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Theory 
 

Forest inventory – objectives – kinds of enumeration – random and non random 
samplings – sampling design – size and shape of sampling unit – sampling intensity – 
errors in inventory – conduct of enumeration – total, linear, strip and partial 
enumeration – line plot surveys – point sampling – use of horizontal point sampling – 
instruments used – non sampling errors – vertical point sampling 
 
 Determination of age of trees – age of standing tree – age of felled trees – 
determination of growth of trees – objectives – kinds of growth – determination of 
increment of trees with annual rings – without rings – mean annual increment (MAI), 
current annual increment (CAI) and the relation between the two – increment per cent 
and formulae used – characteristic curves for diameter, basal area, height, form and 
volume growth. 
 
 Measurement of crops – determination of diameter, height, age and volume of 
crops – sample plots and methods of volume measurement - Estimation of growth and 
yield of stands – stand structure – growth of stand – methods of determining past and 
future growth – stand density – canopy density – site quality – fractional quality – yield 
tables kinds, preparation and use – stand table – stand volume table. 
 
Practical 
 
 Determination of age trees in standing trees by occular and other methods – age 
of felled tree with annual rings – estimation of CAI and MAI for a few species like 
Eucalyptus, teak, Ailanthus – calculation of increment per cent by different methods – 
stump and stem analysis – determination of diameter, height, age and volume of crops 
– random sampling – different methods – non random sampling – exercise in linear strip 
enumeration – exercise in horizontal point sampling using different instrument – 
exercise in vertical point sampling – estimating canopy density – estimating site quality 
by different methods – estimating fractional quality – determination of increment of 
stands using yield tables – preparation of money yield table. 
 
Lecture Schedule 
 
1. Forest inventory – kinds of enumeration – kinds of sampling. - Sampling design, 

size and shape of sampling units – sampling intensity. 
2. Point sampling – horizontal point sampling – concept – proof of underlying 

principle – use. 
3. Instruments used in point sampling – wedge prism – Spiegel Relaskop – Tele 

Relaskop – determination of volume of stands – non sampling errors in horizontal 
point sampling – vertical point sampling. 

4. Determination of age of standing trees – different methods – determination of 
age of felled trees with annual rings and trees without rings.  

5. Growth of trees - determination and objectives – classification of increment. 



6. CAI and MAI and their relationship – increment per cent and formulae for 
estimating the same. 

7. Determination of growth of trees - Stump analysis – stump analysis curves. 
8. Determination of growth of trees - Stem analysis – age – computation of age – 

mean diameter for decades, mean volume for decades and bark thickness. 
9. Mid Semester Examination 
10. Increment boring – increment in trees without rings. 
11. Measurement of crops – Determination of diameter, height, age and volume of 

crops 
12. Sample plots – selection, number, shape, size and layout of measurement of 

sample plots by different methods. 
13. Stand structure – growth of stand – methods of determining past and future 

growth. 
14. Stand density – canopy density  
15. Site quality – different methods of assessing site quality – fractional quality. 
16. Yield table – definition – contents – kinds and preparation of yield tables. 
17. Application and uses of yield tables – stand table – definition – objectives and 

application – stand volume table. 
 
Practical Schedule 
 
1. Random sampling – exercise in multistage sampling – non-random sampling – 

exercise in systematic sampling. 
2. Determination of age of standing trees  
3. Calculation of MAI and CAI for Eucalyptus, teak and Casuarina  
4. Solving problems on increment per cent using different formulae. 
5. Stump analysis and construction of stump analysis curves. 
6. Exercise in stem analysis - Construction of stem analysis curves. 
7. Stem analysis contd. 
8. Estimation of crop diameter and crop height 
9. Volume measurements in sample plots using Hossfelds, Hartig’s and Block’s 

methods 
10. Exercise in linear strip enumerations 
11. Exercise in horizontal point sampling using wedge prism 
12. Exercise in horizontal point sampling using Spiegel Relaskop 
13. Estimating the canopy density for a few tree species like teak, tamarind and 

Neem 
14. Estimation of site quality – site index curves 
15. Exercise in the preparation of yield table 
16. Exercise in the preparation of money yield table 
17. Final Practical Examination  
 
Assignment 
 
1. Determination of growth of trees with annual rings 
2. Yield tables for few commercially important tree species 
3. Basal area estimation for few trees 
4. Forest inventory and yield prediction 
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DEFINITION 

 Questionnaire of Forest Inventory published by F.A.O. described forests as all 

lands bearing a vegetative association dominated by trees of any size, exploited or not, 

capable of producing wood or other products, of exerting an influence on the climate or 

on the water regime, or providing shelter for live stock and wild life.  Forest, therefore, 

means an area which fulfills the required criteria.  ‘Inventory’ is originally, a commercial 

term meaning the record showing the quantity and value of articles in a store.  The 

forest inventory therefore has to necessarily provide information about the size and 

shape of the area and the qualitative and/or quantitative information of the growing 

stock.  Loetsch and Haller (46) define the term forest inventory as follows: “Forest 

Inventory is the tabulated, reliable and satisfactory tree information, related to the 

required unit, respectively units, of assessment in hierarchic order”.  In a sense, forest 

inventory is an attempt to describe quantity, quality, diameter distribution of forest trees 

and many of the characteristics of land upon which the trees are growing.  It is 

synonymous with the term ‘Cruse’ used in North America or the term ‘Enumeration’ used 

in India.  Forests, define enumeration as the counting, singly or together, of individuals 

of one or more species in a forest crop and their classification by species, size, condition, 

etc.  With the increasing importance of forest areas for non-wood values such as 

recreation, watershed management, wild life, etc., the concept of forest inventory has 

widened.  Regular inventories are now made about the number of tigers, elephants, 

rhinoceros and other threatened species of wild life.  Recently, an inventory  was made 

regarding the rare plant species growing in silent valley in Kerala to decide if the forest 

could be cleared for a river valley project.  In the cases where non-timber information is 

to be compiled it is essential that specialists in these allied fields, work in cooperation 

with the inventory specialists, in planning and executing the inventory. 

OBJECT 

 As far as the timber inventories (or enumerations) are concerned, the main 

object is to determine volume of timber growing in the forest with a view to determine 

the yield.  Less frequently, hey are required for assessing the value for purposes of the 

sale of exchange or for estimating the return to be expected from clear-felled coupes.  



They are also required for determining the current periodic annual increment and lastly 

they may be carried out to prepare map of the area showing regions of high or low 

volume production per unit of area to help decision making in setting up of industries.  

In short, the object of forest inventories is to supply information for forest management 

and planning and for pre-investment decision on forest industry establishment or 

expansion.  These are also required to assess the feasibility of a project from economic, 

social or any other considerations. 

KINDS OF ENUMERATION 

Enumerations are of the following main kinds: 

  (i) Total or Complete; (ii) Partial or Sample 

(i) Total or complete enumeration means that enumeration of the desired 

species above the specified diameter limit is carried out over the entire area of the 

forest unit under consideration.  Being expensive and time consuming, it is done in 

comparatively smaller areas of valuable and intensively managed forests where 

maximum possible accuracy is desired in the estimate, viz., P.B.I. areas of uniform or 

other shelterwood systems.  Total enumeration is also done in case of miscellaneous 

forests where the number of species is very large or the species of economic importance 

form a small portion and are confined only to favourable localities.  Total enumeration is 

also carried out for statistical studies as check on results of partial enumerations.  

Having regard to the vast area involved and the time, labour and money that is 

required, complete enumeration in forestry is forestry is generally avoided. 

 (ii) Partial (or sample) enumeration, on the other hand, means that the 

enumeration is to be done only in a representative portion of the whole forest.  For 

example, a forest may be of 1000 ha out of which only 100 ha have been selected for 

enumeration and estimate of the whole population of 1000 ha is made, it is called partial 

or sample enumeration.  Sample is defined as a part of the population consisting of one 

or more sampling units, selected and examined as a representative of the whole.  

Therefore sample enumeration is the enumeration of a representative part of the whole 

population.  The ratio of the sample to the whole population is called sampling fraction 

or intensity of sampling which is expressed as a percentage e.g., 5%, 10% or 20%.  In 

the example given above a sample of 100 ha was selected out of the whole population 

of 1000 ha and therefore the intensity of sampling was 10%.  Actual enumeration is 



carried out in a number of sampling units which are subdivisions of the sample area.  

For example, if sampling units of 1 ha are made, then there would be 100 sampling 

units in a sample of 100 ha.  A sampling unit need not be a compact area but may 

consist of several areas.  The record of each sampling unit is kept separately for working 

out sampling errors and other statistical parameters. 

CHOICE OF THE KIND OF ENUMERATION 

 The choice between the two kinds of enumeration depends upon (i) extent of the 

area to be covered, (ii) variation in composition and density, (iii) the intensity of 

management and consequent degree of accuracy required and (iv) the resources of 

labour, time and funds available. 

 When extensive areas are to be covered, partial or sample enumeration has to 

be done to save time and money.  In areas where the crop composition and density 

varies greatly as in some miscellaneous forests, total enumerations have to be carried 

out.  Similarly, where the intensity of management is high and greater accuracy is 

required as in the P.B.I. areas of the shelterwood systems, total enumeration is carried 

out.  Above all, resources of labour, time and funds available dictate which method of 

enumeration can be carried out. 

RELATIVE ADVANTAGES OF SAMPLING 

 Partial enumeration or sampling offers following advantages over total 

enumeration: 

 (i) Reduced cost and saving of time – As data are collected from only a 

fraction of the total area, expenditure is usually small and the information is obtained 

quickly.  There is no doubt that a lot of time is spent in laying out sampling units for 

partial enumeration, locating on ground, units marked on map, demarcating them, etc., 

but unless  the size of the sample or the percentage of sampling is high, he partial 

enumeration is cheaper and less time-consuming than total enumeration. 

 (ii) Relative accuracy – Though total enumeration is expected to yield most 

accurate results, it is, nevertheless, subject to errors which are often considerable.  On 

the other hand, when well-planned and carried out to an appropriate intensity, partial 

enumeration or sampling yields sufficiently accurate estimates of the growing stock.  

This is more so because personnel of higher quality can be employed. 



(iii) Knowledge of error – Total enumeration gives a false sense of 

complacency as regards accuracy of result.  This is more so because the errors cannot 

be calculated unless the whole work is repeated.  But in sampling, the checking is easy 

and the errors can be calculated and kept within desired limits b statistical methods. 

(iv) Greater Scope – Where highly trained persons or specialized equipment is 

needed, as in the measurement of volume of standing trees in forest, it is not possible 

to carry out total enumerations.  Thus, partial enumeration or sampling widens the 

scope of work to include those fields of activity where sophisticated instruments and 

highly skilled techniques are required. 

KINDS OF SAMPLING 

There are two main kinds of sampling used in forest inventories: 

  (A) Random sampling and (B) Non-random-sampling 

(A)  Random Sampling 

 Random sampling is that method of sampling in which sampling units comprising 

a sample are selected in such a manner that all possible units of the same size have 

equal chance of being chosen.  In this method, sampling units are selected by using a 

table of random numbers, by unbiased drawing of card from a well-shuffled pack or by 

drawing lots.  The following variations of this sampling method are used in forest 

inventories. 

 Unrestricted or simple random sampling – The unrestricted or simple 

random sampling is one in which sampling units comprising the sample are selected by 

some strictly random process form the whole population or area without dividing it into 

homogenous blocks.  For example, if sampling unit is 0.1 ha, and  the population area is 

1000 ha the population is divided  into 10,000 sampling units and each of them given a 

number 0000 to 9999.  Now for a 5% unrestricted random sampling, 500 different four 

digit reference number are selected by using a table of random numbers.  In this way, 

every possible set of 500 units has equal chance of being chosen for the sample. 

 Stratified random sampling – The stratified random sampling is that method 

of sampling in which the population is first divided into subpopulations of different strata 

and then sampling units are selected from each of them in proportion to their size.  This 

modification in the simple random sampling is necessary because the method of 

unrestricted random sampling gives good results only if the forest crop is uniform but 



generally forest populations are characterized by considerable heterogeneity.  Under 

these circumstances, precision of an estimate of sampled mean is appreciably enhanced 

by recognizing stratifications and modifying the sampling design accordingly.  This is 

accomplished by sub-division, real or imaginary, of he area to be sampled into 

homogeneous groups which are called strata (single stratum) from each of which 

sampling units are selected.  This method of division of area into homogenous groups is 

called stratification.  In forest inventories this is often done by forming strata by species, 

site qualities, crop density, etc.   For example, if the forest population of 1000 ha is sub-

divided on the basis of site quality into 4 strata with area 300 ha, in 1 quality, 350 ha in 

II quality, 200 ha in III quality an 150 ha in IV quality and sampling units are of 0.1 ha, 

then, for 5% sampling, 150, 175,100 and 75 sampling units will be selected with the 

help of the table of random numbers or by drawing lots from strata of quality I,II,III and 

IV respectively. 

 Multi-stage sampling – In the random sampling described earlier, sampling 

units are drawn from a population at one time or stage and it is therefore called single-

stage sampling.  But some times, it is cheaper to take some samples at that stage and 

then divide hem to take some more sampling units at next stage and so on.  As the 

sampling units are not taken out at one stage but are taken out in two or three stages, 

the method of sampling is called multi-stage sampling.  In this sampling the sampling 

units get smaller at each successive stage of sampling but the principle of random 

sampling may be preserved at each stage of selection.  For example, a forest population 

of 100ha may be divided into 200 sampling units of 0.5 ha.  With 5% intensity of 

sampling, 10 sampling units will be selected in the primary stage.   Then each of the 

selected sampling units, may further be broken up into 0.1 ha sampling units.  Thus 

each of them will have 5 sampling units.  Now if one or more of these are again selected 

at random in the second stage, it will become two-stage sampling.  The process can be 

repeated further, if necessary, till the desired stage.  Two stage sampling is quite 

commonly used in forest surveys.  For example, a forest to be inventoried might consist 

of numerous compartments that could be considered primary units in design.  Some 

compartments may be selected in the primary stage.  They may be broken into plots of 

which some would be selected at the secondary stage.  Trees selected in these plots for 

volume measurement could be the third stage of sampling. 



