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[FL], now that we are nearing the end of this course and your exams are close by let us

have this class and the next class as recap or revision sessions.
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39. Recap-1

Dr. Ankur Awadhiya, IFS

So, let us begin the first recap session.



(Refer Slide Time: 00:28)

I i Introduction I
Dr. Ankur Awadhiya, IFS

So, we began this course with the introduction, in which we looked at what do we do in

forest biometry.
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What?
* Bio = relating to life
etry = measurement
blometry DAI'DMILT | (also biometrics | DAI3(U
noun
the application of statistical analysis to biological data.

So, it was that our forest is a land covered with trees and undergrowth, it is outside

biometry is a measurement that is related to life, so we are essentially measuring the

parameters that are related to the life in the forest.
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I Whyr? I

Why do we do it? Because we need to manage our forest stands for different purposes,

and we need our measurements, so that we can properly manage our forest.
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At what scalef’ y
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We do forest biometry at different scales. So, one instance you can measure a small

forest that is in a local region, you can take district wise measurements, you can take
regional managements or state wise measurements or you can even go for a national or

an international level of biometry for say things like carbon sequestration global
warming and so on.
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Time-span

NOW ®p FUTURE

The time span is now as well as future. So, you can take measurements now and you can

use it to predict the future. So, that is the utility of forest biometry.
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What do we measure?

CANOPRPY HEIGHT

LENGTH

Now what do we measure in the case of forest biometry? We measure a number of things
that we have already seen. So, those are the canopy diameter, canopy height the diameter
of the tree, the height of a tree the length of a log, diameter of a log volume of a log
density biomass also in this case we can look at the canopy cover and the canopy closure

we know the difference between both of these.
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What do we measure?

STAND
PARAMETERS| &

| R LT

BON SEQUESTRATION
oL R

And also we can look at the stand parameters like stand volume carbon sequestration bio

diversity index.
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How?

We measure a number of values that we have seen in this course, we use a number of

equipments.
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Complexities

1. How to access this site?
£2. How to take instruments to
J  thissite?

|3. Where do we stand?
Where do we measure
diameter?

. How to deal with knots?

. Where does canopy begin?
. To what height do we take
the branch as a log?

. How to deal with forking?

There are also a number of complexities that are involved, that we have seen where do
we go to measure the height of the tree, what are the different ways of measuring heights
of these trees, what are the standard places at which we measure heights, what does

diameter at breast height and so on.
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2. Recap of formulae:
Area and volume

Dr. Ankur Awadhiya, IFS

In the second class we looked at a recap of formulae for area and volume.

(Refer Slide Time: 02:50)

Triangle
Perimeter=a+b+¢C
Area = bxh
teral triangle of side a h C

So in the case of a triangle, the perimeter is the some of the sites the area is half of base
cross a base and height. In the case of an equilateral triangles the perimeter is 3a the area

is root 3 by 4 a square.
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Rectangle

In the case of a rectangle the perimeter is twice of a plus b, the area is a times b in the

case of a circle.
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Circle

We have diameter is twice of the radius perimeter is 2 pi r area is pi r square, in the case

of an ellipse with these two axis 2 a and 2 b.
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Ellipse

We have the equation of the ellipse as x square by a square plus y square by b square is

1, the area is given by pi times a times b.

So, in the case of most trees we take their cross sectional areas as either circular or

elliptical.
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Cuboid

Area of lateral surface =2 x h

end surface =2 x | x

+ Total surface area=2 x (I x b

h+1xh)

Now in the case of a cuboid we take the volume as length times breadth times height | b

h, the area of the lateral surfaces is the area of a these rectangles that are making the



lateral surfaces. So, 1 2 3 on the back and 4 on this side, area of the end surface is this
area plus the area of the bottom surface, the total surface area is the sum of all these

areas.
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Cylinder

2T

* Areaof circularend =m x r

» Total surface area =2 x mx r

(h+r)

3

In the case of a cylinder, we have volume given by pi r square h, the area of the lateral

surface is 2 pir h.

So, we used this equation of volume when we were taking our stem to be of a cylindrical
shape or form, now we also know the area of the circular end and the total surface area.

So, area of the circular end is used to calculate the basal areas.
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Volume =(1/3) xmxr
=N
» Area of lateral surface =m x r
< |
» Areaof circularend =m x r
» Total surface area =1 x r x (| 2%

+1)

Now in the case of cones, so this conical shape is used in the case of canopies volume as
1 by 3 the volume of the cylinder, and the lateral surface area is pi r | and the end surface

area is pi r square giving us our total area of pir I plusr.
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e d=2xr
* Surface area=4 x T xT
* Volume=4/3 xmxns

Now, in the case of a sphere the diameter is twice of radius, the surface area is 4 pi r

square and the volume is 4 by 3 pi r cube.
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Calculate packing density of
trees 1or

1. square packing

2. hexagonal packing

Which of these should be
recommended for the highest
number of trees per hectare of
the forest?

Now we used these equations to calculate the packing density of trees in a forest. So, we

can put our trees in a squarish packing or in the case or we can put it as hexagonal

packing in which they form an equilateral triangle and we calculated the packing density

for both of these.

Solution
In the square of side d, there are
four quarter-circles, or 1 full
circle
Area of square = d
Area of circle = d?/ 4
Thus, packing density
= Area of circle / Area of square
=1/4
=78.5%
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Etymology

* Trigon = Triangle
 Metron = Measurement
* Trigonometry = Measuring the sides of a triangle

Now, next we did a recap of trigopnometry, in which we looked at what this word means,

it means measuring the sites of a triangle.
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Angle

* Measure of rotation of a ray
about its initial point called
vertex

* Measured in degrees

* One full rotation = 360

VERTEX INITIAL SIDE

We defined what an angle is.
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Angle

i Angle is also measured in
[ radians

The radian measure |
ratio of the length of an arc to

’ the radius of the arc

o Thus,8=1[/r

* One full rotation =

Thus, 360° = 2 radians

It is measured either in degrees or in radians.
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Example

And we can convert a degrees into radians and also radians into degrees.
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20'=(20/60)°=0.33
40°20' = 40.33
60° = 2n radian

360 radian

Convert 40° 20" into radians

= ).3 2 ?r‘f)
radl
= 40.33° = 0.224 n radian
= 40.33° = 0.703 radian
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Basic relations

* a=cxsin(6)
* b=cxcos ()

) « a=bxtan(6)

