not be used to
compare crowns between different species.

It is a measure used in the assessment of native forests.

Measurement precision

Crown density is a score, not a measurement. The crown is scored in whole
classes. There is no measurement precision.

Methods

The descriptions are supported by the following diagrams.

Crown density classes

1. Very dense

2. Dense

3. Average

e 4. Sparse

5. Very sparse

6

I. : Z. ! 3. J s.
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6.5 Branch condition in crown

Definition

Branch condition is an assessment of the health of the branches in the
crown.

Measurement precision

Branch condition is a score, not a measurement. Branch condition is scored in
whole classes. There is no measurement precision.

Methods

Branch condition classes

The descriptions are supported by the following diagrams.

1 no dead branches in crown

2 branchlets dead or main branch dead

3 small growing branches dead

4 main growing branches dead, crown obviously dying

3.

1..
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6.6 Crown diameter

Definition

Crown diameter is the mean of the widest and narrowest parts of the crown

viewed from directly below on the ground.

Measurement precision

Crown diameter should be measured in metres to a precision of 0.1 m

Methods and equipment

The vertical projection of the crown perimeter onto the ground should be
estimated with a hand-held or staff mounted penta-prism, prism or mirror. This
instrument is also called a crown-ometer. Care must be taken to ensure that the
prism or mirror is held horizontally. 6.6
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4. write down the measurement of the narrowest part of the crown

5. measure the distance between the widest points using a fibreglass tape; when
stretched between the two points, the tape should run past the trunk of the tree

6. write down the measurement of the widest part of the crown

7. add together the narrowest and widest distances and divide this number by
two; the number will be the mean crown diameter

8. write down the mean crown diameter to the nearest 0.1 m

The method is as follows:

•••••••••••••

1. use the crown-ometer to find the narrowest and widest parts of the edge of the
crown when viewed from the ground.

2. mark the widest and narrowest points on the ground

3. measure the distance between the narrowest points using a fibreglass tape;
when stretched between the two points, the tape should run past the trunk of
the tree
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7. Tree form assessment in Radiata Pine
plantations

7. 1 Defects

Tree form is assessed by the ways in which the shape of the stem! branches
and crown of a tree is different from that of an ideal tree.

The following information for radiata pine is taken from 'Description and
assessment of stem form in radiata pine' by Elaine Birk, John Fulton and
Christopher Hotham, Forestry Commission of New South Wales Technical Paper
No 46 1989. .

The following information is a short account of that written in Technical Paper 46
which also contains important colour photographs for establishment of form
criteria. Technical Paper 46 should be referred to for detailed assessment of tree
form in Radiata Pine plantations.

A tree form assessment is carried out according to the following procedure. Each
characteristic or defect is recorded separately for each tree in an assessment area
and scored to indicate the level of severity.

Leader damage and malformation

Although the leader is technically the top 2 m of the main stem, a form
assessment restricted to this section of the stem does not provide a realistic
indication of form problems that have arisen from earlier and repeated instances
of leader defects. To address historical leader defects, the type of leader defect
which has had the most significant impact on the potential utilisation of the tree
is recorded. For example, a recent dead terminal bud on an otherwise normal
stem could be significant, but a basket whorl at 6 m high on a 15 m tree would
have more impact on utilisation than a dead tip or subsequent displacement in
one or more of the new leaders.

Leader condition is recorded as:

1. Undamaged

2. Dead apical buds as in 'dead tipping'

3. Broken leader (recent damage)

4. Displaced/replaced leader (Fig 1)

5. Multiple leaders as in a 'basket whorl' (Fig 2)

The total number of leaders (including those that have subsequently died) is
recorded. 7.1(1)
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Forks

The total number of forks is recorded. For trees with forks <1.3 m height from the

ground, the form of both stems is measured and assessed individually as in

normal plot measurements.

Foxtail

The presence or absence of a foxtail (a long leader with no lateral branches), in

either the current year's extension or in previous periods of earlier extension is

recorded as:

O. Absent

1. Present

Lean

The presence or absence of lean or arching of the stem is recorded as:

O. Absent

1. Present

Butt sweep

Butt sweep (approximately the lower 1 m of stem) is scored according to the

degree of deflection away from vertical.

1. Tree vertical or with minimal deflection causing no commercial loss.

2. Up to 30° deflection from vertical causing commercial loss. A line extended to

the ground from inside the curve where the stem straightens will fall outside

the stem at ground level.

3. More than 30° from vertical resulting in total loss of butt. This class includes

trees with double or triple sweeps in the butt (Fig 3).

Kinks

The total number of kinks is recorded. Do not count kinks associated with other

defects, for example, a kink at the base of a ramicorn, or a kink where the stem

straightens from butt sweep.

Sinuosity

Sinuosity includes both bending and twisting and is scored according to the

degree of severity. Although it is frequently possible to visually distinguish

between bends and twists, it is not necessary to record this detail.

1. Sinuosity is scored in the following classes.

2. Slight deflections (bend or twist) of the stem away from and return to vertical.

The number of minor deflections is recorded.

FIELD METHODS MANUAL STATE FORESTS OF NEW SOUTH WALES
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3. Major twist or bend displaced from vertical by an amount equal to or greater
than the diameter. Bends in this category are often U shaped and twists spiral
through a 90° angle (Fig 4). A stem would have to be cross-cut to remove
these defect s. They are unlikely to become obscured with increa sing stem
diameter. The number of major deflections is recorded .