 Multiphase sampling – This method of sampling is different from the one 

described above.  In this method some of the same sampling units are used at the 

different phases of sampling to collect different information or same information by 

different methods.  Two-phase sampling is commonly used in forest inventories and 

because of the two phases, it is often referred to as double sampling.  For example, if 

the number of bamboo culms in the forest is to be estimated, then in the first phase the 

number of clumps per hectare is determined by large systematic surveys and in the 

second phase, number of culms per clump is determined from a small enumeration 

survey of much smaller area than taken in the first phase.  Another example of double 

sampling in forest inventories is the procedure using a combination of aerial 

photographic interpretation and field plots.  The first phase of sampling consists of 

estimating the volume on aerial photographs of a large number of relatively inexpensive 

sampling units employing photo-interpretation and measurement techniques.  In the 

second phase, a subsample of these plots is selected and visited in the field for direct 

determination of their volumes.  This sub-sample is much smaller since field-plots are 

more expensive to lay than photo-plots.  A regression is then obtained between filed 

plot volumes and photo-plot volumes permitting a corrected volume estimate to be 

made for the large, less expensive sample of the first phase. 

 Sampling with varying probability – In the random sampling described 

above, the chances of selection of all sampling units are the same at all times,  But in 

certain populations, the chances may vary as the sampling proceeds and therefore a 

modified method of sampling known as sampling with varying probability is used.  This 

method of sampling has become increasingly important in forest inventories in recent 

years.  The ‘Bitterlich’ or ‘variable plot’ or ‘point sampling’ or ‘p.p.s.’ (probability 

proportional to size) and ‘three p’ or ‘sampling with probability proportional to prediction’ 

are applications of this aspect of sampling theory. 

 List sampling – This is another form of sampling with varying probability.  Te 

method consists of making a list of sampling units along with their measure of size in 

any order.  For example, suppose, 15 compartments are sampling units.  They are listed 

as shown below be giving a number to each hectare of their area: 



TABLE 

 

Compartment Area in hectares Cumulative Total 
of area 

Associated 
number 

1. 20 20 1-20 

2. 15 35 21-35 
3. 30 65 36-65 
4. 18 83 66-83 

.5. 22 105 84-105 
6. 30 135 106-135 
7. 15 150 136-150 

8. 17 167 151-167 
9. 22 189 168-189 

10. 19 208 190-208 
11. 21 229 209-229 
12. 25 254 230-254 

13. 23 277 255-277 
14. 24 301 278-301 
15. 11 312 302-312 

 

 If it is decided to select a sample of size of 6 items, then 6 random numbers are 

drawn from the range of integers 1 to 312 which is the total area of the compartments.  

A compartment is chosen as a sample if the random number falls within the interval 

indicated in the column of associated number. The following may be chosen in this case. 

Random number chosen Compartent chosen 

299 14 
123 6 
247 12 

305 15 
269 13 
068 4 

 

 These compartments will be enumerated for the variable, e.g., number of trees 

of basal area.  The estimate of total population will be carried out through ratio 

estimates. 

(B)  Non-Random Sampling 

 Non-random sampling is that method of sampling in which samples are selected 

according to the subjective judgement of the observer on the basis of certain rules or 

guidelines indicating what sample should be chosen.  As the selection is based on 



judgement of the observer, it is likely to be biased.  The following variations of this 

method are used in forest inventories: 

 Selective sampling – Selective sampling consists of choosing samples according 

to the subjective judgement of the observer.  Selective sampling may give good 

approximations of population parameters if it is properly used by a person with intensive 

knowledge of the population.  4 PEA sampling described by Gyde Land and La Bou 

(picking plots by personal prejudice and /or ease of access) is one of the forms of 

selective sampling.  For quick and rough estimates, this sampling is often employed. 

 Systematic sampling – Systematic sampling is that method of non-random 

sampling in which sampling units are selected according to a predetermined pattern 

without recourse to random selection.  Most commonly, the pattern envisages regular 

spacing of units.  For example, sampling units may be located 80 metres apart in rows 

which may be 200 metres apart.  The selection of the first unit may be either random or 

according to a fixed arbitrary rule and this will result in distinguishing two varieties of 

systematic sampling.  When the first unit is selected at random and other according to a 

fixed pattern, the sampling is referred to as systematic sampling with a random start. 

 This method of sampling offers certain advantages as compared to random 

sampling and is therefore, frequently used in forest inventories inspite of its shortcoming  

in estimating the variances of the result.  The advantages are even greater in tropical 

forests where environmental conditions hamper field work.  Among these advantages 

are he simplicity and ease in following it, ease of location of sampling units and 

consequent reduction in cost in reaching it, greater certainty of objectivity in the 

selection of sample and more uniform distribution of the sample. 

 Sequential sampling – Sequential sampling is a method of sampling whose 

characteristic feature is that the number of observations in the sample is not determined 

in advance but sampling units are taken successively from a population.  Each sample 

includes all the sampling units of the former sample.  The confidence interval at each 

stage will go on decreasing at each stage of sampling is stopped when the desired 

precision is reached.  This type of sampling is usually adopted to test a hypothesis.  The 

hypothesis is tested each time a new observation is made to determine whether the 

hypothesis should be accepted or rejected.  When the decision is made and the  



hypothesis is accepted or rejected, then the sampling procedure is complete and no 

further sampling unit is selected beyond the number necessary to make a decision. 

SAMPLING DESIGN 

 In order that the sampling may give the most accurate estimate of the 

population, it is necessary that the sampling design should be statistically sound.  Choice 

of the design depends on certain factors, some of the important ones of which are 

mentioned below: 

(i)  The objective of the inventory, 

(ii)  The desired precision, 

(iii)  Time and money available for the work, 

(iv) Topography and accessibility to and within the forest, 

(v) Availability of personnel and equipment, 

(vi) Availability of satellite imageries, aerial photographs and maps, 

(vii) Availability of automatic data processing equipment, and  

(viii)  Results of previous surveys carried out in the area. 

The objective of the inventory is the first and the most important thing to be 

considered before deciding upon the design.  The design required for certain research 

investigation is different from the design required for obtaining an inventory of growing 

stock for routine forest management.  Therefore, in order to draw up an efficient design, 

a detailed knowledge of the purpose of inventory and the specific uses to which the data 

obtained will be put, is very essential.  Besides this, the choice of the design also 

depends upon the precision required and the time and money available for the work.  

Therefore, information about the precision level desired and the time and money 

available for the work, provides the foundation on which the sampling design can be 

built and imposes restraints within which the work has to be done.  If the amount of 

money or time for an inventory is fixed, the number of sampling units is determined 

within that restriction.  If the total amount fixed for an inventory is p, then the number 

of sampling units (n) is given by the following formula: 

                    p - c 
n = ----------- 

   r 



where c is the overhead cost including planning, organization, analysis and 

compilation, and r is the cost per sampling unit. 

As the success of sampling surveys depends on the reliability of field work, the 

design should be such as can be worked in the desired forest and with the available 

human resources in the form of personnel and labour.  It is, therefore, necessary to 

examine in detail its operational efficiency in the field keeping the topography, 

accessibility of the area, the quality of personnel and labour available, in mind. 

The availability of satellite imageries, aerial photographs and maps, automatic 

data processing equipment and results of previous surveys carried out in the area also 

affect the design. 

The design of a statistically sound scheme includes decision on the kind of 

sampling units, their size and shape, if on area basis, the number of sampling units or in 

other words, the intensity of sampling, distribution of the units over the forest area and 

the method of analysis of data. 

KINDS OF SAMPLING UNITS 

 Sampling units are of two kinds, viz., those having a fixed area and those having 

only points.  When the sampling units are only points, it is referred to as point sampling 

which is described in the next chapter.  In this chapter sampling units with fixed area 

are being described. 

SIZE OF FIXED-AREA SAMPLING UNITS 

 When the sampling units are of fixed area, it is necessary to describe their size.  

From general statistical considerations, small sampling units are more efficient than 

larger ones because the larger the number of independent sampling units observed, the 

better the precision.  For a given intensity of sampling, the smaller the size of the 

sampling unit, the larger is their number and vice versa.  Therefore smaller size of the 

sampling unit is better.  On the other hand, the size of the most efficient unit depends 

on the variability and density of stand.  Forests of low density are generally more 

heterogeneous in stocking.  Selection of small sampling units in such forests may results 

in a large portion  of the sampling units being empty.  In that case, frequency 

distribution of desired parameters from units becomes seriously skewed and does not 

permit assessment of error using normal distribution theory.  Another factor that 



influences the size is the relative cost.  The larger the size for a given intensity, the 

fewer are the number of sampling units and therefore lesser time will be required in 

traveling to and locating the units.  Though the smaller units require relatively lesser 

cost in enumeration, the over all cost is higher because of higher cost of traveling to and 

fro and clearing of brush wood, etc.  Therefore the cost of travel and locating the plot is 

an important consideration.  In short, the ultimate choice of the size of sampling units is 

a compromise between maximum efficiency, cost and convenience.  A working rule 

adopted in some countries in Europe is that the size of the sampling unit should be large 

enough to include at least 20 measurable trees. 

SHAPE OF FIXED-AREA SAMPLING UNITS 

 The usual shapes of the sampling units in vogue in India are plots, strips, 

topographical units and clusters. 

Plots – The term plot is applied to sampling units of small area but of diverse 

shapes such a square, rectangular, circular or polygonal.  Square and rectangular plots 

are most commonly used in forest surveys.  They are easy to lay and can be 

demarcated by four corners.  Majority of sample plots in India are rectangular.  They are 

particularly suited to plantation crops raised in lines.  In such plantations two boundaries 

of the plots are laid in between the plantation lines, thus reducing chances of trees 

falling on boundary of plots.  Usual size of the plots is 0.1 hectare but bigger plots of 1.0 

hectare are often laid in mature crops. 

Circular plot is very easy to lay on level ground once its center and radius are 

fixed.  It has the minimum perimeter for a given area compared to any other geometric 

shape and thus has the minimum number of border line trees.  In several surveys 

circular plots of 0.05 hectare (radius 12.62 metres) and 0.1 hectare (radius 17.84 

metres) have been used in India.  In hilly terrain radius is determined either by stepping 

or by correcting for slope.  The desired radius is obtained by multiplying the prescribed 

radius (12.62 m for 0.05 ha plots) by the slope factor.  Slope factors for some angles 

and percentage slopes are given below: 



 

Slope angle in 
degrees 

Slope factor Slope percent Slope factor 

5 1.004 20 1.020 
10 1.015 30 1.044 

15 1.035 40 1.077 
20 1.064 50 1.118 
25 1.103 60 1.166 

30 1.155 70 1.221 
35 1.221 80 1.281 
40 1.305 90 1.345 

45 1.414 100 1.414 
 

The same correction is required for the side of rectangle along slope.  In spite of 

their theoretical advantages, circular plots have not been popular in India in practice. 

In difficult terrain or in areas with dense weed growth, laying out plots expensive 

and time-consuming.  In such cases, a plot size should be such that the layout and 

measurements can be completed in a day to avoid to and fro journey to the plot.  

Efficiency of the plot size is determined by the factor (SE)2 X  p,   where SE is the 

standard error of a particular plot size and p is the cost of inventory of the plot.  The 

lower the value, the more efficient is the plot size. 

Strips – In certain areas, instead of laying out plots, strips 20 to 40 m wide are 

laid across the forest from one end to the other at a particular bearing at regular 

intervals and inventory of these strips is made to serve as a sample.  For this the survey 

party decides a base line at one end of the forest and starts cutting a line through the 

forest at the fixed bearing from a fixed point on the base line.  This line is the central 

line of the strip on both sides of which enumeration is done till the other end of the 

forest is reached.  The party, then, moves tot the center line of the next strip and 

cutting that line, enumerates the strip back to the base line.  Though the entire strip is 

the sampling unit, it is often divided into 100 m lengths to serve as recording units.  If 

the volume per unit area has a tendency to increase in one direction due to fertility 

gradient or some other cause, strips are laid parallel to this direction.  The width of the 

strip and the distance between the two strips determine the intensity of sampling, which 

can be calculated by the following formula: 

              W 
I =  ------------- X 100 

             D 



 Where I is the intensity of sampling, 

           W is the width of the strip in metres, and 

           D is the distance in metres between the central lines of the two adjacent  

    strips. 

 For instance, if strips are laid 100 m apart and the width of the strip is 20m, then 

the intensity of sampling is 20%. 

 Strip method of sampling suffers from certain drawbacks.  While it is not possible 

to use strips as sampling units in hill, it is difficult to maintain constant bearing and 

width of the strip even in plains.  On the basis of comparison of relative efficiency of 

plots and strips used as sampling units in ‘Mount Stuart’ (Tamil Nadu), Chacko (11) 

concluded that a sample of strips should be three times as large as sample of individual 

plots in order to given an estimate of equal precision.  5 to 10% strip enumerations 

carried out in sal and chir forests in U.P., however, led Gupta (33) to conclude that (i) 

they are sufficient for estimation of total stock in terms of values and good enough for 

individual size classes for a particular species, (ii) systematic in comparison to random 

sampling gave more accurate an precise results provided fertility gradient was taken into 

account, (iii) irrespective of the sampling intensity, the optimum number of sampling 

units was found to be 200 and (iv) results could not be relied upon for mixed crops. 

 Topographical units – Topographical sampling unit is defined as a sampling 

unit whose boundaries are predominantly topographical or natural features such as 

nalas, streams, ridges, etc.  These are shown on survey maps and can be fixed with 

exactitude on ground.  Even artificial features such as roads, inspection paths, block, 

compartment or sub-compartment boundaries, can also be conveniently used as they 

are accurately marked on the maps and are clearly located on ground.  The use of 

footpaths for the purpose is avoided unless they are verified to be accurately marked on 

the map.  In cases where natural or artificial features may not provide the whole of the 

boundary of a sampling unit, lines may be run at fixed compass bearings for short 

distances to join such features.  They are, then, accurately marked on the map to 

enable correct planimetering of the area of the unit. 