Next we saw some basic relations what is sin theta cos theta and tan theta. So, sin theta is
the perpendicular divided by the hypotenuse, the cos theta is the base divided by the
hypotenuse, tan theta is the height divided by the base and tan theta is something that we

use most frequently when we are trying to measure the heights of trees.
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Basic relations

» cosec (8)=1/sin(6)
a C
* sec (8)=1/cos (6)
0 * cot(6)=1/tan(B)
b

We also refined some other values cosec secant cot theta.
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Basic relations

* tan (B) = sin (B) / cos (6)

» cot (8) = cos (6) /sin ()

a G
* sin2(B) + cos?(B) =1
) ¢ 1+1tan?(6) = sec? (6)
b * 1+ cot?(8) = cosec? (8)

And these basic relations between these various values we also.
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Basic relations

8 sin(8) cos(8) tan(8)
0 0 1 0
30° 1/2 v3/2 1/43
5 1N2 1h2 1
60 3/2 12 3
90° 1 0 Not Defined

Looked at these some these standard values. So, now, you can measure you can just
remember one thing. So, for these standard angles 0, 30, 45, 60 and 90 your sin theta is 0
half one by root 2 root 3 by 2 and one in the case of cos you write it in the opposite
direction. So, that is also goes as 0 half one by root 2, root 3 by 2 and 1 and you can
calculate the your tan values by dividing the sin values by the cos values. So, at 0 by 1 as

0, half by root 3 by 2 is 1 by root 3 and so on. So, these are some values that you should
remember.
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Example

a=cxsin(8
* In the triangle given below, 6 2 =oxn )

=60°andc=2cm.Finda Sa=2xy3/2=y3cm

and b
b=cxcos ()
= d= 2 ||[l2=ElICM
a ¢ Check: a2+ b
=0
0 D
b = ¢? (Pythagoras theorem)



Then we did some problem statements in which we could find out the sides of a triangle

using a trigonometry.
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4. Measures of central
tendency and dispersion

Dr. Ankur Awadhiya, IFS

Next we looked at the measures of central tendency in dispersion.
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Which is greater?
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So in this case we wanted to say which of these curves is the larger curve.
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Definition

Central tendency: “a summary measure th
mpts to describe a whole set of da

1o

ue that represents the middle

at
ta with a
or
0

ith
ent

(h

We defined central tendency, which were mean.
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Example

Employees of XYZ inc. took retirement through VRS
at the following ages:

on
SN

1, 54, 54, 55, 56, 57, 57, 58, 58, 60, 60

At what typical age does an employee opt for
retirement through VRS?
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Mean

LR
==
n
* Mean =
(54+54+54+55+56+57+57+58+58+60+60 ) / 11
=623/ 11
= 56.64 years

Advantage: Can be used for continuous and
discrete data; easy to calculate

» Disadvantage: Influenced by outliers

So, mean is the sum of all the values divided by the total number of values.

(Refer Slide Time: 07:19)

+ Arranged values: 54, 54, 54, 55, 56, 57, 57, 58, 58, 60, 60

» Median = the 6" value = 57

* Advantage: Less affected by

» Disadvantage: Data needs to be in ascending / descending order

We also defined a median which is the central value when you arrange things in

ascending or descending order.
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Mode

+ “the most commonly occurring
value in a distribution”

+ In the current distribution, 54 occurs Age Frequency

3 times, which is the maximum 54 3
55 1

+ Thus, mode = 54 years 56 1
57 2

+ Advantage: Useful even for non- 58 2
numerical data 60 2

« Disadvantage: Data can even have
zero, two or multiple modes

Mode is the value that appears most frequently, but your values might be unimodal,
bimodal, trimodal or even multimodal in some cases.
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Pearson’s approximation

+ Median - Mode = 2 x (Mean - Median)
= Median - Mode = 2 x Mean - 2 x Median

= Mode = 3 x Median - 2 x Mean

We also looked at Pearson’s approximation that says that mode is 3 times median minus

2 times mean.
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Symmetrical distribution

+ All three measures: mean, median, mode are in the
middle, and can be used.

Retirement age
symmetrical distribution

545 5759 606 6365 6668

Age groups (years)

We also looked at symmetrical distributions in which we can use any three of these mean

median or mode as the middle value.

(Refer Slide Time: 07:51)

Skewed distribution

« Mean is pulled to one side; and so is not preferred

Retirement age Retirement age

Positive (right) skew Negative (left) skew

And in the case of squid distribution because mean is pulled towards one side, and so, it

does not show us the most representative value and so, it is not used in these situations.
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Dispersion

« Definition: “the extent to which a distribution is
stretched or squeezed”

+ aka variability, scatter, or spread

We also looked at dispersion which tells us.
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Frequency

x Variable

This spread between the values.
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Range

+ “the difference between the maximum (xm) and the

minimum (o) observation of the given data
* Range= X, = X,

+ Range coefficient of dispersior

So, we looked at range which is the maximum minus the minimum value, the range
coefficient of dispersion that is the maximum minus minimum divided by maximum plus

minimum.
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Example

+ The number of seeds per pod in a tree is as under

#seeds | 2 3 4 5 6 7 8 9 10
#pods | 26 | 113|120 95 | 60 | 42 |21 [ 14 | § 4

* Find the range and tf
dispersion

So, we also did some examples for this.
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fseeds| 1 | 2 [ 3[4 |5|6[7[8]9]10

#pods | 26 | 113120 | 95 | 60 | 42 |21 | 14| 5 | 4

x =10

vzl

Range=x -x,=10-1=9

Range coefficient of dispersion
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Standard deviation

» “the positive square root of the mean of the square
eviations taken from arithmetic mean of the data’

We also looked at standard deviation S, S defined as square root of sum of the squared of

a deviations around the mean divided by the total number of values.
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Example

» The heights of five dogs (in mm) are as under:
600 mm, 470 mm, 170 mm, 430 mm, 300 mm
Find the standard deviation.
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Example

« The heights of five dogs (in mm) are as under:
600 mm, 470 mm, 170 mm, 430 mm, 300 mm
Find the standard deviation.

 Mean = (600 + 470 + 170 + 430 + 300) / 5
=394

+ SD = [(600 - 394)2 + (470 - 394)2 + (170 - 394)? +

(430 - 394)2 + (300 - 394)2} / 5]12
= 147.32

We also calculated some examples and we also looked at, what it means in the physical

Sense.
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Mean + SD
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5. Graphical
presentation of data

Dr. Ankur Awadhiya, IFS

Next we looked at the graphical presentation of data.
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Why?