4. Multiple continuous curves or spiral s in the stem resulting in a complete loss of
all or a major section of the leader(s) (Fig 5). The presence or absence of
continuous sinuosity is recorded as:

o Absent

Present

Ramicorns

The total number of ramicorns (large branches joining the stem at a steep angle)

and the number which are >5 cm diameter are recorded. Small ramicorns do not
generally affect utilisation (Fig 6), but stems with large ramicorn branches (usually

more than 5 to 10 cm diameter) have to be cross-cut to remove the knot.

Branches

Branch measurements are limited to the size and number of branches in the two

whorls nearest 1.3 m height from the ground. Branch numbers and diameters in
young stands are important indicators of future form . In older stands it may be
sufficient to assess trees for 'branch form ' only.

The number of branches in the two whorls nearest to 1.3 m height from the
ground is recorded.

The diameter (3 cm distant from the stem, using callipers) of the two largest

branches in each of these two whorls is recorded.

Branch form

Branch form is rated on a scale of 1 to 3. Thi s score integrates branch density,
size and angle to the stem since these charact eri stics appear to closely related.

Branch form is scored as:

1. Small , fine branche s, horizontal or> 60° from vertical , with widely spaced
whorls (Fig 7)

2. Branch ang les < 60" from vertica l, w ith a wider range in di ameter and variable
internode lengths.

3. Numerous large branches, short internodes (possib ly double w horls), and
branching angles often much < 60" (Fig 8).

Comments

Written comments on individual trees and on the stand as a whole are extremely
useful in subsequent interpretation of the data . Photographs can also be useful. 7.1(2)
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8 .. Establishing assessment plots

This section explains:

• the principles and standards for setting up plots

• which types of plots are most suited to a particular measurement exercise

• plot area measurement

• plot and tree marking and numbering

8. 1 Plot location and duration

Plots are established within a piece of forest which needs to be measured. The
plot must be large enough to contain what needs to be measured, and account
for the local variation of the site.

Plots are generally located on a map in the office, and then the location of the
plot is found by the field crew using bearings and distances from known points.
The field crew then establishes the plot which may be a permanent plot or a
temporary plot.

Temporary plots are used for measurements where only one measurement needs
to be made, and the job does not need to be repeated. .

Permanent plots are used for measurements when measurements need to be
made again on the same site and the same trees.

Plot shape and size

Plots generally come in two shapes; circular or rectangular (square). The shape
of the plot is determined by the purpose of the plot. In many cases the shape of
the plot is not very important. Circular plots are often liked because only the
centre of the plot needs to be marked. In rectangular or square plots, all
boundaries need to be measured, corner angles measured, and all corners need
to be marked.

Circular plots are used particularly in assessment of native forests because they
tend to minimise the bias in plot establishment.

Rectangular plots are used more often in plantations where it is convenient to
locate plots around the row layout. Rectangular plots are also used to assess
treatments which are done in lines, such as ploughing or weed control.

The size of the plot is determined by the purpose of the plot, but the plot will be a
size which makes it easy to multiply the measurements out to a standard area
such as a hectare. 8.1
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For example, on flat ground, the radius of a 0.01 ha plot will be 5.64m.

The measurements which come from a plot are calculated on the assumption that
the plot is flat. Of course the plots are not flat in the field, so the size of the plot
has to be altered to allow for the sloping land.

The radius of a circular plot, or the sides of a rectangular or square plot will
be measured in fractions of a metre so that the final area is an easy fraction
of a hectare. For this reason it is important that the radius or sides of a plot
are measured to a precision of 0.01 m.
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8.2 Circular plots

Circular plots are used for both temporary and permanent plots.

Circular permanent growth plots in native forests

For tree assessment in native forests the following circular plot areas should be
used:

Tree size class
DBHOB (cm)

10+

30+

50+

Plot radius
(m)

17.84

30.90

43.70

Plot area
(ha)

0.1

0.3

0.6

Method of establishing circular plots

1. in the office, locate the plot position on the map and measure its distance
from a clear point such as a road intersection or creek etc.

2. plan the best way to get to and from the plot

3. in the field, locate the plot position shown on the map by starting from the
clear point and using a tape and compass work towards the location of the

plot, remembering to allow for the difference between grid north and
magnetic (compass) north.

4. check that the forest in the plot location matches the objective of the survey

eg: plantation, regeneration, forest type, geology

5. decide on a reference or take-off point and mark it with paint on a blaze or peg

6. measure in to where the centre of the plot will be; this is an approximate
measure before correction for slope

7. mark the centre of the plot by driving a painted peg into the ground

8. stand at the plot centre and using a Suunto clinometer, take a reading of the
maximum uphill slope of the land where the plot will be

9. turn around and take a slope reading in the opposite direction

10. take the average of these two slope readings (add the two readings together
and divide by two)

11. if the ground is very broken and has several slopes on it, make the best
estimate of the general slope that you can

12. use the table 'radii of circular plots on sloping land' to find the plot radius
which will compensate for the sloping land

13. for example, if the plot is 1000m2 (0.1 ha), and the land is flat, the plot radius
will be 17.84m, but if the land hasa slope of 12°, the plot radius will be 18.04m