 Topographical units are mostly used as sampling units in hill forests where other 

survey methods cannot be conveniently and accurately carried out.  After the sampling 

intensity has been decided compact portions of the total area to be enumerated (after 



deducting inaccessible or unworkable areas which are excluded from enumerations) are 

divided into topographical units of convenient size varying from 12 to 24 ha first on the 

map and then on the ground.  The units are then stratified into homogeneous blocks 

such that the enumeration of at least two units per block gives the desired intensity of 

sampling.  In case a compact area is so small that the required number of sampling 

units cannot be accommodated there, two or more compact areas lying reasonably close 

may be treated as one unit.  Broadly speaking, vegetation and productivity zones in hills 

are the function of altitude, aspect, slope and geology.  Though it is not difficult to 

provide the same aspect throughout a stratification block, it is difficult to arrange units 

in such a way that they may be comparable with respect to relative altitude and slope.  

However, the best should be attempted. 

 Any difference in the location of the sampling unit between the map and ground 

can vitiate results.  As the size of the sampling unit in this method is quite large, the 

number of sampling units is necessarily small and the standard error is higher than that 

in the method of plots or strips. 

 Cluster – The term cluster is used to define a sampling unit which is, in fact, a 

group of smaller units.  The cluster is the statistical unit where as the smaller ones are 

only record units.  Information is collected separately in each record unit and is then 

merged with information from the other record units to constitute the information 

related to the sampling unit (cluster).  The record units are not the statistical units.  In 

no case should cluster sampling be understood as being synonymous with two stage 

sampling.  Examples of cluster designs are given on pages 246 and 247. 

RATIO AND RGERESSION ESTIMATION 

 The boundaries of the forests to be sampled are generally irregular and when in 

such areas, sampling units of fixed area are used, it is difficult to lay sampling units of 

equal area.  For instance, in strip sampling, each strip is a sampling unit but as the 

boundary of the compartment is irregular or is not rectangular, the lengths of the strips 

vary and consequently the area of each sampling unit is different.  The same thing 

happens in topographical units which are formed by natural features and so each of 

them has a different are.  In such cases ratio or regression estimation procedures are 

used.  When ratio estimation procedure is employed, the sample should consist of thirty 

or more sampling units so that the inherent bias of the method becomes negligible.  But 



this method is truly applicable when the linear relationship, represented by the 

regression line, between two variables (i.e., volume per unit and area per sampling 

unit), passes through the origin.  When the linear regression does not pass through the 

origin (i.e., volume per unit may be zero when the area of the sampling unit is not zero), 

the regression method of estimation should be used.  In this method, an estimate of the 

mean volume on the sampling units is adjusted by means of a regression coefficient. 

SAMPLING INTENSITY 

 Sampling intensity refers to the percentage of the area of the population to be 

included in the sample.  This depends upon the object of inventory, the type of forest 

being inventoried, kind of sampling to be used, time and money available, degree of 

accuracy aimed at and precision required.  Though advanced sampling techniques can 

reduce the intensity of sampling they require trained staff for their execution in field and 

processing this data in office.  In order to determine optimum intensity to be adopted in 

various forests to keep sampling error less than 10%, Griffith (31) on the basis 

enumerations carried out in different forests of the country at intensities varying from 

1.25% to 50%, recommended the following intensities for various types of forests: 

 

Type of forest Percentage 

Tropical wet evergreen 10 

Tropical moist deciduous 2½ 

Sub-tropical pine forest 5 

 

 The percentages usually recommended for different terrains are as follows 

Terrain Method Percentage of sampling 

Plains Strip sampling  
Line plot survey (0.05 ha circular 
equidistant plots on parallel lines) 

5 to 10 
2 to 5 

Hills Topographical units 20 to 25 when the area of the 
forest is more than 2000 ha 

 

 It may, however, be noted that the recommendation in terms of percentage of 

sampling intensity is for the sake of easy understanding.  The accuracy of the final 

estimate depends on the number of independent sampling units in the sample.  Thus 

very small areas sampled at a certain intensity will not give the same accuracy as is 



obtained when the same intensity is used for larger areas.  In other words, the intensity 

of sampling can be considerably decreased to obtain a prescribed level of precision if the 

area to be inventoried is extensive and sampling units used are small. 

FOREST INVENTORY DESIGNS USED IN INDIA 

 Most of the working plans in India use methods of partial enumerations by strips 

or by topographical units.  After 1990 many of the working plans in U.P. have been 

using cluster sampling by circular plots.  Intensity of enumerations have varied from 

10% to 50%.  Total enumeration is often carried out in valuable and mixed forests.  

Some typical examples are given below: 

(1)  Working plan for the Pilibhit Forest Division 1952-53 to 1961-62 by 
B.N.Chaturvedi 

 The conversion to uniform working circle – 10% randomized strip enumerations 

were carried out over the whole of PBI and PB unallotted and enumerations were carried 

out in 10 cm (4 inch) diameter classes. 

(2)  Working plan for the Tarai and Bhabhar Forest Division 1975-76 to 
1984-1985 by Madan Gopal 

 The pulp wood working circle  (Eucalyptus plantations)- Partial enumerations 

carried out systematically in plantation lines with a radom start.  Intensity of 

enumerations depended on the age of plantations as shown below: 

(i)  Plantations of 10 years age and over – Total enumeration 

(ii)  Plantations of 5 to 10 years age – 20% 

(iii)  Plantations below 5 years of age – 10% 

In partial enumerations (say 20%) blocks of 10 lines are made and two lines at 

random are selected in the first block, for example, line numbers 3 and 8.  Subsequently 

line numbers 13, 18, 23, 28 etc., are selected systematically. 

(3)  Working plan for the Nainital Forest Division 1978-1987-88 by B.N. 
Dwivedi 

(i)  The chir working circle-Total enumerations down to 10 cm diameter in 10 cm 

diameter classes in the felled and unfilled areas of P.B.I. About 33% partial 

enumerations on the basis of random sampling by topographical units in P.B. 

unallotted and P.B. last down to 10 cm diameter for all the species. 



(ii)  The oak working circle – 25% partial enumerations by topographical units 

selected at random. 

(iii)  The chir pulpwood working circle – Total enumeration down to 10 cm diameter 

in 10 cm diameter classes. 

(4) Circular Plot method of enumerations has also been used in some 

working plans in U.P.  In this method enumerations are carried out in circular plots each 

of 0.05 ha (radius 12.62 m).  The number of plots depends on the area of the forest 

units under enumeration.  The criteria varies according to the topography.  In the hills, 

the following criteria is used: 

 

Net area of the forest 
unit 

Distance between two 
plot centers 

Enumeration intensity 

Upto 10 ha - Total enumeration 
11 ha to 25 ha 75 m 9 circular plots each at two 

separate points 
26 ha to 50 ha 75 m 13 circular plots each at 

two separate points 
51 ha and over 75 m 17 circular plots each a t  

two separate points 
 

 Two random points are selected on the map and the number of plots is fixed 

according to the above table.  After the central point has been selected rest of the 

points are selected in North, South, East, West, NE, SE, SW, and NW directions each 75 

m apart along these directions.  In the plains the number of plots is fixed on the 

following criteria: 

 

Net area of the forest unit Enumeration intensity 

Upto 10 ha 

11 ha to 50 ha 

51 ha or more 

Total enumeration 

Minimum of 30 circular plots  

30 to 100 plots 

 

 In the hills this method offers no advantage over the method of topographical 

units.  It is suitable for mixed tropical forests of low stocking.  The number of points 

taken should depend on the variability of the crop.  The method has been found to give 

consistently an over-estimate of volume in such forests. 



 (5) Clusters have been used in the low intensity survey in several parts of India 

as well as in Nepal and Bhutan carried out by Forest Survey of India.  Two typical 

designs used by them are given below: 

 (i) Sampling Design for U.P. area (Bhagirathi, Bhilangana catchments- 

Sampling is done in systematically spaced clusters at 3 kms (NS) by 4 kms (EW).  Each 

cluster therefore represents 12 sq kms.  Around each cluster three sampling points are 

selected in such a manner that if these sampling points are joined together they form an 

equilateral triangle whose center is the cluster centre.  Thus one cluster contains four 

sample plots each of 0.1 ha making the sampled area at each cluster as 0.4 ha.  The 

sampling intensity is therefore 

            0.4 
------------------  x 100 = 0.033% 

          12 x 100 

 (ii) Sampling design for Chenab Valley (Jammu & Kashmir) – Sampling is done is 

systematically spaced blocks 8 kms apart.  Each block has 8 plots of 0.1 hectare area 

arranged in four clusters of two plots each.  The sampling intensity is therefore 

                0.8 
---------------- x 100 % = .0125% 

      8 x 8 x100 

 In both these designs stratification was not carried out prior to lay out of a 

sampling design.  It is always advisable to stratify the area and then to choose the 

sampling design suitable to a particular stratification.  This can be conveniently done 

where aerial photographs are available. 

 (iii) National Inventory Design of Forest Survey of India – Forest Survey of India 

evolved a National Inventory Design as under: 

 Each toposheet (1:50,000 scale) is divided into grids at 2 ½’ x 2 ½’.  In each of 

these grids a cluster of two square sample plots each of 0.1 ha area (giving an intensity 

of 0.01%) is marked.  In order to do this the length and width of each grid is measured 

to smallest convenient scale.  Let X and Y be the length and width of the grid and d be 

the diagonal of the plot. Then d is subtracted from the length and width leaving X-d and 

Y-d as balance.  Let these be X’ and Y.  Then two random numbers, one in each range o 

to X’ and o to Y’ are chosen.  Let these random numbers the x and y respectively.  Half 

of the diagonal is added to each of them making them x + d/2 and y + d/2.  These are 

the coordinates of the plot center of the grid, considering left bottom corner of the grid 



as origin of the axis.  Thus the plot center of the first plot is located.  In order to locate 

the center of the second plot, the first plot centre is joined with the grid centre and the 

line is extended in the opposite quadrant.  The centre of the second sample plot is 

marked by cutting the extended line equal to the distance of the first plot centre from 

the grid centre. 

 Example – Let the length and width of the grid be 84.5 mm and 93.0 mm 

respectively and the diagonal of the sample plot as 0.9 mm. 

 Therefore X’ = 84.5 – 0.9 = 83.6 mm 

         and Y’ = 93.0 – 0.9 = 92.1 mm 

 Suppose the selected random numbers from o to 836 and o to 921 are 23 and 

858.  These corresponds to 2.3 and 85.8 mm.  Half the diagonal (0.4 mm) is added to 

each making them 2.3 + 0.4 = 2.7 and 85.8 + 0.4 + 36.2.  These are the coordinates of 

the first plot centre which can be plotted by taking left bottom corner of the grid as the 

origin of the axis.  This point is joined with the grid centre and the line is extended into 

the opposite quadrant.  The distance between the first plot centre and grid centre is 

measured and cut off from the extended line to give the second plot centre. 

 With the help of the toposheet, the plot centers are located on ground with the 

help of some reference points.  Then the plots are made on ground by drawing the 

diagonals of each plot along north south and east west lines passing through the plot 

centre and cutting out the desired length. 

ERRORS IN FOREST INVENTORY AS A RESUT OF SAMPLING 

 Inspite of drawing up an efficient sampling design and all the precautions taken, 

errors creep in and the estimate of the population contained in the forest inventory 

becomes inaccurate.  There are two main sources of error, viz., sampling error and non-

sampling error.  The total error which is the difference between the estimated and true 

population value, is the combined result of both these errors.  Before describing these 

two types of errors, it is necessary to understand the two terms – accuracy and 

precision often used in connection with use of sampling in inventory.  Accuracy of an 

inventory, refers to the size of the total error of the inventory and includes error due to 

bias.  Precision, on the other hand, refers only to the size of the sampling error and 

excludes the error due to bias.  While the sampling error can be calculated, errors due 

to bias cannot be calculated.  This means that an estimate contained in an inventory is 



said to be precise when the sampling error, which can be calculated is small.  On the 

other hand, an estimate is said to be accurate when it is both precise as well as has little 

or no error due to bias.  Thus an inventory can be precise without being accurate if the 

error due to bias is present, but an accurate inventory is always precise. 

SAMPLING ERRORS 

 The sampling errors are those errors which arise from the fact that only a 

fraction of the forest area is enumerated and its result is applied to the whole 

population.  If there was no non-sampling error, the difference between the estimate 

and the population parameter (i.e., the true value) is the error of the estimate.  In other 

words, 

E = M – Y 

 Where E is the error in the estimate, 

  M is the population mean (arithmetic), and 

  Y is the sample mean. 

 As the population parameter in case of forest is not known, it is not possible to 

determine the true value of sampling error in forest inventory.  As an alternative sample 

data are used to obtain a measure of sampling error which must fulfill the condition of 

consistency.  Standard error is such a measure of the expected magnitude f sampling 

error.  By proper choice of the size of sampling units, their number and distribution in 

the area, the sampling errors can be kept within prescribed limits. 

NON-SAMPLING ERRORS 

 Non-sampling errors are those errors which arise from several causes such as 

error in location of the sampling unit, error in measurement and recording, biases of the 

enumerators, instrumental errors, faulty methods of compilation and analysis, etc., and 

often contribute substantially to the total error in the estimate.  Thorough training to the 

field staff and familiarizing them with statistical aspect of sampling work can reduce 

non-sampling errors to a great extent. 

CONFIDENCE LIMITS AND THE RELIABLE MINIMUM ESTIMATE 

 As already described in the last chapter, since the estimate of the population 

parameter is based on sample statistics it cannot be a single figure but should be a 

range within which the true value is expected to lie at a given probability.  Therefore 



forest inventory estimates are expressed in terms of a range with an associated 

probability.  The range is called a confidence interval and the values which define the 

limits of this interval are called confidence limits.  The upper and lower limits of 

confidence interval are found by : 

 CI = x ± ts x 

Where CI  is the confidence interval, 

 x   is the sampled mean, 

 t  is the student’s t which can be read from the student’s t distribution table  

for a chosen probability level using n-1 degrees of freedom where n is the  

sample size and  

 s x is the standard error and is equal to s / n2 where s is the standard  

deviation. 