* Cleaner and clearer
» Better and faster understanding

» Large volumes of data

So graphical presentation is used because it is clearer and an cleaner, it permits better
and faster understanding and you can show large volumes of data to be processed very
quickly.
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Stem and leaf plots

Data: 11,12,9, 8, 15,25, 21,19
Suppose these are the heights of different saplings (in
cm) in a nursery. We need to find out the most frequent

| common heights.

Stem and leaf plots are a quick way of discerning this.

So, we looked at stem and leaf plots.
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Stem and leaf plots

Data: 11,12,9, 8, 15,25, 21,19

erval width: 10
0 8 9
1 (RS S O
2 15
Stem Leaf
unit =10 unit = 1

So for instance here we developed stem and leaf plot from this data, and we were able to

say that this value is showing a. So, this a width of 10, values between 10 to 20 are the

most frequent values in this case.
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Bar chart

For categorical data or ungrouped discrete frequency

distributions

We also looked at bar charts.
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Bar chart

% Qutput of two wood sawing factories in 1st Quarter

Histograms.
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Histogram

Number of trees of different diameter classes in a forest stand

Line graphs.
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Line graph

Output of sawn timber from a sawing factory in
the four quarters of 2016

>um)

Sawn timber (c

Quarters
A cumulative.
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Cumulative relative
frequency polygon

100

80

Cumulative
relative 60
frequency
(%)

40
aka Ogive

20

Relative frequency polygons or Ogives multiple bar charts.
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Multiple bar charts

8 Softwood
B Hardwood

Exports of softwood and hardwood from Fictionland

_____

Exports (cum)

Year
Scatter plots.
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Scatter plots

Height-diameter curves for Sal forests of different
site qualities

50

40

30

20

Height (m)

That we have used later on, and also pi charts.
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Pie chart

Composition of a mixed forest stand

Peepa
4%
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6. Shape of a tree:
Form and Taper

Dr. Ankur Awadhiya, IFS

Next we went to see the shape of a tree in the form of its form and taper.



(Refer Slide Time: 09:42)

So, essentially if you look at any tree the diameter goes on reducing as you go upwards.
So, that is known as a taper.
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And form refers to the shape of a tree.
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So, a shape of a tree is found out by a plotting it is a diameters at various heights, and we
saw that we could divide a tree into three portions the upper is.
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Upper portion: con

The conical portion followed by a paraboloid portion, followed by a neiloid portion or it
could error truncated neiloid portion.
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Tree form

‘Form’ refers the shape of a solid, the diameter /
height curve of which is determined by the power
index of x in the equation:

ye=Kkx

So, tree form is the shape of the tree which is the index of X in this equation, Y square is
equal to k X to the power of n.
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Taper

« Taper' refers to the rate
of narrowing in
diameter in relation to
increase in height of a
given 'shape'’ or ‘form'’.

* Expressed as
centimetre per metre
stem length

Taper is the rate of narrowing and we saw that a taper varies in different conditions in if
trees are close together.
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Then your taper will be less; whereas, on a windy location the taper will be high.
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Taper
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On a windy
location
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Difference between form
and taper

Fic. 310l Bove geomemnal forms thom g cumeter heght relatonships.

We looked at the differences between form and tapers. So, essentially form tells you the
shape of figure and taper tells you how quickly or how slowly does that shape go

towards a point.
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Theories of tree form

1. Nutritional theory and Water conducting theory:
The form is related to the need of a tree to
transport water and nutrients within the tree

2. Hormonal theory: Growth substances (hormones)
originate in the crown and are distributed around
and down the bole, causing radial growth and
affecting tree form

3. Metzger's beam theory: Mechanistic theory

Then we looked at theories of tree form nutritional and water conducting theories

hormonal theory and the Metzger’s beam theory.

So, in the case of nutritional theory and water conducting theory, the form is related to
the need of a tree to transport water and nutrients within the tree, in the case of hormonal
theory the hormones are generated at the tip of the tree and then they are distributed
down and around the bull which causes difference in its growth and we also looked at

Metzger’s mechanistic beam theory.
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Factors affecting the stem
profile of individual trees

+ social position within the stand
* site

* silvicultural treatments,
including

* stand density
* planting espacement
* fertiliser treatment

* genetic parameters




Then we saw a different factors can affect the stem profile of individual trees.
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7. Metzger's theory

Dr. Ankur Awadhiya, IFS

Next we went into Metzger’s theory in greater detail.
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Consider the tree stem to be a beam of uniform
resistance to bending; anchored at the base.

Then it would behave as a cantilever beam.
Wind applies a bending force to this cantilever beam.

In this cantilever, the maximum stress is on the base,
where the tree is anchored.

WIND
WIND

_ _—
_ _
— —
— —

So, in this case a your tree was a considered to be a beam of uniform resistance to
bending that is anchored at the base. So, it acts as a cantilever beam, and this beam is
subjected to wind pressures and these pressures lead to stresses and because your tree has
this uniform resistance to bending. So, it can be toppled to its side and the maximum

amount of stress will be at the base.
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Thus, the tree needs to reinforce this point by adding
more materials.
As we move upwards, away from the base, the
stresses are lower. Thus, the tree needs lesser

reinforcements at upper locations.

This results in a tapered form of the tree stem.

WIND
WIND

_ —
_— _
— —
- -

And to counteract that your tree goes on depositing substances near the base. So, the base
becomes broader, the diameter goes on increasing towards the base and decreasing
towards the top.
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P
— P force applied at free end
L d L: distance of a given cross-section
from the point of application of force
d: diameter of beam at the point
=l

Then, bending stress is given by

Then we also looked at how we can derive the shape of a tree by using this mechanistic
beam theory. So, we looked at this stress.
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P
— P force applied at free end
L d L: distance of a given cross-section
from the point of application of force
d: diameter of beam at the point
L

Now, P is given by
P=WxA
where W = wind pressure per unit area

A = crown area

Now a pressure is given by your wind pressure multiply. So, your force is given by wind
pressure multiplied by the area.
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P
— P force applied at free end
. d L: distance of a given cross-section
from the point of application of force
d: diameter of beam at the point
L

Thus S=32PxL = 322xWxAxL

mxds mxds

Since the material is considered homogeneous, S is
constant.