14. run out the tape and measure the correct radius for the plot 8.2(1)
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Radii for circular plots on sloping land
Average Length of radius of (m) for circular plots of different areas

slope
(degrees) 100 m 200 m 400 m 500 m 600 m 800 m 1000 1200 1600

m m m
0 5.64 7.98 11.28 12.62 13.82 15.96 17.84 19.54 22.57

1 5.64 7.98 11.28 12.62 13.82 15.96 17.84 19.54 22.57
2 5.64 7.98 11.29 12.62 13.82 15.96 17.85 19.55 22.57
3 5.65 7.98 11.29 12.62 13.83 15.97 17.85 19.56 22.58
4 5.65 7.99 11.30 12.63 13.84 15.98 17.86 19.57 22.59
5 5.65 7.99 11.31 12.64 13.85 15.99 17.88 19.58 22.61

6 5.66 8.00 11.31 12.65 13.86 16.00 17.89 19.60 22.63
7 5.66 8.01 11.33 12.66 13.87 16.02 17.91 19.62 22.65
8 5.67 8.02 11.34 12.68 13.89 16.04 17.93 19.64 22.68
9 5.68 8.03 11.35 12.69 13.91 16.06 17.95 19.66 22.71
10 5.69 8.04 11.37 12.71 13.93 16.08 17.98 19.69 22.74

11 5.69 8.05 11.39 12.73 13.95 16.11 18.01 19.72 22.78
12 5.70 8.07 11.41 12.76 13.97 16.14 18.04 19.76 22.82
13 5.72 8.08 11.43 12.78 14.00 16.17 18.07 19.80 22.86'
14 5.73 8.10 11.46 12.81 14.03 16.20 18.11 19.84 22.91
15 5.74 8.12 11.48 12.84 14.06 16.24 18.15 19.88 22.96

16 5.75 8.14 11.51 12.87 14.10 16.28 18.20 19.93 23.02
17 5.77 8.16 11.54 12.90 14.13 16.32 18.24 19.98 23.08
18 5.79 8.18 11.57 12.94 14.17 16.36 18.29 20.04 23.14
19 5.80 8.21 11.60 12.97 14.21 16.41 18.35 20.10 23.21
20 5.82 8.23 11.64 13.01 14.26 16.46 18.40 20.16 23.28

21 5.84 8.26 11.68 13.06 14.30 16.52 18.46 20.23 23.36
22 5.86 8.29 11.72 13.10 14.35 16.57 18.53 20.30 23.44
23 5.88 8.32 11.76 13.15 14.40 16.63 18.60 20.37 23.52
24 5.90 8.35 11.81 13.20 14.46 16.70 18.67 20.45 23.61
25 5.93 8.38 11.85 13.25 14.52 16.76 18.74 20.53 23.70

26 5.95 8.42 11.90 13.31 14.58 16.83 18.82 20.61 23.80
27 5.98 8.45 11.95 13.37 14.64 16.91 18.90 20.70 23.91
28 6.00 8.49 12.01 13.43 14.71 16.98 18.99 20.80 24.02
29 6.03 8.53 12.07 13.49 14.78 17.06 19.08 20.90 24.13
30 6.06 8.57 12.13 13.56 14.85 17.15 19.17 21.00 24.25

31 6.09 8.62 12.19 13.63 14.93 17.24 19.27 21.11 24.37
32 6.13 8.66 12.25 13.70 15.01 17.33 19.37 21.22 24.50
33 6.16 8.71 12.32 13.78 15.09 17.43 19.48 21.34 24.64
34 6.20 8.76 12.39 13.86 15.18 17.5,3 19.59 21.46 24.78
35 6.23 8.82 12.47 13.94 15.27 17.63 19.71 21.59 24.93

36 6.27 8.87 12.55 14.03 15.36 17.74 19.84 21.73 25.09
37 6.31 8.93 12.63 14.12 15.46 17.86 19.96 21.87 25.25
38 6.36 8.99 12.71 14.21 15.57 17.98 20.10 22.02 25.42
39 6.40 9.05 12.80 14.31 15.68 17.10 20.24 22.17 25.60
40 6.45 9.12 12.89 14.41 15.79 18.23 20.38 22.33 25.75

8.2(2)
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Border trees

Decisions will always have to be made about whether a tree is in or outside
the plot

A tree is in the plot if more than half its diameter at breast height is
within the plot

A tree is out of the plot if more than half its diameter at breast height is
outside the plot

Equipment for laying out and measuring circular plots
The following is a check list of equipment which will be needed to layout
and measure circular plots in forests:

o 50 m fibreglass tape 0 stainless steel wire cut to length

0 compass 0 flagging tape or spray paint

0 diameter tape 0 brush hook

0 Suunto clinometer, Haga 0 booking board
or height sticks

0 wooden pegs 0 plot sheets

0 yellow paint 0 scientific calculator

0 paint brush 0 28 pencil & eraser

0 hammer 0 pocket knife

0 label punch 0 yellow crayon

0 dymo label machine 0 back pack ~£'5K "'

0 stainless steel label tape
,... _" _"..J:-......~

Numbering and marking trees in circular plots

The system for numbering trees in circular plots depends on whether the trees are
naturally regenerated as in a native forest, or whether they are in rows in a
plantation.
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In circular plots in native forests, start numbering trees from the tree closest
to the centre of the plot on a northerly bearing, and move, north, then
clockwise and in and out of the radius of the plot

In circular plots in plantations, start numbering trees at the northernmost
tree on the westernmost row.

Numbering trees in native forest

1. read the following notes and look at the examples in the following
diagram

2. take a compass bearing and have an assistantstand on the edge of the
plot at magnetic north.