 The lower limit of this interval is x – ts x and the upper limt is x – tsx.  The lower 

limit is also called Reliable minimum estimate (R.M.E.) and is then expressed as : 

 R.M.E. = x – ts x 

 Example – Fined the RME of volume per hectare at a probability of 0.1 when the 

mean volume per ha is 140 m3, standard error is 30m3, the number of sampling units is 

25, the probability value of t with 24 degrees of freedom as read from student’s table is 

1.711. 

 R.M.E. = x – tsx 

  = 140 – (1.711 x 30) 

  = 140 – 51.33 

  = 88.67 

 This means that the expected volume per hectare is not less than 88.67m3 

unless a 1 in 10 chance has occurred.  In other words, if random samples of size 25 are 

taken 10 times, 9 times the mean value is not expected to be below 88.67 m3. 

ORGANIZATION OF FIELD WORK AND CONDUCT OF ENUMERATION 

Total Enumeration 

 In total enumeration each party consists of one enumerator and seven 

mazdoors.  Out of these two mazdoors act as linesmen and go on making blazes to 

indicate the area enumerated.  They also keep tapes or calipers and enumerate the 

trees near to their line and mark them with scribe or chalk or geru to show that they 



have been enumerated.  The other four are regular tapemen who measure the trees 

and mark them with scribe or chalk or geru.  The seventh man is the watchman of the 

camp.  During summer, an extra man is allowed to fetch water for the working party.  

Each party has 6 callipars or tapes, 6 scribes or sufficient pieces of chalk or geru, 2 

billhooks, steel tape for checking tapes, coaltar, enumeration book and pencil. 

 The work is started from one end of the compartment, along one of its sides in a 

strip about 40 m (2 chain) wide by keeping 2 lines men approximately that distance 

apart.  The whole party proceeds in a team and they keep their position in the field by 

calling out ‘line, line’ and by looking at the man towards the permanent line. 

 All the trees of the species to be enumerated above the minimum diameter fixed 

for the purpose are enumerated.  When a tree to be enumerated is reached by the 

tapeman, he measures the breast-height diameter and calls out the measurement along 

with the name of the species to be recorded by the enumerator. Then he marks the tree 

with scribe or geru to denote that it has been counted and was of a particular diameter 

class.  The tapeman does not leave the tree until the enumerator has repeated back the 

diameter and species to denote that he has recorded it correctly.  In this way 

enumeration goes on till the party reaches the other end of the compartment.  Then the 

process is reversed.  The linesman who was walking along the fixed boundary of the 

compartment goes to a fresh point about 40 m (2 chains) from the point of the other 

linesman who remains at his position and goes back along the line that he had marked 

while in the previous strip.  When every worker has taken up his position for the new 

strip the enumeration is started as before.  The enumerator always remains near the 

centre of the strip, though he occasionally goes to this or that side of the central line to 

check the work of the tapemen.  These strips are not very strips and each of the 

following strip is just adjacent to the preceding strip.  Thus the work continues till the 

compartment is finished. 

 The record of the total enumeration is kept by compartment or sub-compartment 

giving one page of the enumeration book for one day’s work.  But as one day’s work 

would be difficult to distinguish on ground for checking, it would be advisable to divide 

the area into units of 12 to 20 ha with the help of natural features and to keep the 

record unitwise.  Where this too is inconvenient or impracticable for example in plains 

forest, the last line of the day’s work should be blazed very thoroughly and on the outer 



boundary of the compartment where the line cuts it, the date should be written on a 

blaze of a tree with indelible pencil. 

 When the enumeration of the whole compartment or sub-compartment is over, 

enumeration figures of all days spent on enumerating it, are added up species-wise, 

totaling green and dry trees separately.  The totaled figures are the figures of total 

enumeration for the compartment. 

Linear Strip Enumeration 

 In linear strip enumerations, each gang consists of 13 or 14 mazdoors besides 

the enumerator.  Their duties are as follows: 

 2 men for clearing the central line with billhooks and carrying the ranging rods; 

 2 men for measuring the central line with 20 m chain; 

 4 men for carrying ropes to mark the boundary of the strip-two on either side of 

the chain men; 

 4 men to measure the trees; 

 1 man to carry the prismatic compass with stand if this is used, but if the pocket 

prismatic compass is used, he will not be required; 

 1 watchman of the camp. 

 Each gang is provided with a prismatic compass with stand or pocket prismatic 

compass, two billhooks, 4 callipers or diameter tapes, one 20 m chain, three ranging 

rods with 5 arrows, six 20 m long ropes, one axe to make pegs, steel tape for checking, 

four scribes or enough chalk sticks or geru pieces, enumeration book and pencil, tracing 

of the map showing forest to be enumerated with base line, boundary pillars, central 

lines of the strips marked on it. 

 As partial enumeration requires some skill, it is necessary that before sending the 

parties to work, each enumerator is given necessary maps, tracings, and detailed 

instructions regarding the conduct of work so that he understands the method clearly 

before starting the work.  It is desirable that a field demonstration is given to each gang 

so that each member of the gang understands his job.  Instructions to the enumerators 

should cover the following points: 

(i)  Use of maps or tracing supplied, method of locating on ground the 

central lines marked on tracing and marking the start and end of the lines 

with prominent blazes on trees; 



(ii)  Use of compass, method of clearing the central line including fixing pegs 

at regular intervals; keeping correct direction, measuring the central line 

with chain, etc; 

(iii)  Method of maintaining the width of the strip with ropes; 

(iv) List of species to be recorded, the lowest diameter above which 

enumeration is to be done, diameter classes with their lower and upper 

limit, classification into sound or fit and unfit, green and dry; 

(v) Correct method of using calipers or diameter tapes, method of calling 

out, system of marking enumerated tree with scribe or chalk stick; 

(vi) Notations for recording measurements in the field book, instructions 

about closing the enumeration at the end of the recording and sampling 

unit as well as at the end of the day; 

(vii) Office work at the end of the days work and after completion of work in a 

compartment, such as inking figures of enumeration, totaling, abstracting 

and submission of enumeration books after completion of work. 

(viii)  Direction for sketches or notes for stock map to be prepared while 

enumerating. 

To start linear strip enumeration in the field, the first thing to be done is to 

locate the point on ground from which the enumeration is to be started.  That point is 

given in the map supplied to the enumerator.  He has only to measure the distance of 

that point from some fixed point, e.g., boundary pillar on the map and with the help of 

that fixed point on ground to locate the point of starting enumeration on ground. 

When the point from where the enumeration is to start, has been located, a peg 

is fixed there and the number of the grid or line is written on it with pencil.  This number 

is also written on the blaze of a tree nearby.  Then the enumerator sets his prismatic 

compass on this peg and directs the ranging rod men to clear the shrubs and if 

necessary.  Some understorey small trees on a particular bearing so that the cleared 

central line represents the line on the map. 

LINE PLOT SURVEYS 

For line plot surveys, each gang consists of 10 men as the 4 rope men of the 

linear strip enumeration are not required.  Similarly, the equipment per partly is the 

same as in linear strip enumeration except that ropes are not required.  The duties of 



the men and the instructions given to the enumerator are similar.  The maps or tracings 

supplied to the enumerator, however, have plots marked on the map in addition to the 

lines on which they are situated.  The method of starting the work in the field is similar 

to that of the linear strip except that enumeration is not done all along the line.  After 

the central line has been cleared and measured and the site of the plot is reached, the 

plot is marked out and enumeration done.  After the plot is enumerated, the party 

moves forward along the central line being aligned with the help of prismatic compass 

and when the site of the next plot is reached, it is laid out and enumerated.  The record 

of enumeration in this case is kept plot wise.  When the end of the compartment is 

reached, the starting point of the next line is located with reference to the line just 

covered and the procedure is repeated. 

PARTIAL ENUMERATION INHILLS BY TOPOGRAPHICAL UNITS 

The field party for this work consists of about 7 men, besides the enumerator.  

Of these 4 are tape men, 2 are lines men, and one chaukidar.  The equipment is the 

same as required in total enumeration.  However, sufficient coaltar is given so that the 

boundary of the topographical unit enumerated is clearly demarcated.  The field party 

goes to the field with a map of the area showing topographical units and the units to be 

enumerated.  With the help of the map and study of the natural feature, the 

topographical unit which is to be enumerated is located.  The boundaries of the unit are 

then clearly marked on the ground by coalter ring marks on trees along the boundary.  

When this is done, total enumeration of the unit is completed in the same way as the 

total enumeration of a compartment or sub-compartment is done.  The record of each 

unit is kept separately. 

SURVEY OF YOUNG MIXED PLANTATIONS IN UNDULATING TERRAIN 

The survey of plantations of pure species can be done by any of the techniques 

previously described.  Plantation activity over degraded lands is now increasing and 

monitoring the success is necessary to verify the return on inputs as well as to judge the 

efficacy of the planting methods.  Several species are planted due to the changing 

topographic of the site.  Survival per cent is generally used as a criteria or success or 

failure.  This is not, however, a proper index as the species and spacings frequently 

change due to considerations of the site and personal judgement.  The most reliable 



parameter to indicate productivity is the basal area.  As the rates of growth are slow on 

degraded lands, breast height measurements are not possible in most situations at early 

age.  The survey should be done during the season when most tree species are 

dormant.  The methodology is explained as a case study carried out over a two year old 

plantations covering 10 ha of an undulating terrain.  The method can be used for 

successive inventory 

The methodology for sampling design consisted of the following phases: 

Phase I - Reconnaissance survey and initial data collection 

Phase II - Preliminary data analysis 

Phase III - Computation of sample size 

Phase IV - Sample survey and final data analysis 

 

POINT SAMPLING 

INTRODUCTION 

The sampling units may be either of fixed areas or be just points.  Sampling of 

fixed area have already been described in that chapter.  In this chapter sampling from 

points or point sampling will be described. 

In the metric system the forest basal area is expressed in m2 while land area is 

expressed in hectare which is equal to 10000 m2.  Similarly in FPS system basal area is 

expressed in square feet and land area is expressed in acre which is equal to 43560 

square feet.  Thus basal area/land area is a ratio and is a dimensionless quantity.  It is 

therefore possible to express it by a dimensionless measure.  Bitterlich (7) has proved 

that counting from a random point the number of trees whose breast height cross 

section exceeds a certain critical angle when multiplied by a constant factor gives an 

unbiased estimate of basal area per ha.  This technique is called by several names viz., 

‘angle count cruising’, ‘pointless cruising’, ‘point sampling’, ‘variable plot cruising’, ‘PPS 

(probability proportional to size) sampling’ and ‘polyareal plot sampling’.  Point sampling 

can be either, horizontal or vertical depending on whether diameter (or basal area) or 

height has to be estimated.  Horizontal sampling has been widely used and has 

revolutionized forest inventory practices. 



CONCEPT OF HORIZONTAL POINT SAMPLING 

In horizontal point sampling, a series of sampling points are selected randomly or 

systematically distributed over the entire area to be inventoried.  Trees around this point 

are viewed through any angle gauge at breast height and all trees forming an angle 

bigger than the critical angle of instrument are counted. 

It may be noted in the above figure that even though all the trees are of the 

same basal area, some are counted in the tally while others are not because being far 

away from the sampling point they did not form an angle bigger than the critical angle 

of the instrument.  On the other hand, at the same distance from the sampling point a 

bigger tree is counted while a smaller tree is not.  Thus the inclusion of trees in tally for 

a given angle depends upon the sizes of trees and their distances from the observer or 

sampling point.  The number of trees counted when multiplied by a constant factor, 

which is dependent only on the size of the angle, gives the basal are per ha.  It means 

that each tree counted regardless of its dbh represents the same basal area per ha. 

PROOF OF THE UNDERLYING PRINCIPLE 

In order to prove this, assume two trees of different dbh (or basal area) situated 

at such places that they just tally, i.e., the viewing lines are tangent to the breast height 

cross section as shown below: 

A and B are the breast height cross sections of two trees with different dbh Da 

and Db respectively.  The trees are situated at Ra and Rb distances from the sampling 

point.  Continuous circles represent the cross sections of trees at bh, and the dotted 

circles represent the imaginary circular plots with sampling point as the centre and the 

distance of the tree from that point as radius.  The angle gauge is projecting a fixed 

horizontal angle q and the lines forming the angle are tangents to the bh cross section 

of the tree. 

In the above figure, considering the tree section A 

       Da/2    1       Da 
  Sin q/2 =  ---------  =  -----  -------- 
             Ra                  2        Ra 
 
 Similarly, considering the tree section B, 

       Db/2    1       Db 
  Sin q/2 =  ---------  =  -----  -------- 

             Rb                  2        Rb 



        Da   Db 
or Sin q/2 =  ---------  =  -----   

           2Ra                  Rb 
 

          Da     Db 
or 2Sin q/2 =  ---------  =  -----   

               Ra                  Rb 
 

The means that in the position when the viewing lines are tangent to the tree 

cross section, the ratio of tree diameter to the plot radius is constant.  Let it be k.  Then 

for a given angle q for the cases described above, the tree diameter in centimeters and 

plot radius in metres have a fixed ratio k as shown below: 

          D                   q 

 K  =  -----  =  2 Sin  ----- 
                     R                   2 
 

In other words, the radius of each concentric circular plot is determined by the 

diameter of the tree and the angle of the instrument. 

Since the diameter of the tree and the radius of the imaginary circular plot have 

a fixed ratio k, the ratio of the square of the diameter of the tree and the square of the 

diameter of the circular plot will be k2/4 as shown below: 

          D                   D 
         -----  =  k  or  ------  =  k 
                     R                 Di/2 

 

Where Di is the diameter of the circular plot or is equal to 2R. 