Thus, d3 = k x L (Cubic paraboloid)

And we use that to get the shape of a tree in the form of a cubic paraboloid and we used

Metzger theory to explain why these trees are having a less amount of taper.
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Thus, the shape of a tree bole is given by a cubic

wraholnid
100I0IU

@3 =k x L (Cubic paraboloid)

Metzger confirmed this for many stems, particularly of

w

QUCLUIT

(Refer Slide Time: 12:32)
Applications

» Trees growing inside a dense forest will have less
wind pressure = longer and cylindrical bole

» Trees growing in isolation, especially in windy
locations will have greater wind pressure = shorter,

tapered bole
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Can you now tell why timber from trees
growing in dense forests is preferred
over that from trees growing in isolation?

Whereas this tree is having a greater amount of taper and this is also used in the case of
forest management because trees that are growing in dense forest have very less amount
of taper they are more cylindrical and. So, more volume of material from that tree can be

utilized and so, they are preferred over trees that are growing in isolation.
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8. Form factors and
form quotients

Dr. Ankur Awadhiya, IFS

In the next class we looked at form factors and form quotients.
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Form factor

Summary of tree shape

* Represents the ratio of the volume of the tree to the
volume of a specified geometrical solid of similar
height and basal diameter

The geometrical solid is generally a cylinder
* So, form factor = Volume of tree

Volume of cylinder

So, we used form factor as a summary of the tree shape, and we defined it as the volume
of the tree divided by volume of a cylinder. From where do we take the values of the

diameter and height of that cylinder gives us different kinds of form factors.
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Form factor

""""""" s The form factor of a tree or stem
H is defined as stem volume
expressed as a proportion of the
volume of a cylinder of the same
height, with a diameter equal to
the stem diameter at the
selected reference point

stem volume
f = cylinder volume

Used due to the ease of
measuring the cylindrical values

So, form factors stem volume by the cylinder volume we took.
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Absolute form factor

Reference = base of the tree

stem volume
f = cylinder volume

The absolute form factor in which your basis of your cylinder is taken at the base of the
tree or the reference is taken at the base of the tree will looked at the artificial form factor
that is the most commonly utilized form factor also called as the false form factor or the
base the breast height form factor, in which your reference was a cross section at the

breast height.
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False / Artificial / breast
height form factor

afarence = hh

stem volume

f = cylinder volume
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True / Normal form factor

09xh| i Reference = 10% of height

stem volume

f = cylinder volume

0.1xh

We also looked at true or normal form factor in which you are reference was a
percentage of the height and what is the utility of form factors?
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Usage

Easy to measure breast basal area from doh

Easy to measure height of tree

Thus we can easily get the volume of the cylinder

If form factor for a particular site, species and age is

known, we can get the volume of the tree from the
volume of the cylinder

Well it is easy to measure the breast basal area from your dbh it is easy to measure the
height of the tree. So, we can get the volume of the cylinder and if you know the form
factor, then we can get to the volume of the tree itself.
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Specific breast height form factors

Cylinder 1
Neiloid 0.25(0.2-0.3)
Conoid 0.33(0.3-0.45)

Quadratic paraboloid 0.5 (0.45 - 0.55)

Cubic paraboloid 0.6 (0.55 - 0.65)

So, we also looked at specific breast height form factors next we defined.
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Form quotient

A single number depicting
the rate of decrease in stem
diameter; a ratio of diameter
at two different places on

the tree
dx

q4="d

T

To a form quotient as a single number that depicts the rate of decrease in a stem
diameter.

So, it is the ratio of the diameter at two different places on the tree. So, we defined false

form.
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False form quotient

0.5 x\h d
ol 0.5h

— qosh="4d

05xh

Quotient as your diameter at half the height we defined two form.
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True form quotient

> dy sh
s Tosh = "dy 1

04xh

0.1xh

Quotient as the ratio of two diameters at two difference percentages we also looked at

Mitscherlich form quotient and also Hohenadl’s form quotient.
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Mitscherlich form quotient

5m

(Refer Slide Time: 14:42)

Used f shantable trees

Hohenadl's form quotient

0.9 xh

0.1xh

qH = dy 1

> 1if tree height > 13 m

Affected by age

dbh
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Problem

For a Pinus patula tree with doh = 45.6 cm, height = 27.4
m and total stem volume of 1.782 cum, the bole
diameters at various heights are given in the next slide
Find the

1. True form quotient

2. False form quotient

3. True form factor

4. False form factor

Then we looked at a problem statement in which we were given the dBh height, and the
stem volume and the diameters at various heights and we were able to calculate the form

quotients and the form factors.
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Height(m) Diameter(cm)  Height(m)  Diameter cm)
B 03 50 14 30.3
3 456 16 283
2 434 18 256
4 38.8 20 219
6 37.7 22 16.1
8 35.9 24 8.7
10 346 26 37
12 33 27 0
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Solution

We plot the diameter-height curve:

Diameter-height curve for the problem

Diameter (cm)

Height above base (m)

By plotting it, getting the presentative diameters at different height and then getting the
form factors and the form quotients.
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Next, we find the interpolated diameters at various

heights:
do1n=40.2 cm
dosn = 30.7 cm

We already know that d = 45.6 cm. Thus,

: . dosh 307
False form quotient, qysy= —7 =156="0.673

dosh 307

True form quotient, s, = Ty =M= 0.76
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« Volume of cylinder with reference diameter 45.6 cm
(dbh) and height 27.4 m, Ve =/ 4 x (0.456) x 27.4
=4.47 cum

« Volume of cylinder with reference diameter 40.2 cm
(do.1n) and height 27.4 m, Vr =1/ 4 x (0.402) x
27.4 =3.48 cum

+ Actual volume of the tree, V = 1.782 cum

* Thus, true form factor =V / Vr = 1.782 / 3.48 = 0.512

* And false form factor =V / Ve = 1.782 [ 4.47 = 0.399

(Refer Slide Time: 15:08)

9. Taper equations

Dr. Ankur Awadhiya, IFS

Next we looked at taper equations. So, taper is defined as the Change in stem diameter

between 2 points, divided by the length of the stem between those 2 points.
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Taper and taper equations

Taper is the rate of change in stem diameter, often

:
alculated as

per = Change in stem diameter between two points

Length of the stem between the two points

Taper equations try to describe taper as a function of
tree variables, viz. dbh, height, etc.