3. tree number 1 will be the closest tree to the centre of the plot on a
northerly bearing

4. measure the distance of the tree from the centre of the plot and take a
compass bearing on the tree; record the distance and bearing

5. number the tree so that it can be seen from the centre of the plot

6. move through the plot in a northerly direction towards the boundary of
the plot and number trees in sequence

7. work clockwise and back towards the centre of the plot, recording

distances and bearings, and numbering trees in sequence

8. when back at the centre of the plot, move clockwise and out towards
the edge of the plot again numbering trees in sequence

9. continue moving through the plot in a zig-zag along the radius until all
trees are numbered

10. it is important that the measuring tape is walked in and out of the radius
to confirm the boundary of the plot

11. if the plot is a permanent plot, paint and number DBH lines on each
tree

8.2(3)
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8. if the plot is a permanent plot, number and paint DBH lines on each tree
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STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59

6. when the boundary of the plot is reached, move on to the next row and

continue working in a zig-zag path along rows until all trees in the plot

have been numbered

9. record the compass bearing and distance to tree No 1 from the centre of

the plot

7. it is important that the measuring tape is walked in and out of the rows

each time to confirm the boundary of the plot

5. when the boundary of the plot is reached, move to the next inner row

and move back along the row, numbering trees in sequence

3. paint the number on the tree so that it can be seen from the centre of the

plot

2. take a compass bearing and start with the northernmost tree on the outer

row. If rows are running N-S, then start at the northernmost tree on the

western most row.

4. move along the row that tree number 1 is in, numbering trees in

sequence

10. draw a plot diagram showing the row direction and marking sequence

for the plot

Numbering trees in plantations (trees in rows)

1. read the following notes and look at the examples in the diagrams to

the right which show numbering in rows of different orientations
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Or: stainless steel wire method

Either: bell wire method

• paint

STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59

Attach the label to the tree in one of the following ways:

1. Cut stainless steel wire to 30 cm length

2. Punch the tree number on stainless steel dymo tape, and punch hole in

tape

3. Attach wire to the label

• tie the label onto the tree with 0.5 mm diameter stainless steel welding

wire available from:
KANTHAL Australia Pty Ltd

PO Box 9, 5mithfield, 2164

1. Loop bell wire around tree and twist loose end around wire 3 or 4 times

to form a noose.

This is best suited for seedlings, or for trees in non-permanent plots.

• use the correct stainless steel tape: Esselte Dymo 301242

• stainless steel dymo punch label

• use the correct model of dymo machine which is strong enough to label

the tape: Esselte Dymo 310110 Mll Tapewriter. Available from:

Esselte Dymo
126 Hassall 5t, Weatherill Park, 2164
Phone: 02 616 7000
Fax: 02 604 8714

Tree numbers can be put on stainless steel tape using a dymo labelling

machine. The following points are important:

Tree numbers can be painted on, but make sure that the paint is the right

colour (white for management and inventory and yellow for research), that
it is weather resistant, and that the bark of the tree will not be shed easily.

Marking numbers on trees

Trees can be numbered in two main ways:

2. Pull wire through noose so that wire is firmly against the bark but with

freedom to move as the tree grows

3. Cut wire to length, leaving sufficient wire hanging to allow for tree

growth

. 4. Attach stainless steel label to the end of the wire
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4. Place the loose end of the wire at a point on the stem above 1.3 m

5. Using a flat punch, hold the wire under the punch about 2 cm from the
end of the wi re

6. Punch the wire into the bark of the tree until it is held firmly

7. Remove the punch from the bark by working it up and down, but be

careful not to pull out the wire

8. The label should be held firmly in the bark of the tree which will grow
over it, and it will be resistant to fire; the fine wire does not cause

problems at harvesting and processing.

8.2(5)
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8.3 Rectangular and square plots

Rectangular and square plots are most often used in research and assessment in
plantations, although they can be used for a wide range of other purposes.

The shape and size of these plots will be determined by the purpose of the work.

Most rectangular plots will consist of a gross plot with an internal plot which is
used for assessment. The purpose of this design is to provide one or more rows of
buffer trees around the trees in the assessed plots.

Trees on the edge of a treated plot will be affected by competition with larger or
smaller trees in neighbouring plots. These edge trees will grow differently from
the trees inside the treated plot.

Rectangular plots containing trees which will grow at different rates across
an experiment must be established with internal plots and one or more rows
of buffer trees in order to protect the growth rate of trees in the internal
measured plots

Rectangular plots established without buffer rows to shield the assessed trees will
have a very short useful life because the trees around the edge of the plot will
affect measurements in the plot. This applies to a wide range of trials including
fertiliser trials, species trials, progeny trials, and soil treatment trials.

Rectangular plots will usually consist of the following:

• Gross plot the whole area of the plot

• Internal plot an area inside the gross plot which is used for assessment

• Buffer one or more rows of trees around the gross plot.

8.3(1 )
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Methods of establishing rectangular plots

The size of a rectangular plot should be a convenient fraction of a hectare. In
plantations this can be done if the plots are established before trees are planted.
If the plots are established around trees which are already growing, then the
distance between rows will determine the width of the plot. For example if the
rows are approximately 3m apart, the width of the plot will be in multiples of
approximately 3m.

It is important to understand that the width between the rows will vary across the
site. In a plantation with rows planted nominally 3m apart, a plot that is 6 rows
wide might vary in width between 12m and 24m.