D           k 
       -------  =  ----- 
           Di          2 
 
          D2           k2 
       -------  =  ----- 
          D2

i          4 
 

 In other words, the ratio between the basal area of the tree and the area of the 

circular plot is k2/4.  This can be proved as shown below: 

  Basal area of the tree 
         ------------------------------ 
                   Area of the circular plot 
 



                D2 
 p ------ 

                4                 D2            k2 
     =  -------------  =  ---------  =  ----- (Since k = D/R) 
              p R2             4 R2           4  

 
 In usual metric units D is expressed in centimeters and distance is expressed in 

metres.  If same units are used, then 

  D                    q 

  K  =  ---------  =  2 sin ----- 
                              100 R                 2 
  

  In basal area per hectare as represented by each qualifying tree, F,  is  

independent of tree diameter as shown below: 

  F =  Basal area of the tree  x  Factor to convert to per hectare basis 

          Basal area of the tree     Area of one hectare 
          --------------------------------------------  x  -------------------------- 

       =  Area of the circular plot of the tree                     1 
 
                      k2      10000                        Basal area       k2 
      =  ----- x -----------       Since --------------- = ---- as already proved  
                               4           1                             Plot area        4 
 
       =  2500 k2 
 
 This is in m2 per hectare.  Similarly in FPS system basal area in square feet per 

acre is 10890 k2. 

F is called the area factor.  The angle of the instrument can be so chosen that 

the basal area factor is in whole numbers.  Thus for basal area factor 1, the angle of the 

instrument can be chosen such that 

1 = 2500 k2 
 

       1            1 
    p k  =     ---------  =  ----- 
                    Ö    2500         50 

 
 Since k = 2 sin q/2 
 

 2 sin q/2 = 1/50 
 

 sin q/2  =  1/100 
                     q                   1 
 Angle -----  =  sin-1  ------ =  0.57  Therefore q = 68.76 minutes 

2 100 



DEFINITION OF TERMS USED IN POINT SAMPLING 

 The following terms are commonly used in point sampling. Therefore a 

knowledge of these terms is essential. 

 i) Diopter – This is a measure of the value of an angle expressed as its sine.  

One diopter is approximately equivalent to an angle of 0.57o or 34.36 minutes,  

since sin 0.57o  =  1/100 = 1 diopter 

ii) Basal area factor (BAF) – This is the multiplying factor associated with any 

instrument.  As explained above, if the instrument gives basal area in square metres per 

hectare, then 

     BAF = 2500 k2 

  = 10000 sin2 q/2 as k = 2 sin q/2 

 where q is the angle of the instrument 

iii) Plot radius factor – This factor defines for each tree the radius of the circle 

within which the tree is tallied using an instrument with fixed critical angle.  If the dbh 

of a tree and the radius of the plot circle are measured in the same unit, then the plot 

radius factor is equal to the reciprocal of the ratio defining the critical angle in diopter.  

For example, with a 5 diopter instrument, the ratio is 5/100 and the plot radius factor is 

20.  Thus the plot radius factor for an instrument with critical angle q is given by the 

reciprocal of 2 sin q/2.  This factor is very useful in checking doubtful or borderline 

trees. 

iv) Calibration distance factor – This factor indicates the distance at which a 

given angle, gauge will exactly cover or a prism will exactly deviate, a rectangular target 

which is one metre wide.  Calibration distance factor is 100 times the plot radius factor.  

If calibration distance factor for an instrument is C, 

   10000 
 BAF  =  ----------- 

  1 + 4C2 

Plot radius factor is metres per cm of diameter  =  C/100 

Diopter value of an instrument  =  100/C 



Some basal area factors and their characteristics are given below: 

 

System of 
measurement 

Basal area 
factor (m2/ha) 

Plot radius 
factor (m/cm 

of dbh) 

Prism 
strength in 

dioptes 

Angle size 
(Deg. Min. & 

Sec.) 
Metric system 0.25 

0.50 
1.00 
2.00 
3.00 
4.00 
5.00 

1.0000 
0.7071 
0.5000 
0.3535 
0.2886 
0.2550 
0.2236 

1.00 
1.41 
2.00 
2.83 
3.46 
4.00 
4.47 

0o34’20o 
0o48’37o 
1o08’46o 
1o37’14o 
1o59’05o 
2o17’31o 
2o33’41o 

 

System of 
measurement 

Basal area 
factor 

(ft2/acre) 

Plot radius 
factor (ft./inch 

of diameter) 

Prism 
strength in 

dioptes 

Angle size 
(Deg. Min. & 

Sec.) 

British system   5.0 
10.0 
15.0 
20.0 
25.0 
30.0 

3.889 
2.750 
2.245 
1.944 
1.739 
1.588 

2.14 
3.03 
3.72 
4.29 
4.78 
5.26 

1o13’40o 
1o44’11o 
2o07’35o 
2o27’20o 
2o44’44o 
3o00’28o 

 

v) Tree factor – Tree factor is the number of trees per hectare (or acre) 

represented by each tree tallied.  This is obtained by dividing the associated plot are into 

the square metres area of one hectare (or square feet area of one acre in British 

system). 

          10000 
  i.e., Fi  =  ----------- 

 p R2 

 
          10000          10000 k2 

       =  -----------  =  ------------ 
 p D2                      p D2 

                               ------- 
                                  k2 

  
 4 

      =  -------- x 2500 k2 
          p D2 

 
           BAF 
     =  ------- 
             Bi 

 Where Bi is the basal area of a particular tree 



USES OF HORIZONTAL POINT SAMPLING 

 Horizontal point sampling is used for determination of the following: 

 i)  Basal area per hectare 9BA) – if n trees tally 

  then Fi = 1/n 

              1           n  BAF     BAF        BAF  

  ------  =  S   -------  =  -------  =  ------- 
                        n        i=1    Bi           SBi           BA 
 
  BA per hectare  =  BAF x n 
 
 ii)  Number of stems per hectare (N) 

                          n    1  

  N =  BAF S   ----- 
                                   i=1  Bi 
 
 Where Bi is the basal area of ith tally tree, i.e., knowing the diameter of every 

tally tree it is possible to determine the number of stems per hectare, i.e., number of 

trees/ha 

Basal area factor of prism 
  =  ------------------------------------------ 

     Total basal area of the tally trees 

 iii) Volume per hectare V = Basal area x Stand form height.  Basal area is directly 

calculated by a point sampling instrument.  The stand form height is obtained from a 

sub-sample of trees.  This can be done either with the help of volume tables or by the 

Presslers formula which states that the volume of a single tree = 2/3 gh1, where g is the 

basal area of the tree and h1 is the height at which the diameter is half the diameter at 

breast height.  With a relaskop it is possible to measure h1.  The procedure is to walk 

towards or away from a tree until its breast height point is exactly covered by band 4.  

Then tilt the instrument upwards until the point is found which is exactly covered by 

band 1 (band 1 is half the width of band 4). 

INSTRUMENTS USED IN HORIZONTAL POINT SAMPLING 

 The following instruments are used in horizontal point sampling: 

 Simple angle gauge – It is a simple instrument consisting of a stick one metre 

long with a peep-sight at one end and metal blade 2 cm wide fixed at the other end at 



right angles to the axis of the stick.  The width of the blade and the length of the stick 

then determine the angle. 

Wedge prism – The wedge prism is a wedge shaped piece of glass.  Rays of 

light passing through the prism are bent depending on the critical angle of the prism.  

This property is utilized to see if the tree tallies or not.  When a tree is viewed through 

the prism at breast height at right angles to the line of sight and simultaneously seeing 

the trunk of the tree directly from over the prim, it will be seen that the portion of tree 

viewed through the prism is displaced sideways depending on the critical angle of the 

prism.  The tree is counted if the image overlaps the directly viewed tree.  The tree is 

ignored if there is a gap. 

The basal area factor of the wedge prism is calculated on the basis of the critical 

angle of the prism and is inscribed on the prism.  BAF can be easily calculated for a 

prism by measuring the distance at which two thin rods kept D distance apart just 

overlap when seen through the wedge prism. 

If this distance is L then 

        10000 
BAF  =  ----------------- m2/ha    (or) 

   1 + 4 (L/D)2 

                  43560 
BAF  =  ----------------- ft2/acre 

   1 + 4 (L/D)2 

It is necessary in this case that D and L are measured in the same units.  If the 

width of the object where it is just displaced is 1 and the calibration distance is C, then 

              10000 
BAF  =  ------------- m2/ha   (or) 

   1 + 4 c2 
 
              43560 
BAF  =  ------------- ft2/acre   (or) 

   1 + 4 c2 

The prism has to be held precisely over the sample point.  The distance of the 

eye from the prism does not affect the amount of image shift.  It is necessary that the 

prism is held in a vertical position in level terrain and at right angles to the line of sight 

on sloping ground, otherwise large bias in the tree tally may result.  If the prism is not 

at right angles to the line of sight, too few trees are counted while a tilt in vertical plane 



increases the number of tally trees.  In field practice it is rather difficult on sloping 

ground to position the wedge prism such that the surface of the prism is at right angles 

to the line of sight.  This can be done by using the wedge prism in combination with an 

Abney’s level or any other slope measuring instrument.  Then tally number obtained 

from each point is multiplied by the secant of slope angle.  No slope correction is 

necessary upto an angle of 18o.  A slope angle of 25o causes in error of about 10%.  

Several workers have tried various attachments or modifications to the wedge prism for 

slope correction but by doing so the simplicity of the instrument is lost. 

In order to use the instrument for finding out the basal area of a stand, a few 

sample points are selected where the crop is representative of the stand.  Then standing 

at one of the sample points, trees are viewed holding the prism in hand between the 

thumb and middle finger a little away from eye in such a way that the trees are seen 

through its broad side.  Care should be taken to see that the prism is over the sample 

point and that it is kept in a vertical position so that it is at right angles to the line of 

sight in a level country.  The breast heights of the trees are then viewed through the 

prism and directly from above it.  The image of trees seen through the prism may be 

found in one of the following three conditions. 

i)  It may overlap the tree stem sighted directly to a lesser or greater extent 

ii)  Its one edge may just touch the tree stem sighted directly or 

iii)  It may be separated from the tree stem sighted directly by a clear gap 

The overlapping image is called a fully tally and the marginal touching image is 

called borderline or half tally.  These trees are recorded accordingly.  The trees of the 

third condition being out are not recorded.  From one sample point a full sweep of 360o 

is taken making note of the full and half tallies.  The process is repeated at 2 or 3 other 

sample points and the figures of full and half tallies are totaled and averaged.  The full 

tally trees are counted as one, while the half tally trees are counted as half.  Thus two 

half tally trees make one full tally tree.  The total tally figure is then multiplied by the 

basal area factor and the product is the total basal area in m2 per hectare.  This figure 

when multiplied by the area of the plot in hectares, gives the total basal area inside the 

plot. 

Spiegel Relaskop – This is a small instrument which is not only widely used in 

point sampling but also for many other purposes.  A drum pendulum with graduations 



(measuring bands) precisely mounted on roller bearings is fitted inside the sturdy metal 

case.  On the outer case, there is a peep hold A at the top on the back side, a clear 

window B in the top front in light, three circular windows D (two on sides and one in 

front) to provide light to the interior, particularly on the measuring bands, and a button 

E which when pressed frees the weighted drum and when not pressed keeps the drum 

locked.  The instrument can be used in hand or may be fitted on tripod for accurate 

readings for which a socket is provided in the case. 

Looking through the peep-hold A and window B there is clear wide-angle field of 

vision which is divided into two halves horizontally by a sharp line.  In the upper half the 

observer views the terrain and the trees.  In the lower half he seeds the bases of the 

trees as well as the scales.  All the readings are taken where the scales touch the line. 

There are several makes of the instrument and the number of bands as well as 

height measuring scales vary from make to make.  One instrument made in Austria has 

the following scales from left to right: 

20 m height band 

band 1, 

four narrow bands, i.e., two white ones plus two black ones in between, 

25 m height band, 

30 m height band, 

band 2, 

range finder bands, i.e., two white bands of which the four edges are used 

Band 1 plus 4 narrow bands are collectively called band 4.  The height bands 

have direct height readings in metres printed along side.  They are identified only by 

their position as 20m, 25 m and 30 m.  In certain makes these are identified by 

enclosing the scale readings in rectangle, rhombus and triangle respectively.  Over most 

of their lengths, whole metres are numbered and the half metres are indicated by short 

lines.  The zero (horizontal) point is also indicated by thin white horizontal lines at each 

side of the assembly of scales, the readings above and below the horizontal lines are 

indicated by (+) and (-) signs.  The readings below the horizontal increase in value as 

they are read downwards from zero. 

Bands 1 and 2 are identified by these numbers frequently repeated on them.  

The word ‘unten’ marks the lower edge of the range finder scales; their upper edges are 



marked by the numbers 15, 20, 25 and 30 respectively frequently repeated.  All bands, 

other than height bands which are of uniform width, are widest at the zero point and 

taper towards the ends. 

The purposes for which the instrument can be used together with brief 

description of the method of use are given below: 

i) Range finding – For this purpose, a target, such as stick of fixed length, 

depending on the instrument, is needed.  For the particular instrument described here, a 

target of 2 m length is needed.  Certain other instruments use targets 66.7 cm long.  

The target is used hanging or standing vertically.  The distance found is always the 

horizontal distance. 

Having placed the target in position, the observer stands approximately at the 

right distance, presses the brake button and takes a sight to the mid-point of the target.  

Then he locks the instrument.  This fixes the indicated slope in it.  Then keeping the 

instrument locked throughout, the observer turns it anticlockwise through 90o.  He then 

walks back or forward until the edge marked ‘unten’ corresponds with the lower edge of 

the target while the edge marked 15, 20, 25 or 30, according to the desired distance in 

metres corresponds with the upper edge of the target.  If the target is bigger than the 

sights, he is too near an should move away; if smaller, the observer is too far away and 

should therefore move nearer. 

ii) Height measurement – For height measurement, the horizontal distance is 

first determined as described in the previous para.  Then height is read directly from the 

corresponding height band.  Readings are taken to the top and bottom of the trees.  If 

one is minus and the other is plus, they are added.  If both are plus or minus, the 

difference of the readings gives the height of the tree.  In certain instruments, an extra 

scale is provided, which gives the angle of inclination as well as the slope.  If such a 

scale is used, it is not necessary to keep the instrument at a predetermined distance.  