And we looked at these taper equations in which you are a diameter at different heights
was given in terms of diameter at the reference height mostly the breast height.
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In its simplest form. taper can be mathematically expressed as (Ormerod. 1973)

d H-h g
D: \H-H

where d = diameter measured at height /
D = diameter measured at a reference height (usually breast height)
h = height of diameter d
H = reference height (usually breast height. 1.3m or 4.5ft)
H = total tree height

b, = taper coefficient

In the form of this equation in which we measured height and we took the height of the

reference and the height of the tree.
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\Volume calculation from
taper equation

Ifd =f(D, H, h)
hy
P F T,
Volume is given by: Y/ = fz([i'dh,

h,

h, ‘
o, V = | %{ F(D.Hdh
h,

So, a taper equation is useful because you can calculate volume from the taper equation
and it can be.
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Use

Taper equations can be used to predict

1. stem diameter at any point of the stem
2. individual log volume

3. total stem volume

4. merchantable stem height

5. merchantable stem volume

Used to predict a number of things for instance if your tree is decreasing in diameter as
we go up. So, if we want to measure the length of your of the commercial timber we can
get it from there, if you wanted to get the volume of commercial timber we can get it
from there individual log volume stem volume merchantable stem height and so on can

be found out using the taper equations.
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Limitations

“A science of exceptions”
1. infinite variety of shapes
2. variations in physical features such as branching

3. affected by site conditions, pathology, etc.

However it has some limitations because of the exceptions we also looked at.
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Equations of tree form

Behre's hyperbolic formula:
D/DBH=L/(AL +B)
where D = tree diameter at any point
L = length to the point of diameter measurement
(expressed in %) measured downwards from tip

A, B = constants such that A + B = 1

Equations of tree form in which we looked at two major equations one was Behre’s

hyperbolic formula and the second one was Hojer’s formula.
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Timber form factor table

Sal Chir Deodar

And we also looked at some form factor table and the taper tables.
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Taper table

Presents stem diameter at different heights in the
form of a ready-reckoner table

Types:

1. False taper table: Gives diameters at fixed
distances from the base of the tree

2. True taper table: Giver diameters at relative
distances from the base of the tree

So, in the case of taper tables we have two kinds of taper tables falls taper tables and the

two taper tables.
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Construction of a taper table

1. Fell representative sample of trees

2. Take measurements, including dbh, tree height,
stem diameter at 5%, 10%, ... 95% of tree height

3. Fit regression equation with dis (over bark or
under bark) as target variable and dio% (over bark
or under bark) as predictor variable

4. Construct table from the regression equation

We also saw how a taper table is constructed and they are also of two other way another

way of classifying the taper tables, is in these two types ordinary taper tables and form
class taper tables.
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Types of taper tables

1. Ordinary taper tables: These give taper directly for
different diameter at breast height

2. Form class taper tables: These show different form
classes against diameter at fixed points on the
stem as percentage of the diameter at breast
height.

In India, form factors have been published only in
respect of height.
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Use of taper tables

* Getting the volume of the average tree for each
diameter and height class

+ Aids in speedy preparation of volume tables for a
particular species or stand

And then it is the use of taper tables is to get the volume of an average tree from each
diameter and height class, and thus two to prepare a volume table. So, volume table we

also looked into greater detail later in the course.
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10. Making the cuts

Dr. Ankur Awadhiya, IFS

At making the cuts.
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Why tree form?

1. Management for biomass / C-fixation

2. Management for maximum income

3. Management for highest net return on investment

4. Technical management: crop should yield the
maximum material of a specified size or suitability for

economic conversion or for special use

5. Management for biodiversity? Need to know inputs for
various organisms

So, why do we go for a tree form what is the perfect tree form.
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Perfect tree form

+ Straight bole
* Thin branches
+ No apparent defect

* No forking

Wide branching angles
\ 9}( ' 3 !

So, a perfect tree form is a tree in which your tree has a straight bole thin branches no

apparent defect no forking and wide branching angles. So, that maximum amount of the
volume of this tree is usable we also looked at acceptable tree forms and unacceptable

tree forms.
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Acceptable tree form

\
/

Unacceptable tree form

+ Crooked bole

+ Some kinks / deformities

* Insect / pest attack
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* Forked

* Severe rot

IK
And then we looked at this problem in which we learnt how a tree is cut for measurement
purposes.

Large butt
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Example

A tree has a height of 11 m. Its diameter at different

heights is as follows:

dbh =31cm
ds24m =23 CM
d"_‘;r- =14 cm
dg74m =9 cM

Calculate the volume of the tree.

This is the standard way a tree is cut for

measurement purposes.

So, we measured diameters at these reference locations we divided.
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Example

A tree has a height of 11 m. Its diameter at different

heights is as follows:
dbh =31cm

da24m = 23 CM
d724m = 14 cm
dz7zm =9 cm

Calculate the volume of the tree.
Solution

Consider the tree to be made up of four
sections: A, B, C, D.

0

O

Into sections in which your first section A is twice the breast height and all the other

sections are 3 meters and your top section is a cone. So, we measure these diameters and

then we can calculate the volume of the tree by this method.
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The conical section D has a base diameter dg 74m =

0.09 m and a height of 2.26 m
Thus, Vo = (1/3) x (m/4) x d?h
= Vp =0.005 cum 0
Volume of the tree 0
= 2 volumes of sections
=Va+Ve+Vec+Vp
=0.207 +0.125 + 0.046 + 0.005 2
=(.383 cum

<
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Example

Find the artificial form factor of a tree based on the
following data:

dbh = 49 cm; height = 29 m; volume = 3.26 cum
Solution

Volume of cylinder of dia 0.49 m and height 29 m,
Ve=m/4x(d?h) =3.14 /4 x (0.49% x 29) = 5.47 cum

Volume of tree, Vi = 3.26 cum

f=Vi/Vc=3.26/547=060

We also looked at the calculation of artificial form factors and we also looked at the
Cross section of a tree in the next lecture.
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11. Cross-section of a
free

Dr. Ankur Awadhiya, IFS

(Refer Slide Time: 18:13)

So in the case of the cross section of a tree we saw that there is a difference of colors in

this wood.
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So, in this case we have defined a number of portions. So, we bark as the outer most

portion followed by. So, this is what bark is.
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Bark

« Qutermost layers of stems and roots of woody
plants

* Comprised of two parts:

1. Outer bark: Corky, protective, made of dead and
dying cells

2. Inner bark: Living portion

So, it is comprised of outer bark and inner bark it is followed by Sapwood.
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Sapwu. |

Sapwood is the light colored portion of your stem. So, in this case this is the sapwood

this is the heart wood which is the darker color portion.
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Sapwood

So, sapwood takes active part in the growth of the tree whereas, heartwood that is this

darker portion it is a physiologically not active in the growth of the tree we also have

pith.
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Heartwood

(Refer Slide Time: 18:58)