It will not be possible to layout plots of an exact size in plantations which
have already been established. Because of this, the area of each rectangular
plot established in an existing plantation must be surveyed accurately.

When establishing plots in plantations it is easier to establish plots with a set
number of rows and trees, and then survey the exact area of the plot.

The following, procedures for establishing a plot assume that the experiment has
already been designed. If you need to learn how to design an experiment and the
number of treatments, plots, and replications or blocks, you should talk to a
research officer and follow a statistic text book.

e'
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Equipment for laying out and measuring rectangular plots

The following is a check list of equipment which will be needed to layout
and measure rectangular and square plots in forests:

compass

diameter tape

Suunto clinometer, Haga
or height sticks

o 50 m fibreglass tape

o
o
o

o stainless steel label tape

o stainless steel wire cut to length

o flagging tape or spray paint

o brush hook

plot sheets

booking board

2B pencil & eraser

yellow crayon ~_:r.: I

back pack J£'S!\~
,-.. _" _"..J-.....~

o angle reader

o
o
o
o
o

o wooden pegs

o yellow paint

o paint brush

o hammer

o label punch

o dymo label machine

Laying out plots before site preparation and planting

It is easiest to layout plots before the trees have been planted because
you can control the size and orientation of the plots, and the stocking,
or number of trees in the plots when they are planted.

You have been given the design of the trial on paper and it is up to your
team to make it happen on the ground.

1. Estimate the dimensions of the whole experiment and decide whether it
will fit on the piece of land; it will be useful to have the person who
designed the experiment in the field to help place it because some
alterations may need to be made to the layout, and some areas may
need to be avoided

2. Depending on the purpose ofthe experiment, one strategy is to layout
more plots than are required, and then exclude some plots which have
rocks or old wood heaps etc.

8.3(2)
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8. Read the bearing of this sighting (A-B) from the scale under the sights.

10. Have an assistant with a ranging pole mark the new sighted boundary

by standing at point C.

STATE FORESTS OF NEW SOUTH WALES
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4. Put a temporary wire marker at the junction of each plot which is inside
the block of plots.

5. Once the boundary along the rows has been fixed, measure the distance
which will include the required number of rows at right angles from this
boundary. Use an angle reader to find the right angle (900

) between the
boundaries as follows.

6. Have an assistant with a ranging pole stand on and mark the boundary
at point B. The assistant should be as far away as possible but still
within sight.

3. Once the dimensions and location of a block or replicate has been
agreed it can be laid out. Decide on the position for the outer row of

the block (line A-B) and measure along it with a fibreglass tape.

7. Set up the angle reader on a tripod at point A. Make sure that the base
of the angle reader is horizontal, and sight down the outside boundary
(A-B) which has already been laid out.

9. Take 90 0 from this bearing (or add 900 to the bearing depending on

which way you want to look). This will be the sighting for the next
boundary (A-C).

11. Place a ranging pole on the exact corner of the plot where the angle
reader was standing (A).

12. Move the angle reader across the rows to the new corner and set it up
on its tripod at point C. Make sure that the base of the angle reader is
horizontal.
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13. Sight back from point C to point A and write down the bearing.

14. Take 90° from this bearing (or add 90° to this bearing depending on
which direction you want to look) and write down the new number.
The new number will be the bearing from C to O.

15. Have an assistant with a ranging pole mark the new sighted boundary
by standing at point O.

16. Place a ranging pole on the exact corner of the plot where the angle
reader was standing (C).

17. Move the angle reader along the rows to the new corner and set it up on

its tripod at point O. Make sure that the base of the angle reader is
horizontal.

18. Sight back from point 0 to point C and write down the bearing.

19. Take 90° from this bearing (or add 90° to this bearing depending on

which direction you want to look) and write down the new number.
The new number will be the bearing from 0 to B.

'20. When you turn the angle reader to the new bearing O-B, you should see

the ranging pole which was placed at point B. If you don't see the
ranging pole, one of the following has happened:

• the ranging pole has fallen over

• you have stuffed up and will have to start again.

Follow the procedures shown above until you have installed all the plots

and marked them with temporary markers such as wire pegs flagged with
marking tape.
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Establishing internal plots

Internal plots are established in the same way as the larger plots. The
lengths of the sides of the internal assessment plots must be measured and
recorded accurately. This also applies to the angles in the corners of each

internal plot.

What to do when the site is already prepared

Unfortunately, the normal case is that rows are not parallel in a plantation.
The normal case is that rows converge or diverge depending on what the

tractor driver was doing when he was ploughing the ground, or how well
the planting crews followed the plan, or whether woody debris made it

difficult to follow straight lines.

STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59

FIELD METHODS MANUAL



In some cases the rows may have been established on the contour, and may
curve around the slope with extra rows coming in, or rows stopping. On
steep ground which has been ploughed on the contour, the problems of

establishing rectangular plots may be so great that it may be best to establish

circular plots as shown in the following diagram.

When the rows are not parallel you have to measure and record accurately
the length of each side of the plot, and the angles in the corner of each plot.

These measurements will be used to work out the area of the plot.

Slope measurement

The area of each plot needs to be adjusted for the slope of the plot because

land areas are calculated on the basis of horizontal land.

Using a Suunto clinometer, take a reading across the most sloping part of
the plot and write down the slope. This will be used to calculate the

horizontal area of the plot.