Height is obtained by multiplying the distance to the tree by slope. 

iii) Slope measurement – The height bands can give angles of slope or 

gradient.  For examples a reading of 4 ¾ on25 m height band means a slope of 4 ¾ in 

25, i.e., 19% or an angle whose tangent is 0.19, i.e., 10o45’.  In certain instruments, a 

separate scale directly gives angles and slopes. 



iv) Diameter measurement – Band 1 and 4 narrow bands are used for 

measuring tree diameters at any height on the tree stem. 

v) Determination of basal area per hectare – The Spiegel relaskop was 

really developed for determination of basal area per hectare.  The use relaskop for this 

purpose is simple.  Standing at one point, the observer presses the button to release the 

pendulum.  It assumes again a vertical position resulting in an automatic adjustment of 

the variable band width since the graduations have been reduced by the factor of the 

cosine of the slope angle.  The measuring bands representing different critical angles or 

basal area factors are magnified through a lens, projected on a mirror and appear in the 

lower half of the field of vision.  The width of band with the peep-hold produces the 

angle.  The observer then makes a sweep of the surrounding trees and compares the 

breast-height diameter of each tree with the band.  The tree that appear bigger than 

the chosen scale (band width) at breast height is a tally tree.  Trees appearing smaller 

than the chosen scale are non-tally trees.  The basal area is obtained by multiplying the 

number of trees by the basal area factor of the band used. 

vi) Determination of number of stems per hectare – The total number of 

stems per ha is often required for thinning studies, finding out survival percentage in 

plantations and for several other purposes.  This can be found out by using relaskop, 

recording dbh of all tally trees and classifying them by diameter classes.  The number of 

trees counted in each class is multiplied by BAF/g where g is the basal area of the 

average trees of the diameter class and BAF is the basal area factor of the band used for 

sweep.  The result is the number of stems of that class per ha.  The sum of the 

numbers of different diameter classes gives the total number of stems per ha.  Where 

the estimate is based on counting over many sampling points, the result has to be 

divided by the number of points. 

vii) Determination of volume of individual trees – The tree can be 

hypothetically considered to be divided into sections and the mid-diameter of each 

section is measured by a relaskop.  With the diameter so measured and length of 

sections, the volume of section can be obtained, which when totaled given the volume 

of the tree.  The method is however, cumbersome and volume estimate is only 

approximate. 



viii) Determination of form factor and form height – Pressler has 

suggested the following formula for volume: 

  V = 2/3 gh1 

Where g is the basal area and 

h1 is the height at which the diameter is half of the diameter at breast 

height 

With relaskop it is possible to measure h1.  Band 1 is used for diameter at breast 

height and two narrow bands to locate h1.  The height of this point is then obtained by 

the method used for measuring heights.  Using Pressler’s formula, volume of the tree is 

determined and then form height is obtained by dividing the volume by basal area. 

ix) Determination of volume of stands – The volume of stand per ha is 

given by the formula: 

  V = G x FH 

Where G is the basal area per ha and 

 FH is the weighted average form height 

Basal area per ha of a stand is obtained by averaging the values obtained for 

basal area per ha from all sampling points per stratum.  FH is found by the method 

described earlier. 

Wide-scale Relaskop – A new model of Spiegel relaskop has been developed.  

It differs from the older model only in respect of scales provided.  It is particularly 

suitable for measuring large trees. 

Tele relaskop – This is an instrument distinct from the Spiegel relaskop. 

The essential mechanism is the same, but the use of a telescope gives the 

instrument quite different characteristics.  This essentially is a dendrometer, i.e., its 

primary purpose is to take accurate height and diameter measurements of single 

standing trees.  It can be used for horizontal point sampling but simpler Spiegel relaskop 

should be preferred for this purpose.  The instrument is used mounted on a tripod and is 

provided with a telescope with a magnification of x8.  On looking through the eye piece, 

the lower half of the field of view is seen to be taken up by part of the scale and the 

upper half by the object sighted, generally the stem of a tree.  The edge of the scale 

appears as a sharp horizontal line and is referred to as the ‘measurement of edge’.  All 

readings are taken along this edge.  The first ten tenths of one unit at right and the rest 



three units ‘black white’ indicate the four ‘tacheometer units’.  The right hand 

tacheometer unit is divided into tenth, six white and four black strips, with a thin black 

line to mark the mid-point.  In the middle of the diameter scales there is a scale of 

percentage slopes as well as clinometer scale in degree from +90o to – 90o.  The basal 

area factors corresponding to tacheometer readings are as follows: 

 

Tacheometer units 4 2Ö3 3 2Ö2 2 Ö2 1 

K (m2/ha) 4 3 9/4 2 1 ½ ¼ 

 

         (TU)2 
 The general formula is K = -------- 

4 
 

The instrument is used in conjunction with a horizontal staff which is 1.20 m long 

and is graduated in centimeters.  It is provide with a spirit level and a short steel rod 

which is set at right angles to the staff.  The staff is mounted on a light tripod and is set 

up next to the trees at breast height. 

An observing position is chosen which gives the best available view of the top 

and bottom of the tree.  The exact distance is of no importance.  The first sight is taken 

to the staff so as to find the value on the staff corresponding to one T.U.  This is called 

% Base Reading “B.R.”.  The scale is constructed so that ‘one tacheometer unit’ 

corresponds to the angle which subtends one unit at a distance of hundred units.  Thus 

at a distance of 100 m, 1 TU on the scale will coincide with 1 m on the staff.  The 

diameter and height at any point is obtained by simple ratio. 

Let a = BR in centimeters or horizontal distance in metres 

 b = diameter reading in tacheometer units 

 p = height reading on percentage scale 

 d = diameter in centimeters and 

 h = height in metres; 

then d = a x b and 

       a x p 
 h = -------- 

       100 
 

If BR is in inches, then height will be p x BR/12 ft 



To reduce chances of error, the distance from the tree should be kept within a 

range of 1 + 0.5 times the height of the tree and the observer should, preferably stand 

higher up than the foot of the tree.  There are several formulae for calculating volume of 

standing trees: 

a) Hahenadl’s formula 

 V = h (p/4) 0.2 (d2
0.9 + d2

0.7 + d2
0.5 + d2

0.3 + d2
0.1) 

Where  V = Volume in cubic metres 

 h = height in metres 

d0.1 to d0.9 are the diameters at 1/10th to 9/10th of the height starting from the 

top, in metres. 

b) The ‘odd ten percents’ method 

In this method the sections are made corresponding to 20% on the scale.  The 

mid-points which are to be measured are therefore at 10%, 30%, etc., i.e., at the ‘odd 

ten percents’. 

 V = 5 x 10-6a3p (b1
2 + b2

2 + ………. + bn
2) 

c) The ‘any visible diameters’ method 

Very often, it is not possible to get clear sights to many parts of the stem.  

Measurement for diameters are then taken wherever possible, care being taken to take 

maximum number of points from the middle part of the tree.  For this case, the general 

formula is: 

V = 1.25 x 10-7a3p [2b1
2 (p1 – pn) + (b1

2 + b2
2)(p2 – p1) + ……….  

+ (b2
n-1 + b2

n)(pn – pn-1) + (bn
2 (p0 – pn)] 

The Rope Method 

In this method proposed by Satyamurthi (58), a fixed length of the rope is taken.  

It is extended to touch the tree.  The same length is taken around the tree.  If this 

length covers the girth of the tree, this is a tally tree.  If we stand at a distance which is 

less than the tree’s circumference then we tally the tree; otherwise not. 



METHOD OF OBTAINING NUMBER OF TREES OF A DIAMETER CLASS PER 
HECTARE FROM HORIZONTAL POINT SAMPLING 

Horizontal point sampling has been successfully used in several forest inventories 

in India for determining basal area per hectare.  But it does not give directly a 

representative picture of the forest at each point because trees are not selected with the 

same probability.  This short coming is more serious in mixed tropical forests where it 

may be interesting to know the distribution of the species and diameter classes at each 

sampling location.  For determining diameter class distribution it is necessary to find out 

the diameters of the tally trees.  The number of trees belonging to the diameter class 

are obtained by multiplying the actual number of tally trees of that diameter class by a 

factor which is equal to 

 1 
BAF x -------------------------------------------------------------- 

Basal area of the mid-point of the diameter class 
 
 For example, if the diameter classes are of 10 cm starting form 10 cm then the 

basal area of the average tree of 30 – 40 cm class will be  

p (0.35)2 

          ---------------  =  0.0962 m2 
     4 

Thus the number of trees per m2 of basal area of this class will be 1/0.0962 = 

10.4 trees per m2 BA.  The trees actually tallied in this class will be multiplied by 10.4 to 

get the number of trees per hectare belonging to this class. 

HORIZONTAL POINT SAMPLING COMPARED WITH PLOT SAMPLING 

The following are some of the relative advantages and disadvantages of 

horizontal point sampling as compared to plot sampling: 

i)  In horizontal point sampling, sample trees are selected proportional to their basal 

area, thus big and valuable trees are selected preferentially, while in plot 

sampling all trees have the same chance of being selected 

ii)  In point sampling, the total basal area is obtained by mere counting without 

diameter measurements 

iii)  Quick reconnaissance surveys may be conducted by one man crew in point 

sampling 

iv) Point sampling requires higher level of intelligence of measuring crew 



v) Point sampling is difficult in very dense tropical rain forests.  In continuous forest 

inventories where identical trees are required to be measured, plot sampling is 

preferable to point sampling 

vi) Total basal area is more effectively estimated in point sampling as probabilities 

are proportional to size while number of stems is more effectively estimated in 

plot sampling which may be regarded as sampling with probability proportional 

to frequency 

NON-SAMPLING ERRORS IN HORIZONTAL POINT SAMPLING 

 The following non-sampling errors often occur in horizontal point sampling: 

i)  Instrumental errors and personal bias – In making a 360o sweep the 

starting tree is often either left out or counted twice.  This error can be avoided 

by making the first tree and following one procedure of counting it either in the 

beginning or at the end 

ii)  Deviation from the prescribed sample point – While making a sweep with 

instrument held in hand the viewer often does not keep the instrument at the 

same point.  This gives an over estimate of the tally trees.  With an error of    

0.5 m in circle radius, the bias in basal area with a BAF of 4 may amount to 

+4%. 

iii)  Bias due to concealed trees – Concealed trees are the most serious source of 

bias in stands of high density.  An instrument with smaller BAF increases these 

errors.  BAF should be so chosen that 8 to 20 trees tally.  Concealed trees should 

be seen by shifting such that distance between the tree and the observer does 

not change 

iv) Error due to incorrect inclusion or exclusion of borderline trees – 

Borderline trees should be checked carefully by measuring distance, if necessary.  

In quick surveys the best way is to count each borderline tree as half tally tree 

v) Bias due to imaginary circle extending outside the stand – Slop over 

occurs when any part of a trees associated imaginary circular plot extends 

beyond the boundary of the stand being sampled.  This causes a bias, which 

should be avoided by shifting the sample point to the interior of the stand.  

However, this would at the same time increase the edge bias, since the 

boundary zone will not be adequately represented 



VERTICAL POINT SAMPLING 

The Japanese forester Hirata developed a method for deriving the mean stand 

height through vertical point sampling.  Within a full 360o sweep around the sample 

point all trees appearing taller than a critical angle C are counted. 

Let OC be the average height (h) of the stand 

 AO = h tan p 

The area of the base of the cone in which trees of average height h are seen 

 = p (OA)2 

 = p (h tan p)2 m2 

 = p h2 tan2 p/10000 hectares 

If number of trees per hectare is N, then number of trees in this area 

ph2 tan2 p 

= N X -------------- 
            10000 

 
If the number of trees counted is n 

   ph2 tan2 p 

n = N X -------------- 
               10000 

 
  10000 n 

 h =     --------------- 
                 Ö   p N tan2 p 

 

         100          n 
    =  -------      ------ 
                   tan p  Ö   p N 

 

If the critical angle of 45’ is chosen 

                    100         n 
h  =  -------     ----- 
        Ö p    Ö     N 

 
                                   n 

h  =    56.4      ----- 
Ö N 

This principle is used in construction of an instrument called a conimeter.  For 

crop height the height at which the instrument is kept will require to be added.  This 

instrument subtends a critical angle of 45o. 



HORIZONTAL AND VERTICAL LINE SAMPLING 

The line sampling procedure of a Norwegtan L. Stround is an interesting 

application of the angle count technique.  Instead of a sample point, a sample line of 5p 

metres length, i.e., of length 15.7 m is laid out.  Basal area counts with an instrument of 

BAF of 1 sq.m/ha are conducted on one side of the line.  The basal area in sq.m/ha for a 

sample line is arrived at by means of the following relationship: 

 BA/ha = S d1/10 

Where d1 is dbh in cm of a tree enumerated in the horizontal line sampling. 

In addition, vertical angle counts according to Hirata concept are performed on 

one side along this line.  This critical angle is tan-12, i.e., 63o26’. 

The volume in cum/ha can be estimated by the following equation: 

V/ha = F/10 S d1
2 

 Where F = Stand form factor and 

  d1 = dbh in cm of a tree enumerated in the vertical line sample 

 No work has been done in this direction in India so far. 

 

AGE OF TREES 

 

OBJECT 

The determination of the age of individual trees is a very important factor to be 

studied after the determination of volume or biomass because it indicates the time 

required to produce that volume or biomass.  Since ages of individual trees form the 

basis of determination of age of woods, its study assumes added importance because in 

the absence of knowledge of age it is neither possible to know at which rate the wood 

capital is growing, nor is it possible to compare financial results of forestry with 

comparable land uses like agriculture, horticulture, etc. 

METHODS OF DETERMINATION OF AGE 

 While the diameters and heights of individual trees can be measured easily and 

fairly accurately with the help of instruments, the determination of age of trees is not so 

simple.  Except for the trees which produce annual rings and whose age can be 

determined by counting rings if the trees are felled, the age of trees has to be estimated 

by certain ways which vary with situations, i.e., whether the tree is standing or felled.  