Which is the soft inner most core found at the center of the tree, and which has different
shapes which might be oval, round irregular or squarish shape we also looked at growth

rings, growth rings.
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Pith

» Soft, inner-most core found at the centre of the log

» Shape might be oval, round, triangular or square
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Growth ring

So, in this case also you can see these rings that are formed. So, these are the growth

rings growth rings are formed annually.
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Growth ring

* aka annual ring
* Not found in every species

Formed due to change in growth speed through
seasons of the year

» Used in dendrochronology: Scientific study of
dating tree rings

And there are also known as annual rings and they are formed because of change in
growth speed during different seasons of the year, and these are used in

dendrochronology which is the scientific study of dating tree rings. So, this is your tree.
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Now, when you have you have logs then you take measurements outside.
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duo: diameter
under bark

doo: diameter
over bark

Bark thickness
= (dob - dup) / 2

I : dub
b i dob

So, you take measurements of diameter over bark and the diameter under bark and. So,
you can also get the bark thickness.
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Example

A felled log has the following measurements
dob = 130 cm; dyo = 124 cm; length = 4.08 m
Find out

1. bark thickness

2. total volume

3. bark volume

4. bark percentage to total volume

Then we looked at this problem in which we were given the over bark diameter the under
bark diameter and the length, and we were able to calculate the bark thickness the total

volume the bark volume and the bark percentage to total volume.
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12. Where to measure
the diameter?

Dr. Ankur Awadhiya, IFS

Next in a lecture 12 we looked at where to measure the diameters, because your trees are

tapered.
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What's the point?

» Diameter varies with height

irom Dase

* Need for a standard

So, the diameter is different at different heights. So, we need to define a height.
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\What's the standard?

+ dbh = diameter at breast height

» breast height = 1.3 m (most countries)
=1.37m (4.5 for the USA)
= 1.2 m (Japan and Korea)

» |UFRO (International Union of Forestry Research
Organisations) recommends the use of d for doh

* doo = diameter over bark

* dyo = diameter under bark

And that height is defined as these values in different countries, in our country we have

1.37 meters as the breast height and the diameter is traditionally measured at the breast

height called as dbh or d which is the diameter at breast height.
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Relationship between dqp
and dyp

* dop =0 +2x 1t

dob dub

bark of the tree

*» where ty is the thickness of the

Then we looked at there a relationship between the over bark diameter the under bark

diameter and the bark thickness, we looked at these formal rules.
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Formal rules

» For standing vertical trees on
level ground, measure at 1.3
m vertically

So, the height is measured at the breast height.
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Formal rules

* In the case of iregular stem
cross sections, for example
due to protruding branch
stumps, two diameters are
measured, at a cm above and
below the correct position
respectively. The average of
the two readings estimates the
true diameter.

3+ d=05x(d1 + d2)

If your tree is on sloppy ground then the upslope portion is from where you are going to
measure the this 1.37 meters, if you have a bulge then you take a reading above the bulge
and a reading below the bulge and then take the average of both of those readings if your

tree is sloping.
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Formal rules

* Take measurements at right
angles to the tree axis

So, in that case you take measurements at right angles to the tree axis as in the case of
this tree.
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If your tree has a buttress then you take a measurement above the swelling as in the case

of this tree.
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Formal rules

20 ’1 7
2,0m
[t
Oy 3 o
| o
)i * In the case of buttress,
" i measure above the swelling
| syl 13m
¥
/ o
4
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This tree now if your tree is having forking.
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Formal rules

+ |f a forking occurs below
breast height, consider the
forks to be different trees

* |f the forking occurs above the
breast height, consider the
tree as one tree

Then if the fork is if the forking starts a before a height of breast height then you take it

as two trees or else you will take it as one tree.
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How many trees are
~counted?

e 8 ;‘ |

So, in this case in the left side figure it is one tree whereas, on the right side figure it is

two trees.
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But where’s the base?

Commonly used ‘bases’ include

An average derived from
measurements at different
points around the tree

2. The base of the tree is
Not well defined! synonymous with root collar

3. The measuring position is
ocated on the uphill side

4. The measuring position is
located 4.15 cm beneath
stump height

Now, bases not very well defined.
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13. Callipers: Usage
and issues

Dr. Ankur Awadhiya, IFS

Now in the next class we looked at calibers their usage and issues.
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So, a caliber is very similar to a Vernier caliber. So, this is how it looks.
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It is made out of either wood or made out of aluminum, it has two jaws one is called a

fixed jaw one is called a moving jaw and the moving jaw can be tightened by a screw.



(Refer Slide Time: 22:12)

And it is it can be used to measure the diameter of the tree at the breast height and in

some cases, your when the cross section is elliptical or even irregular.
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The cross-section is not a
circle!

53

Take measurements at 90

(Refer Slide Time: 22:26)
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ISsues

1. Non-circular cross-section of tree stems

2. Weight and size of the instrument

Then it is difficult to take readings with this, the instrument is bulky.
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Then it is, so this is how you carry it in a forest and you can see that the size of the
instrument is roughly equal to the height of a person then in some cases you might have
0 error on your device, so that needs to be corrected every time in some cases you might
have a plane the in your instruments.
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So, in which case both the jaws are not parallel to each other then we looked at some

advantageous and some disadvantages of the calibers.
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Advantages of callipers

« Diameter can be read directly: No need for back-
calculations as in the case of tapes

* The points of arms touching the tree are always in
sight: reduces error

« Arms when firmly pressed crush loose bark;
reduces error

» Easily adapted by unskilled labour

So, in the case of calibers the diameter can be red directly there is no need for back
calculations. So, for instance if you take the girth readings from a tape then for finding
out your diameter you need to use the equation girth is equal to pi times d. So, when you
divide it by 3 0.14 you will get the diameter in the case of calipers you can get it directly
then the points of arms that are touching the tree are always in sites. So, that reduces
error they also crush loose bark and we are more interested in the diameter under bark, it
is easily adapted by unskilled labors. So, you can directly use it to get the diameter

classes and not a directly diameters.
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Advantages of callipers

» Can be modified to give diameter classes directly
* Results are more accurate cf. tape

» Positive and negative errors may cancel each other



By painting your scale in different colors it can be modified to give diameter classes
directly the results are more accurate as compared to tape and positive and negative
errors because they are both they are in the device. So, they might cancel each other, but
also there are some disadvantages.
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Disadvantages of callipers

Need for adjustment

Large size; difficult to carry and handle

« Two measurements needed to get correct
diameter; in difficult terrains that may be difficult