Calculating plot areas and adjusting for slope

The area of a rectangle or square is the length times the width. If a plot is on

sloping ground, its area needs to be corrected for the slope. This can be

done by using the following formula:

Area of rectangle plot = length x breadth x cosine mean angle of slope

8.3(4)
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Numbering and marking trees in rectangular plots

6
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4. Continue to number the trees in the rows by following the rows in a zig
zag fashion as shown in the following diagram

Number sequence for trees

1. Trees should be numbered from the northern-most corner of the plot.

2. Numbering should then proceed along the row either towards the west or
towards the south depending on the row orientation

3. At the end of the row, cross over to the next row and come back east or
north along the row depending on row orientation.

5. If there is a gap where there should be a tree, write a note on the
assessment sheet to say that the gap exists.
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Marking numbers on trees

Trees can be numbered in two main ways:

• paint

• stainless steel dymo punch label

Tree numbers can be painted on, but make sure that the paint is the right

colour (see below), that it is weather resistant, and that the bark of the tree

will not be shed easily.

Tree numbers can be put on stainless steel tape using a dymo labelling

machine. The following points are important:

• use the correct stainless steel tape: Esselte Dymo 301242

• use the correct model of dymo machine which is strong enough to label

the tape: Esselte Dymo 310110 M11 Tapewriter. Available from:

Esselte Dymo
126 Hassall St, Weatherill Park, 2164

Phone: 02 616 7000
Fax: 02 604 8714

• tie the label onto the tree with 0.5 mm diameter stainless steel welding
wire available from:

KANTHAL Australia Pty Ltd

PO Box 9, 5mithfield, 2164

Attach the label to the tree in one of the following ways:

Either: bell wire method

This is best suited for seedlings, or for trees in non-permanent plots.

1. Loop bell wire around tree and twist loose end around wire 3 or 4 times

to form a noose.

2. Pull wire through noose so that wire is firmly against the bark but with
freedom to move as the tree grows .

3. Cut wire to length, leaving sufficient wire hanging to allow for tree

growth

4. Attach stainless steel label to the end of the wire

Or: stainless steel wire method

1. Cut stainless steel wire to 30 cm length

2. Punch the tree number on stainless steel dymo tape, and punch hole in
tape 8.3(5)
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3. Attach wire to the label

4. Place the loose end of the wire at a point on the stem above 1.3 m

6. Punch the wire into the bark of the tree until it is held firmly

STATE FORESTS OF NEW SOUTH WALES
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7. Remove the punch from the bark by working it up and down, but be
careful not to pull out the wire

5. Using a flat punch, hold the wire under the punch about 2 cm from the
end of the wi re

8. The label should be held firmly in the bark of the tree which will grow
over it, and it will be resistant to fire; the fine wire does not cause
problems at harvesting and processing.
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8.4 Marking and numbering plots

Permanent plot markers

The peg which is labelled to identify the plot will be placed in the northern
most corner of a rectangular plot, and in the centre of a circular plot.

• Plots should be marked with pegs painted with the correct colour (yellow,
white or blue as shown below). Flush-driven wooden dumpy pegs (50 x 50 x
250 mm sharpened at one end) are used to mark the location of numbered
pegs at plot corners. These flush-driven pegs can be used to re-establish plots
if the taller pegs are removed or broken.

• In plantations, plot corners will normally occur between tree rows. The sides
of the pegs should be angled into the rows.

• The side of the peg facing into each plot should be marked with a metal tag to
indicate the plot number.

Plot numbering sequence

In experiments where there are a large number of square plots adjacent to one
another, plots should be numbered in a zig-zag sequence starting with the plot in
the northern-most part of the area and working in a zig-zag fashion along and
down rows towards the east and south as shown in the previous diagram.
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8.5 Standard paint colours for markers

Coloured paint is used to identify the part of the organisation which is doing the
work.

The following paint colours should used when marking pegs and trees;

white

yellow

blue

orange

management and inventory

research

flora/fauna

survey

• • • • • • • • • • • • • 8.5
STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59

FIELD METHODS MANUAL



FIELD METHODS MANUAL STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER N0.59



9. Foliage sampling

9.1 Eucalypts - Plantations and regrowth forests

Leaf samples for chemical analysis of eucalypt plantations and regrowth trees

provide sound estimates of nutrient status.

Most chemical elements are unevenly distributed within broad leaved plant leaf

tissue. Petioles, midribs and leaf tissues contain different amounts of various

elements of interest. Most nutritional elements are found to exhibit a strong

seasonal variation and to be represented in varying amounts in leaves in different

stages of physiological development or in leaves which have been exposed to
different levels of light. That is, elements reach their maximum concentrations in

leaf tissue at different times of the year.

With all these variables to contend with, it is most important that strictly
standardised methods are used for sampling foliage so that any errors can be kept

to an absolute minimum. If this is not done, the use of foliar chemical analysis for

assessing nutrient status, determining uptake of fertilizer application, and for

diagnosing nutrient deficiencies within plantations; and for ecological and
environmental purposes within regrowth forests will be ineffective or even

misleading.

The sampling of tree foliage is an expensive and inconvenient procedure if the

trees are more than a few years old. No other part of the tree has been shown to

be of consistent value for diagnostic purposes. The number of trees sampled

should be kept to the minimum necessary, balancing cost of sampling and

chemical analyses, and variability within the stand. Bulking of samples from a
number of trees must be done carefully and in proportion to the number of trees

(that is, by ensuring there are equivalent weights or numbers of leaves from each
tree).