Therefore the methods of determination of age of standing trees and felled trees are 

described separately. 

DETERMINATION OF AGE OF SINGLE TREES WHEN STANDING 

The age of individual trees when standing can be estimated by the following 

methods: 

1) from existing records – In the case of trees raised by sowing or planting, 

the records of the year of such operation is very useful in finding the age of trees as the 

difference between the year of determining the age and the year of sowing and planting 

is the age of the tree.  In case of trees raised by natural regeneration, under systems of 

concentrated regeneration, the difference in the year of seeding felling and the year of 

estimating the age gives the age of trees.  This method, however, is not very accurate 

as the record of artificial and natural regeneration pertains to crops and not individual 

trees.  In a plantation, all trees are not of the same age as some are raised in beating 

up operations.  Similarly in natural regeneration areas, the year of seeding felling cannot 

give the age of trees correctly because regeneration comes gradually over a period of 

years which may be upto 40 years. 

2) From general appearance – The age of standing trees can also be found 

by ocular estimate taking the following into consideration: 

a) The size and relative taper of the stem – Young trees have very tapering boles 

while older trees have relatively less tapering boles. 

b) The size and shape of the crown – In certain species, the size and shape of 

the crown changes with advancing age.  If knowledge of such developments exists, the 

age of trees can be estimated by looking at the crown.  For example, chir (Pinus 

roxburghii) has a conical crown in early ages and it becomes rounded as tree grows 

older. 

c) The colour and condition of bark – The colour and condition of the bark 

changes with age.  The older trees have generally smooth and light coloured bark while 

the younger trees have rough, fairly cracked and darker coloured bark as in case of sal 

(Shorea robusta). 

This method, however, requires great practice and experience before age can be 

estimated with in reasonable limits of accuracy.  These conditions, however, change due 

to locality factors. 



3) By the number of annual shoots or whorls of branches – In species 

which have clear marks of annual shoots, age of tree can be ascertained by counting 

these shoots from top down wards and adding a proportionate number of years for that 

part in which these are not visible.  Some other species form only one whorl of branches 

every year.  Counting the whorls or stubs thereof and making an increase of 

proportionate number of years for portion in which such whorls are not visible, gives an 

approximate idea of the age of the tree.  Semal (Bombax ceiba) shows annual whorls in 

early ages. 

4) By means of Pressler’s increment borer – Age of trees with annual rings 

can also be determined by means of Pressler’s increment borer.  This instrument is used 

for extracting a narrow cylinder of wood and consists of a hollow auger A which is fitted 

to a hollow handle B which serves as a lever when the instrument is used and as a case 

or receptacle for borer, cradle and the wedge when it is not used.  It is also provided 

with a wedge C which has scale marked on it on one side to measure the breadth of 

rings and a roughly toothed edge on the other side to assist in the extraction of cylinder 

of wood and a cradle D to keep the cylinder of wood after extraction so that it does not 

break.  Besides these two, the instrument is also provided with a brass rod about 2 mm 

in diameter to dislodge the cylinder of wood which sometimes gets stuck to the wedge.  

The instrument is available in different lengths upto 40 cm and can be used with ease in 

soft wood species. 

In order to use the instrument, the hollow borer, wedge, cradle and brass rod 

are all taken out of the hollow handle and the borer is inserted in the central square 

hole of the handle from the side opposite to which there is an iron clamp.  The borer is 

held firm in the handle when it is clamped as the clamp fits in the groove of the 

projecting hollow borer.  After clamping the borer on the handle, the instrument is 

screwed in a radial direction into the tree after removing the bark at right angles to its 

axis to the desired depth.  Thus a cylindrical column of wood enters the hollows borer 

and is severed from the tree from all sides except at its base.  Then the wedge is 

inserted between the column of wood and the inner wall of borer with its toothed edge 

towards the former.  This prevents the cylinder of wood from turning round inside the 

hollow borer.  The latter is then screwed backward one or two turns to sever the base of 

the column from the tree.  The instruments is then screwed back further to take it out 



and when it is out of the tree, the cylinder is pushed out gently by brass rod into the 

cradle for counting of rings or measuring diameter for determination of increment.  It is 

advisable to seal the bore by sterilized wood to prevent subsequent damage to the tree. 

The measurement of single annual ring or ring groups with naked eye is possible 

only with fast growing species in which rings are far apart and so clearly visible.  The 

reading accuracy does not exceed 0.5 mm.  It may be improved with the use of simple 

magnifying lens to 0.1 mm.  For more precise work, cores are sent to laboratory for 

calculation by modern instruments.  Thee the core samples have to be soaked in water 

for atleast an hour to restore the original size reduced by shrinkage.  Heating the cores 

after covering them with v-shaped foil and chemicals like phloroglucine, hydro-chloric 

acid, methylene blue, etc., have been successfully used for separating out spring and 

autumn wood in certain species. 

This method is, thus, applicable only to species which show distinct annual rings.  

Borings are made 30 cm above ground in case of smaller trees and at breast height in 

case of bigger trees.  The smaller trees can be bored upto the pith for ring count for 

determining age.  As the pith is not always in the centre more than one boring is 

sometimes necessary.  The age corresponding to the height at which boring is done, has 

to be added to the ring count to get the age of the tree.  In the case of bigger trees 

which cannot be bored upto pith in the absence of power driven augers used in some 

countries, borings can be restricted to 5 to 10 rings and the diameter 5 to 10 years ago 

is obtained by deducting twice the width of 5 to 10 rings from the present diameter.  In 

that case, the age of tree may be found by any of the two methods described below. 

5) By taking three periodic measurements – The age of trees without 

annual rings can be found out by three periodic measurements.  Suppose d1 was the 

initial diameter of the tree and d2 and d3 diameters at subsequent periodic 

measurements.  Let p1 be growth per unit diameter per year during first two periodic 

measurements and p2 the growth per unit diameter per year, during the period between 

the second and third periodic measurements.  The age of tree can then be found by the 

following formula: 

             1                log p1 – log p2 
 Age = ------- where s is a constant equal to ------------------- 
                       p1s                  log d2 – log d1 
 



6) By reading age from diameter age curve prepared from periodic 

measurements of trees in an area – Diameter of trees in the area are recorded 

diameter classwise and the average diameter found out.  The same trees are measured 

at an interval of 5 or 10 years and the average diameter of each diameter class is found.  

The difference between the two averages gives the periodic diameter increment which is 

plotted against d.b.h. and a smooth curve drawn.  The increment curve is then 

transformed into diameter age curve by the following steps: 

i)  The lowest diameter on the increment curve is taken and its increment is read 

off directly from the curve.  This is added to the original diameter to obtain final 

diameter at the end of the period.  Increment against this diameter is read off 

again and added similarly.  The process is repeated for the whole range of values 

available from the curve. 

ii)  The diameter values so obtained are plotted against a succession of equi-distant 

points spaced at intervals corresponding to the number of years in the period 

and diameter growth curve drawn through the plotted points. 

iii)  The time axis of the curve is corrected to read age by shifting the zero point to 

the left by the necessary number of units corresponding to the estimated time 

required to reach lowest diameter plotted.  If the time required to reach the 

lowest point cannot be estimated or is not known, the curve may be produced 

backwards on the basis of experience of similar curves and the age corrected 

from where the curve cuts the x axis.  The age of the tree can then be read from 

this curve with reference to its diameter. 

7) Mathematical relationship – The age of tree can also be determined if an 

equation showing relationship between age and diameter or girth has been prepared for 

the species.  Mishra and others (54) have prepared equations for determining age of 

tropical deciduous trees including sal in forests of Chakia (UP) from measurements for 

girth and its increment during a period.  They have also prepared equations for 

determining age from data of biomass at the initial period as an additional information 

on the measurement of girth alone.  The method is, however, not reliable as diameter 

growth is affected by several other factors apart from age. 



DETERMINATION OF AGE OF FELLED TREES 

The age of a felled tree can be determined if the stump shows annual rings.  The 

only thing that has to be done is to count the rings on stump and add the estimated 

period the tree would have taken to grow to stump height.  This method has been 

described in detail in the next chapter under the heading stump analysis. 

This method is however, beset with following difficulties: 

i)  Incidence of false rings – There are often false rings, i.e., rings which do not 

run right round the tree.  Therefore the ring count has to be done carefully 

so as not to count false rings. 

ii)  Closed formed rings – Certain trees which are very slow grown or have been 

suppressed, have rings very close and care has to be taken not to miss any 

ring 

iii)  Absence of growth ring in certain years – In certain years when the tree is 

subjected to a heavy defoliator attack ring formation may not take place 

In spite of these difficulties, it is the best and the quickest method of 

determining age of a tree and can be used even several years after felling of the 

tree. 

 

DETERMINATION OF GROWTH OF TREES 

 

DEFINITION AND OBJECT 

Tree growth shows in elongation and thickening of roots, stems and branches.  

Linear growth takes place as the result of the direct activity of the original tissue, or 

primary meristem.  Subsequent radial growth is brought about by division and 

enlargement of secondary meristem, or cambium, which produces new wood and bark 

between the old wood and bark.  Root growth is not given enough importance in forest 

mensuration though in certain tree species like sandal, the root portion is very valuable.  

The radial growth and height growth of stem together with the resulting changes in 

stem form must be measured to determine growth in volume.  Fluctuations in growth 

occur both daily and seasonally.  The daily changes cannot generally be measure in 

trees.  The seasonal variations specially in temperate forests are of particular 

importance in forestry since they are responsible for the formation of growth rings.  The 



spring wood is lighter and more porous while summer wood is darker and denser.  Thus 

the annual growth of a tree as observed on a cross section of the stem forms a patter of 

concentric rings.  By measuring the width of these rings the annual radial growth of the 

tree may be determined.  This radial growth is not the same along the entire length of 

the stem.  The height and radial growth do not start and end at the same time.  In most 

of the tree species height growth starts and culminates earlier than the radial growth.  

Tropical species as well as broad leaved trees in temperate climates barring few 

exceptions, do not generally form annual rings though they may have pronounced 

seasons of high and low growth activity.  Acacia catechu and Tectona grandis are 

examples of broad leaved tropical species which show annual growth rings.  Several 

other broad leaved species show growth rings but these may not be annual viz., 

Boswellia serrata, Machilus duthiei.  In certain cases several rings may be produced in a 

year while in other cases one ring may be formed after several years. 

CLASSIFICATION OF INCREMENT 

The increment, whether in diameter, height or volume is classified as follows 

depending upon the period to which it relates: 

i) Current annual increment (c.a.i.) – It is the increment which a tree or a crop 

puts on in a single year.  Because of the very slow rate of growth in certain tree species, 

in practice, c.a.i. often refers to average annual rate of increase over a short period or 

the periodic annual increment. 

ii) Periodic annual increment (p.a.i.) – It is average annual increment for any 

short period. 

iii) Total increment – It is the increment that a tree or a crop puts on from origin 

upto the age at which the tree or crop is cut.  It is the sum of the c.a.i. and therefore 

represents the volume of the tree or the crop. 

iv) Mean annual increment (m.a.i.) – It is the mean volume of a tree or crop at 

the desired age, i.e., the total increment upto a given age divided by that age.  If the 

mean annual increment is calculated for a portion of the total age, it is called periodic 

mean annual increment.  If it is calculated at the rotation age, it is called the final mean 

annual increment. 



RELATION BETWEEN CAI AND MAI 

The m.a.i. whether in a tree or in a stand, is the expression of the average yearly 

response in the past to the growth factors of the site and the c.a.i. is the actual 

response in any one year.  As the m.a.i. is the average and the c.a.i. is the individual 

item from several of which the average is drawn, the two do not coincide with each 

other throughout the life of the tree or stand except twice viz., one at the end of first 

year and the second in the year of the culmination of the m.a.i. 

The c.a.i. is not uniform throughout the life of a tree or a stand.  It rises to a 

maximum and then gradually falls off.  In the case of some species, it is small to start 

with, then it rises steeply to a climax and then falls off.  In either case, falling off is not 

so step as the rise.  The m.a.i. also increases to a maximum but at a much lower rate 

because the effect of increase of a single year is distributed over all the years that the 

tree or stand has existed.  The m.a.i. continues to rise towards a maximum even after 

the c.a.i. has started falling because the amount of growth added to the tree or stand 

volume during the year, although less than before, is still greater than the average or 

the mean.  When c.a.i. finally falls to such an extent that it is equal to the average of 

the entire life of the tree or the stand, the m.a.i. reaches its highest point.  This is the 

year of the culmination of the mean annual increment.  During the following and 

subsequent years, the c.a.i. is less than the mean and so the mean also begins to drop.  

But this drop, too, is not as rapid as that of the c.a.i. because the effect of the decrease 

of c.a.i. is spread over the whole life of the tree or stand.  The m.a.i. therefore drops 

only to the extent it is being pulled down by the effect of the lesser c.a.i. for single years 

upon the fraction, total volume/age in years.  A time may come when there may be not 

growth at all and so the c.a.i. will be zero.  Unless the tree or the stand is cut, loss in 

volumes may start taking place due to rot or other damages and then the c.a.i. will 

become negative.  But the value of m.a.i. is never zero and in no circumstance, it is 

negative like the c.a.i.   In other words, until the tree or the stand is cut or destroyed, 

the m.a.i. is always positive.  The curves of c.a.i. and m.a.i. cross each other at the 

maxima of m.a.i. curve.  The age at which they cut, is the age of maximum production. 

INCREMENT PER CENT 

Increment per cent is defined as the average annual growth in diameter, basal 

area or volume over a specified period expressed as a percentage of diameter, basal 



area or volume either of the beginning or more usually halfway between the beginning 

and end of the period. 

This is an expression of increment from the business man’s point of view.  The 

statement that the tree or a crop has been growing in diameter, basal area or volume at 

a certain rate during a period omits reference to the capital on which the increase is 

taking place.  If the increase per year is expressed as a percentage of the diameter, 

basal area or volume of the tree or crop to which it relates, it indicates the rate of 

growth clearly and makes it comparable to other forms of investments, on which interest 

accrues. 