+ Movable arm sticks when the scale is wet or dirty;
may cause wastage of time

There is a constant need for adjustment the size is large it is difficult to carry its bulky
,then you need two measurements whereas, in the case of a tape you require only one
measurement, and then the movable arm because it is a mechanical device. So, if the
movable arm sticks when the scale is wet or dry. So, wet or dirty. So, in that case it

might cause wastage of time.
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14. Tape: Usage and
ISSUEs

1, IFS
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Then in the next class we looked at tapes.
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Tape

» Used for measuring girths of trees, logs, stumps

* May be used for measuring diameter in some
cases

» Graduated in centimetres or inches

* One end may have a hook or spike to place around
one end of tree

So, tapes are used to mostly in the measurement of girths and you can also measure the
diameters of the ends in some cases. So, you can use an inch tape or a centimeter tape,
and they might also have a hook or spike at one end.
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Types of tape

* Cloth

* Reinforced cloth

Plastic

* Metal

So, we looked at the types of tape cloth reinforced cloth plastic and metal tapes their
advantages and disadvantages.
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So, a tape can be used to measure horizontal distances, or vertical distances or the girth.
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However, there are some care in the usage. So, it must not be very old.
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Care in usage

» Tape should not be very old; may have stretched

* The tape must lie flat along the surface to be
measured

» While measuring girth, the tape must lie
perpendicular to the axis of the tree
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Care in usage

» There must not be any knots or turns in the tape
« Ensure that no climber has vitiated around the stem

+ The tape should be stored carefully, and not rolled
when wet or twisted

Because an old tape might have stressed or at surface might have become freed and it
must lie flat along the surface, it must be perpendicular to the tree axis there must not be

any knots or turns in the tape as we saw in this figure.
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So here we have a tape that is showing a knot. So, in this case the girth that will measure
will be greater than the girth of the tree, then there should not be any climber that has

gone along with the tree and it should be stored carefully.

(Refer Slide Time: 25:29)

Advantages

« Convenient to carry in the forest and over long
distances; small size, light in weight

» Only one measurement required even in the case
of irregular trees

» While measuring girth, a tape comes in contact
with the entire surface of the tree; callipers touch at
only two points

Then we looked at some advantages unlike calipers it is very small and its very light. So,
you can easily carry it in your pocket, only one measurement is required in the
measurement of girth it comes across it comes in contact with the entire surface of the

tree.
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Advantages

AAAAA

» Reading not dependent on direction; as in the case

Then the reading is not dependent on direction as in the case of calipers if your tree had
an irregular cross section. So, your readings might be highly direction dependent and it

does not require any adjustment because it is not a mechanical device.
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Disadvantages

* |f the tree has a rough bark, a positive error may
creep in the measurements

« Slow process of measurement, especially in areas
with dense undergrowth

» While measuring, the tape may not be at right
angles to the main axis of the tree

On the other hand if your tree has a rough bark then might give you a positive error, it is
a slow process of measurement especially in areas with dense undergrowth where it is
difficult to go around your tree completely, at the same time your measurements have to

be taken at right angles.
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Disadvantages

* The elasticity of tape may affect the measurement
» The observer may not have a full view of the

circumference, and knots may creep in during
measurement

So, that needs to be taken care of the elasticity of the tape might affect the measurement,
and the observer may not have a full view of the circumference. So, some knots may

creep in during the measurement.
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For a non-circular cross-section, girth tape over-
estimates the sectional area. Prove.

Assume the cross-section to be an ellipse with half-
axes a and b:

Perimeter as measured by tape

P=2my[(@2+b?)/2]
Area derived from P:
Ap=P2[4m=m][(a%+b?)/ 2]

Area from callipers, Ac = mab

Then we looked at this problem, for a non circular cross section the girth tape over
estimates the sectional area. So, this is one thing that we need to keep in mind when we

are comparing the cross sectional areas as measured using a tape and as measured with
the calipers.
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15. Measurement of
bark and growth rings

Dr. Ankur Awadhiya, IFS

Next we looked at the measurement of bark and growth rings.
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Bark-thickness relationship

« In most tree species, especially conifers, the ratio
duo / dop increases up the bole = bark % by volume

decreases with height

* In many hardwood tree species, the ratio duo / dob
remains constant with height = bark % by volume

remains constant with height

» [n few species, the ratio dys / don decreases up the
bole = bark % by volume increases with height

So, bark and thickness relationship was seen, now bark thickness is measured with a
Swedish bark gauge or with a bark probe.



(Refer Slide Time: 26:55)
Swedish Bark gauge

Handle

Forestry suppliers
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Bark probe

Haglof Company Group

Then we looked at their limitations.
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Limitations

* Penetration of sapwood over-estimates bark

» Much experience required to judge penetration

Because they might even be penetrating into the sapwood, thus overestimating the bark
and. So, quite a lot of skill and experience is required to correctly judge how much of

penetration needs to be made.

(Refer Slide Time: 27:14)
Bark function / relationship

B=mamd
azib xd

where B = 2 x bark thickness
d = dbhot

a, b = regression parameters

When we looked at bark function and relationship, as compared to the diameter at breast

height and the regression parameters.
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Table of bark relationship for Pinus radiata
dbhy,  2BT dbhsy  2BT

% ((
(cm)  (cm) (cm)  (cm)
12 1.5 12.5 30 4.7 16
14 20 14 32 49 15
16 24 15 34 5l 15
18 2.8 16 36 54 15
20 3.1 155 38 56 15
22 35 16 40 58 14.5
24 38 16 42 6.0 14
26 4.1 16 44 6.2 14
28 44 16 46 64 14

Then next we looked at an incremental borer.
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Parts of the incremental
borer
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a. Augur b. Handle c. Extractor d. The assembled borer

That has these three parts auger handle and the extractor and all these three can be join

together to get your assembled borer.
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Using the incremental borer

This is how an incremental borer is used and when you get your sample outside from the
incremental borer, you can very easily measure the rings that is used in

dendrochronology.
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16. Tree height: Direct
and indirect
measurements

Dr. Ankur Awadhiya, IFS

Next we looked at the tree height the direct and indirect measurements. So, we looked at

how.
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below-ground part @ O above-ground part

A tree is divided into various portions, the above ground part the below ground part.
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The main stem the branches and so on.
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Tree height and stem length

» The height of a tree is the
vertical distance between the
base point and the highest
point of the tree.

* The stem length of a tree is
the distance along the stem
axis between the base point
and the stem tip.