There are some sampling difficulties with young eucalypts, primarily related to

the identification of leafflushes and growth patterns. Provided that it is kept in

mind when interpreting the chemical results, the optimum sampling procedure is
to take the most recently fully expanded leaves in the top third of the crown.

Plot selection

Plots need to be established to give an estimate of the growth. Information needs

to be presented as per the attached example.

Selection of trees for sampling

Depending on the purpose of eucalypt foliage sampling, one or a couple of trees
may be sampled per plot or area, or leaves needs to be bulked from as many as
6-10 individual trees. If trees are small and/or less than about 3 years of age, it is 9.1 (1)
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Please advise day of despatch so that we are prepared for delivery of samples to

the Research Division. The samples should be clearly labelled. Photocopies of
plot measurement and description sheets should accompany the samples.

Despatch of Samples to the Laboratory

Each separate sample for chemical; analysis is put in a separate paper bag which

should be folded and stapled closed. Bags from the same plot are then stapled

together. Each bag needs to be marked clearly in marking pen with:

The samples should be sent to the laboratory with a completed "Eucalypt Foliage

Sample Information Sheet". The samples need to be forwarded immediately
(within 24 hours) for.drying to the Regional Research Centre or by Courier

transport to the Research Division. The drying takes place in a forced draught

oven at a maximum of 70°C for no more than 16 hours.

STATE FORESTS OF NEW SOUTH WALES
TECHNICAL PAPER NO.59

Method for Sampling Leaves

The sampling is undertaken in the middle of winter. The method for sampling

eucalypt leaves is to select leaves which are less than one-year-old from a

branch(s) in the top third of the crown. All the recently matured leaves which are
not insect damaged or 'shot-holed' are removed from the branch immediately

after collection, mixed and a subsample taken for subsequent chemical analysis.

The developing leaves at the tip of the branch are not included in the sample. At

least 4 good handfuls of leaves are required per sample - the very minimum size

of a sample is 20 mature leaves, but more leaves will mean the sample is more

representative of what is being sampled. The leaves are despatched to the

Chemical Analytical Group of the Research Division for drying and chemical
analysis.

preferable to bulk leaves from 6-10 trees. In this way, the sample for chemical

analysis is then more representative of the variation within the stand. For large
trees, however, due to the time consuming nature of the sample collection (which

is usually done by shooting branches from within the upper crown), as few as 1-2

trees are suitable if the stand is reasonably uniform. In this latter case, the

selected trees need to be typical ofthe stand being studied. In all cases, different

tree species need to be sampled separately - not included as a 'mixed' bag.

i. State Forest

11. Com partment

iii. Plot No.

iv. Age of stand

v. Sample No.

VI. Species

vii. Date of sampling
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EUCALYPT FOLIAGE SAMPLING INFORMATION SHEET
(Each Section must be completed before sending to Research Division)

SAMPLE NO. SPECIES SAMPLING DATE

REGION DISTRICT STATE FOREST

AGE CLASS CPT.NO PLOTNO.

AMG GRIDREP. SAMPLED BY

PLOT TYPE (Please complete where possible)

REASON FOR SAMPLING GENERAL APPEARANCE

PARENT ROCKCODE SLOPE MORPHOLOGY TOPOGRAPHY ASPECT

STAND PARAMETERS
MEANDBHOB(CM) DOMINANT (M) BA (M2/HA) STOCKING (ST/HA)

FERTILIZER HISTORY (Where applicable)

ATPLANTING NIL/SLIT/SPOT/BROADCAST BRAND NAME/S RATE/S KG/HA

OTHER TIMES YEARAPPLIED BRAND NAME/S RATE/S (KG/HA)

1

2

3

COMMENTS: .

9.1 (2)
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9.2 Conifers

Foliage samples for chemical analysis of conifer plantations provide sound

estimates of nutritional status and can be used to prescribe fertiliser applications.

Most nutrient elements exhibit strong seasonal variations in conifer foliage, and
nutrient elements vary within the crown of the tree. Because of these factors it is

very important that the sampling method is standardised, and that the sample is

treated properly after collection and dispatch to the laboratory.

Timing of sampling

Foliage sampling is carried out after the onset of dormancy, usually in late May/

June and should usually be completed by the end of July. The sample collected
for chemical analysis has to represent the full extension of the previous twelve
months' growth and for interpretative purposes it is directly applicable to other

samples.

Number of samples

If the stand has not yet reached crown closure, then samples should be taken
from six co-dominanttypical trees in each plot (i.e. not the tallest or smallest

trees). However, if crown closure has occurred (may be aged nine or over,

depending on the development of the stand) only two co-dominanttrees need to

be sampled. In very advanced stands that are uniform (e.g. 2nd, 3rd, 4th thinned

stands) one sample may be sufficient if samples are hard to collect. The eo
dominant trees selected should be typical of the trees in the plot.

Sampling method

From each eo-dominant typical tree selected for sampling the sample should

represent the full extension of the previous 12 months' growth on the second

main whorl beneath the leading shoot - except when trees are 1-3 years of age in
which case the sampled shoot(s) should be from last season's whorl.

Where necessary (for example with very young or very poor growth trees), all
shoots on the whorl are included but generally only one branch is selected. All

the needles on the shoot (with the exception of small needles next to the bud) are

removed from the stem, placed in a paper bag and labelled accordingly.

Approximately 4 good handfuls of foliage needles are required per sample. This

represents at least half the capacity of a 1kg paper bag.