We looked at the difference between the tree height and the stem length and different
situations.
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Then we also looked at the merchantable tree height.
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Merchantible tree height

Pulpwood
Merchantable Inch T 0 3 pari
Helght [ Diamater The usable portion of the tree
& stem, for single-stemmed trees
| | ot
| 1 this is the length from an
[
| Sewtimber assumed stump height to an
Merchantable
Height

arbitrary upper-stem diameter

Then things like bole height, total height and the canopy length.
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Then in the case of direct measurement you can go on top of a tree and then throw a
string with some beta directs to it, and the length of this string when it when the weight is
touching the ground and this string is (Refer Time:28:29). So, length of the string will
give you the measurement of the tree or you can use a scale directly along the tree to get

a direct measurement.
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Indirect measurement

Based on similar triangles ~ Based on trigonometry

In the case of indirect measurement you can use your principles of similar triangles or

principles of trigonometry to measure the heights of the trees.



(Refer Slide Time: 28:47)

17: Methods of similar
triangles: Shadow & stick

Dr )r Awadhiya, IFS

Next we looked at the methods of similar triangles the shadow and the stick method.
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A D
BACA
E F

AABC’VADEF=§4A=/_D,AB=LE.LC:4F
AB/DE=BC/EF=AC/DF

So, in the case of similar triangles there the lengths of the corresponding sides maintain a

constant ratio.
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bl

So, we look at this single Pole method which your observer holds a pole and that is it

makes this these two similar triangles.
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Single pole method

« Observer holds a pole (1.5 m long) vertically at arm’s
length such that the portion of the pole above the
hand is equal in length to the distance of the pole
from the eye.

» The observer moves forward and backward till the
line of sight from the tip of the tree passes through
the tip of the pole and that to the base of the tree
through the point where the pole is held by the hand.

» Then height of the tree = distance of base from eye
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a=b

In the similar triangles
a/b=A/B

We are giventhata=b

Thus,A=B

B

B a

So, you can get the height of the tree as a constant ratio of the sites of the triangles and

when a and b are the same. So, capital A and capital B will also be the same.

Christen’s hypsometer
Thread
T
Hypsometer
i I Weight

We also looked at this instrument called christens hypsometer is a which is which can be
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S38iecm
Staff: 3.6 m

made out of any material even card board.
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Christen’s hypsometer
g |H h _H
. highl

l

So, in this case we use it with a pole and we get the readings for h and H prime and we
can use this equation to get the height of the tree.
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Example

For a 24 m high tree, the

staff length is 4 m and
the length of hypsometer
| ~ is33cm. Find h'
)
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Solution -t

Here,
H=24m
h=4m

l H'=33cm
h'=?

3 h'=H/Hxh
=33/24 x4
=33/6
=556

Next we looked at its advantages.
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Advantages

S AN

It is light and easy to transport simple and easy to make quick to use and there is no need
to measure the distance from the tree.
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Disadvantages

1. The top and bottom of the tree should match the
flanges; care needed; chances of error

2. Need to hold in vertical plane; difficult in windy
situations or with shaking arm

3. Fatigue caused by holding the instrument for
prolonged periods

4. Skill required for consistent accuracy

But at the same time your require quite a lot of skill and you need to keep it study and
vertical even in the case of windy situations.
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18. Distance
measurements: foot,
tape, rangefinder

X

Dr. Ankur Awadhiya, IFS

Next we looked at distance measurements with foot tap and range finder. So, if you do
not have any instrument.
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No instrument?

1step=0.7m

Then you can approximate one step to be equal to 0.7 meters, you can use a tape to

measure horizontal distances or you can.
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Rangefinder

Use a range finder to measure the horizontal distance.
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Theory

[ime of flight

> d

We looked its theory. So, twice of distance is equal to the time of flight multiplied by the
speed of the wave that you are using. So, you can either be using light rays as in the case
of a laser range finder. So, in that case your speed is equal to the speed of light that is
29979 to 458 meters per second or you can you can go for an ultrasonic range finder in

which your speed is equal to the speed of sound that is 340 meters per second.
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Demo

We also looked at a demonstration of how these range finders work next we also saw

how we can measure.
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Example

The top of a tree is at a distance of 50 ft and the tree
itself is at a distance of 40 ft.

If the instrument is kept at a height of 5 ft, find the
height of the tree.

The height of a tree just by using a range finder and pythagoras theorem.
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Solution
Using Pythagoras theorem,

AB = y(AE2 - BE?)
= AB = (2500 - 1600)

=AB=y/900=30m

50

4
B L Height of tree, AC = AB + BC

5| =AB+ED=230+5=35ft.
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19. Angular
measurements

Dr. Ankur Awadhiya, IFS

Next we looked at angular measurements.
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So, we saw that we can use a protector for angular measurements, and if you want to get

the angle of elevation or depression then we can attach string to our protector.
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And a weight below which can keep our string tightened and in this case the angle that

we measure is the angle of elevation or the angle of depression
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Then we also looked at some problems in which we saw that when you have a tree that

has a lean.
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Example

A logger measures the height of a tree leaning away from
him by lying on the ground at a distance of 25 m from the
base of the tree. The angle to the tip is measured to be
30°. The logger then walks to the diametrically opposite
point on the other side of the tree, again at a distance of 25
m from the base of the tree. The tree now leans towards
him, and the angle to the tip is measured to be 60°.

To estimate the height of the tree, the logger obtains the
two heights, assuming no lean, and takes the average. Is

he correct? Assume that the inclination of the tree to the
vertical is 30°.
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Solution

B D E C

. ADE = 60°, - ABC =30°, - ACB =60°
BD=25m,CD=25m

Let DE = xm; then EC = (25 - x) m

In A AEC, AE/EC =tan . ACE =tan60° = 3
> EC=AE/y3

So, in that case you cannot take the readings from both the sides and then average them

out, but you need to use principles of trigonometry to find out the correct height of the
tree.



(Refer Slide Time: 31:39)

Solution

B D E C

In A ADE, AE /ED = tan . ADE =tan 60° =y 3
=ED=AE/y3

EC+ED=CD=25m
52X AE[{3=25=AE=12543

(Refer Slide Time: 31:45)

Then we also looked at this instrument called Haga altimeter that makes measurement of

these distances heights and angles very easy.
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So, you measure distance along the ground.
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And then you use this instrument to look at the top of the tree and then you can use these
two buttons two either keep your pointer in a freely moving condition or you can fix

your pointers.
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So, that you can get the angle and it also gives you tan theta multiplied by your distance
for two or three different distances, in which you can directly get the height of the tree.

So, that is all for today and will have another recap session in the next lecture.

Thank you for your attention [FL].