Samples can be collected by hand on young trees (3-5 years of age). On some

older trees, it may be practical to use a high pruning saw or ladder, otherwise it

will be necessary to shoot branches from the tree. If shooting is necessary, it is

likely that only 1-2 trees will be required to be sampled.

9.2(1 )
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Position of sample

11'

1'c.5ITiClN cF'SRMPL.£'

R Ridge

M Mid slope

V Open depression

STATE FORESTS OF NEW SOUTH WALES
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7) Feld - quartzose - A

8) Feld - quartzose - B

9) Feld - micaceous

10) Feld - micaceous

11) Ferro-magnesium

12) Magnesium-silicate

H Hillock

U Upper slope

F Flat

Sampling intensity

At least 5 plots/Management unit

Pre-crown closure sample 6 eo-dominant trees/plot

Post-crown closure sample 2 co-dominant trees/plot

Reason for sampling

1. Observed poor growth

2. Observed deficiency symptoms

3. Areas with potential for post-thinning fertilization.

4. Areas recently fertilized to enable an assessment of growth response.

5. Age classes which are currently performing well, yet may be capable of

response to fertiliser.

6. Other (specify), add a separate page if necessary.

FQl.lr'4E SAMPL£:
1"RE~~ Mo~ 'rF'fAN

:3 'r'l:AIl..$ ---r-'
\ '

"\ ...

Parent rock code

0) Unspecified

1) Carbonaceous

2) Quartzose

3) Sesquioxide

4) Calcareous

5) Argillaceous

6) Micaceous-chloritic

FIELD METHODS MANUAL

Slope morphology

C Crest

S Simple slope

L Lower slope

D Closed depression



Each sample (i.e. from each tree) is put in a separate bag which should be folded
and stapled closed. The bags from each plot are then stapled together. Mark each
bag clearly, in marking pen, with:

I. State Forest

ii. Compartment

iii. Plot No.

iv. Age Class

v. PEGP, PPGP or PMIP number if appropriate

VI. Sample No.

vii. Date of sampling

The samples should be sent to the laboratory with a completed "Crop Log
Sampling Information Sheet".

Forward the samples immediately (within 24 hours) for drying to the Regional

Research Centre or by Courier transport to the Research Division. The samples

need to be dried at 70°C in a forced draught oven for 16 hours within 24 hours of
collection. The samples should be clearly labelled. Photocopies of plot

measurement and description sheets should accompany the samples.

Previous land use

1. Hardwood forest

2. Cleared or partially cleared timber with native pasture.

3. Introduced pasture species without legumes (i.e. no clover, lucerne, etc).

4. Introduced pasture species including legumes.

5. Rehabilitated land (mine, spoil, eroded land, etc).

6. Previous pine plantation.

7. Other.

9.2(2)
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CROPLOG SAMPLING INFORMATION SHEET

(Each Section must be completed before sending to Research Division)

SAMPLE NO. SPECIES SAMPLING DATA

REGION' DISTRICT STATE FOREST

AGE CLASS CPTNO. PLOT NO.

AMG GRID REP. SAMPLED BY

PLOT TYPE

PEGP PPGP PMIP OTHER (specify)

REASON FOR SAMPLING GENERAL STAND APPEARANCE

PARENT ROCK CODE SLOPE MORPHOLOGY TOPOGRAPHY ASPECT

PREVIOUS LAND USE PREVIOUS SAMPLING YEARS THINNING DATE/S

STAND PARAMETERS

MEAN DBHOB (CM) DOMINANT HT (M) RA. (M'/HA) STOCKING (ST/HA)

FERTILIZER HISTORY

AT PLANTING NTI.-/SLIT/SPOTjBROADCAST BRAND NAME/S RATE/S KG/HA

OTHER TIMES YEAR APPLIED BRAND NAME/S RATE/S (KG/HA)

1

2

3

COMMENTS: e.g. disease, incidence, insect attack, fire/ice/snow/wind, poorform, deficiency

...................................................................................................................................................................................

...................................................................................................................................................................................

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • • • • • • • • • • • • • • • i ••••••••••••••••••••••••••••••••••••• • • • • • • • • • • • • • • • • •

COMPLETE 1HIS SECTION IF STAND IS LESS THAN 6 YEARS OLD

HERBICIDE AT PLANTING NO YES SUBSEQUENT HERBICIDE/S YEAR/S

WEED COMPETITION I NONE SEVERE GRASS LEGUME

LAND PREPARATION WINDROWjBURN RIP PLOUGH
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CROPLOG DATA SHEET

PLOTNO. STATE FOREST

PLOTAREA COMPARTMENT AGECLASS SECTION

PARENT MATERIAL PREVIOUS LAND USE SLOPE ASPECT
PARENT ROCK CODE

Tree .Height Diam Boron Comments
No. (m) (cm) Deficiency

Symptoms

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

There are additional sheets which take 'Tree No.' up to 80

9

9.2(3)
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Tree Height Diam Boron Comments
No. (m) (cm) Deficiency

Symptoms

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50
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Tree Height Diam Boron Comments
No. (m) (cm) Deficiency

Symptoms

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80
9.2(4)
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The Research Division
produces publications in
Technical Paper, Research Paper
and Forest Resources Series.

Copies and further information
are available from:

Publications Officer
Research Division
State Forests of NSW
PO Box 100
Beecroft NSW 2119

Tel. (02) 8720111
Fax. (02) 871 6941
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