But the analogy of the interest and principal does not apply to the increment on 

wood capital wholly and correctly.  The increment per cent of a tree cannot be 

compared with the per cent of interest earned annually on a fixed capital since this 

increment is not separable from the wood capital on which it is laid and thus causes this 

capital or base volume to increase annually.  To maintain the same rate of growth or 

increment per cent on this increasing volume, the amount of annual growth must 

continue to increase at a geometric rate.  Although the increase in volume of a tree or a 

stand during the period of most rapid current growth for a time does approach a 

geometric rate when compared to a given or fixed initial volume, yet even here the 

effect of the constantly and rapidly increasing volume of accumulated wood capital upon 

the current annual rate of increase would cause this rate of increment per cent to drop 

consistently throughout the entire life of a tree or a stand. 

METHOD OF DETERMINING GROWTH OF TREES WITH ANNUAL RINGS 

 The growth of trees with annual rings can be determined by the following 

methods: 

a) Stump Analysis 

b) Stem Analysis 

c) Increment Boring 

Of these, stump analysis and increment borings give only diameter increment but 

stem analysis is used to determine diameter, height and volume increment through out 

the life of the trees analysed. 



a) Stump Analysis 

 It is the analysis of a stump cross-section by measuring annual rings order to 

estimate the age of the tree and its past rate of diameter and basal area growth. 

Advantages 

 As compared to other methods, stump analysis offers the following advantages: 

i)  Data can be collected from stumps of felled trees as long as the wood remains 

sound.  Thus it can be carried out with or without special fellings. 

ii)  Data can be collected any time with minimum of manual labour 

iii)  The data can be multiplied to any desired extent with no objection other than 

the time taken in measuring 

iv) Field work is simple and easily learnt 

v) Each stump provides data for the whole life of the tree 

b) Stem Analysis 

 Stem analysis is defined as the analysis of a complete stem by measuring annual 

rings on a number of cross sections at different heights in order to determine its past 

rates of growth. 

Advantages 

As compared to other methods for collection of data for increment of trees, stem 

analysis offers the following advantages: 

i)  The data are collected from standing trees carefully selected and so it is more 

reliable.  This is more so because the entire tree is analysed and data are not 

collected only from the lower part of the stem as in stump analysis or in 

increment boring 

ii)  It gives complete information about the growth of trees in respect of diameter, 

height and volume and so it is self contained 

iii)  As the conventional method of stem analysis is both time consuming and 

laborious.  Pluth has developed a computer programme for complete stem 

analysis.  This has, however, yet to be tested on Indian trees 

c) Increment Boring 

 Increment boring is defined as the boring of a tree stem with Pressler’s 

increment or any other borer to determine increment of trees with annual rings. 



DETERMINATION OF INCREMENT IN TREES WITHOUT ANNUAL RINGS 

The only way to determine increment in trees without annual rings is tomake 

periodic measurements.  This can be done for the individual trees for which the 

investigation is to be made or it can utilize data of linear increment plots or sample plots 

situated in comparable localities.  Though both kinds of plots give same information, 

they differ in their applicability and treatment.  While the tree increment plot is 

applicable to (i) unevenaged crops, (ii) irregularly stocked forest, (iii) mixed forest and 

even (iv) isolated trees, the sample plot is applicable to pure, evenaged, uniformly 

stocked crops.  In certain states of India tree increment plots are not exclusively in 

charge of the silviculturists while the sample plots are.  While routine marking and 

fellings prescribed by the working plan are carried out in linear increment plots as well 

along with the rest of the compartment as if they did not exist, they (i.e., routine 

markings and fellings) are not done in sample plots.  Sample plot will be described later.  

Here linear increment plot is described.  It is a linear plot 20 m to 40 m wide and of any 

desired length often 1.0 km or more, laid across the fertility gradient.  Very often it 

forms a line of trees of selected species maintained for the purpose of assessing 

diameter/age relationship for species not characterized by annual rings.  It is alsoused 

for the following purposes: 

i)  Determination of the average time required for typical trees growing under 

typical conditions to pass through each recognized diameter class.  This 

information is used for determination of rotation and yield 

ii)  Comparison of increment of trees of different age, diameter and crown classes as 

a guide for suitable treatment 

iii)  Comparison of effect of adverse or favourable influences on diameter increment 

with the object of determining whether sufficient response is obtained to justify 

expenditure involved in the operation 

iv) Collection of data for determination of crop increment in irregular forest.  In this 

respect, it differs from stem analysis in one important respect and it is that while 

stem analysis requires the felling of trees, linear increment plot does not require 

felling of the concerned tree.  Thus, it is used where continuous observations at 

regular intervals are possible 



The linear increment plot is selected so as to be representative of the whole 

range of quality, type and geographical distribution of the species to be studied.  It 

should also be typical as regards uniformity and density of stocking of the area which it 

represents.  All trees in the plot are not necessarily kept under detailed observation.  

Only some trees suitable for the purpose are selected to cover all diameter classes, 

crown classes, age classes, etc.  These trees are given cross marks and serially 

numbered.  The centre line of the plot is cleared if necessary and durable pegs or posts 

are driven in at every 20 m.  Measurements of the selected trees are taken periodically 

and compiled to draw curves which indicate increment in those trees. 

 

 
MEASUREMENT OF CROPS 

 

INTRODUCTION 

So far, the methods of measurement of diameter, height, form, volume and 

increment of individual trees were described.  Forest crops consist of trees, but methods 

of measurements of individual trees, do not necessarily apply to their measurements 

due to certain characteristics described below: 

i) Gradual diminution of number – Most of the forest crops start with a very 

large number of plants and as they grow, there is a competition between the individuals 

constituting them and the number of trees goes on reducing by death and decay of 

some individuals.  With the removal of smaller trees by death, the average of the 

diameters and heights of the remaining trees increases.  Similarly, if the old mature 

trees die there is a reduction in average diameter and height.  Thus, in a forest crop, the 

average diameter, height, etc., change not only by the increments of the individual trees 

constituting it but also by the gradual diminution of the number of trees. 

ii) Stand structure – The measurement of crop is further complicated by its 

constitution or stand structure.  All crops are neither even-aged nor pure crops of one 

species.  Some are regular, others are irregular, some are pure, others mixed.  Even in 

regular crops, the distribution and representation of age and/or size classes may vary 

from place to place.  As the growth of trees depends not only on their growth potential 

but also on the size and form of the neighbouring trees, the growth in regular and 

irregular forests is different.  Therefore, the methods of measurements of different 



dimensions of the crop may have to be varied with the type of forest in order to get a 

clear idea of its growth. 

iii) Object of measurement – In case of individual trees, the object of 

measurement of different dimensions of the tree is to find out the rate of growth of the 

individual tree.  But in case of a crop, the object is to find out the behaviour of the crop 

as a whole.  In other words, while in case of individual trees, the object of measurement 

is to find out its growth in terms of its diameter, height, volume, etc., in case of crops 

the object is to find out the number of trees, crop diameter, crop height, distribution of 

trees by various sizes, crop volume, etc. 

In view of these causes, it is necessary to study the methods of calculation of 

various dimensions of a crop. 

DETERMINATION OF DIAMETER OF CROP 

As the main object of determination of diameter of a crop is to find out its 

volume and as volume is dependent on basal area, the crop diameter is based on the 

mean basal area and not the mean of diameter alone.  The following two terms are used 

for the purpose: 

i) Crop diameter – It is diameter corresponding to the mean basal area of a 

uniform, generally pure crop. 

ii) Mean diameter – It is diameter corresponding to the mean basal area of a 

group of trees or a stand; sometimes used for the arithmetic mean of the summated 

diameters. 

Thee is slight difference between the two terms.  While the former is used for 

even-aged pure crops, the latter is used to any group of trees or any forest.  Thus, 

mean diameter is a general term while crop diameter is a specialized term applied to 

only even-aged pure crop.  Inspite of this difference in scope, both are obtained by 

finding out the mean basal area.  For this, the diameters of the trees are measured and 

they are classified by diameter classes.  The number of trees in each diameter class is 

multiplied by the basal area corresponding to the middle of that diameter class and then 

basal areas of all diameter classes are totaled and divided by the number of the trees to 

get mean basal area.  Thus, mean basal area is obtained by the following formula: 



          n1s1 + n2s2 + n3s3 + ….. 
Mean basal area = ----------------------------------- 

    n1 + n2 + n3 + ….. 
 
where n1, n2, n3 …. are the number of trees in each diameter class and 

         s1, s2, s3 … are the basal areas of mean trees of different diameters classes 

 Crop diameter is the diameter of the trees corresponding to mean basal area.  

Mean diameter could also be calculated as an arithmetic average of the diameter of 

trees, i.e., 

                                                   n1d1 + n2d2 + n3d3 + …… 
  Mean diameter D = ----------------------------------- 

               n1 + n2 + n3 + ….. 
 

where n1, n2, n3 …. are the number of trees in each diameter class and 

         d1, d2, d3 …. are the average diameters of these diameter classes 

But this average diameter would not be the crop diameter.  As volume of a tree 

is proportional to the square of its diameter mean or crop diameter has been so defined 

that it is based on mean basal area, i.e., squares of diameters and not the mean of the 

diameters.  The mean diameter obtained through the mean basal area is always bigger 

than that obtained by the direct average of diameters. 

Yet another term top diameter is often used.  It is the diameter corresponding to 

the mean basal area of the biggest trees in a uniform, generally pure crop, taking into 

consideration 250 biggest diameters per hectare.  It is used for determining top height 

of a crop, which, in turn, is used for assessing the site quality.  In this case two 

diameters of each tree are measured at breast height at right angles to each other.  

Each diameter is the considered separately. 

DETERMINATION OF HEIGHT OF CROP 

Like diameter, the height of the crop is described by the following two terms: 

i) Crop height – It is the average height of a regular crop as determined by 

Lorey’s formula given below: 

            s1h1 + s2h2 + s3h3 + ……. 
 Crop height = ---------------------------------- 

                s1 + s2 + s3 + .…… 
 
where s1, s2, s3, ….. are the total basal areas of each of the diameter classes 

          h1, h2, h3, ……… are the mean heights of trees of these diameter classes 



ii) Mean height – It is the height corresponding to the mean diameter of a 

group of trees or the crop diameter of a stand.  Thus, for determining mean height, a 

height diameter curve has to be drawn from the data collected on a sufficiently large 

number of trees classified into diameter classes.  The height and diameter of individual 

trees are plotted and a smooth curve is drawn.  Then the mean or crop diameter is 

calculated by the formula given earlier.  Against this mean diameter height is read from 

the curve and this height is known as the mean height. 

Though there are several other formulae for calculating mean height, in India 

only the above two are commonly used. 

Mean or crop height is used for determining the volume of a crop but when the 

object is to assess the quality of the locality, the height used is top height which is 

defined as the height corresponding to the mean diameter (calculated from basal area) 

of 250 biggest diameters per hectare as read from height diameter curve.  Thus while 

the crop or mean height relates to all the trees of the crop, the top height relates to only 

250 biggest diameters (or about 125 trees) of the crop. 

DETERMINATION OF AGE OF CROP 

 Depending on the variation in age of trees constituting a crop, forest crops are 

classified into even-aged and uneven-aged crops.  The term even-aged is applied to 

crops consisting of trees of approximately the same age but differences upto 25% of the 

rotation age may be allowed in case where a crop is not harvested for 100 years or 

more.  On the other hand, the term uneven-aged is applied to crops in which the 

individual stems vary widely in age, the range of difference being usually more than 20 

years and in the case of long rotation crops, more than 25% of the rotation.  In view of 

these differences different methods are used for determination of age of these two 

classes of crops. 

EVEN-AGED CROP 

The age of an even-aged crop is described by the term crop age which is defined 

as the age of a regular crop corresponding to its crop diameter.  Thus when the 

difference in ages of trees is very small as in case of plantation crop or the crops raised 

under uniform system of forest management, crop age is the age corresponding to age 

of the tree of mean diameter.  The age of such a tree can be found out either by felling 



it, if it belongs to a species which produces clear annual rings or by reading age 

corresponding to crop diameter from the age diameter curve. 

If, however, the difference in ages of trees is appreciable, they should be 

grouped into even-aged groups.  Then the total basal area of each group is found and 

also the age of the group.  Then, the following formula gives crop age 

s1a1 + s2a2 + s3a3 + …… 
 Crop age  =  --------------------------------- 

     s1 + s2 + s3 + ….. 
 
where  s1, s2, s3, ….. are the basal areas of the even-aged groups 

 a1, a2, a3 ….. are the ages of the even-aged groups 

UNEVEN-AGED CROP 

There is a difference of opinion between foresters about the definition of mean 

age of uneven-aged crops.  For instance, while the Indian Forest and Forest Products 

Terminology, Part I – Forest, defines mean age as the average age of dominant trees in 

a crop, Schlich defined mean age of an uneven-aged wood as that period which an 

even-aged wood requires to produce the same volume as the uneven-aged wood.  The 

difference of opinion is reflected in the methods of determining mean age.  A few 

formulae commonly used are given below: 

i) As already stated, m.a.i. is equal to volume divided by age.  Therefore age is 

equal to volume divided by m.a.i.  Depending on this, Smalian and Heyers defined mean 

age of an uneven-aged stand as the sum of the volumes of the groups of different age 

classes divided by the sum of the m.a.i.s. of those groups. 

 V1 + V2 + V3 + ……. 
Thus mean age = ------------------------------------      Smalian & Heyer’s formula 

      V1/a1 + V2/a2 + V3/a3 + ……. 
 
Where V1, V2, V3, ….. are the total volumes of even-aged groups 

 a1, a2, a3 ….. are the average ages of the groups 

As the ages of standing trees are difficult to ascertain, age classes may be 

substituted by diameter classes.  Theoretically, this formula gives most accurate results 

as it correctly correlates volume with age.  But this method is very cumbersome as it 

requires previous calculation of volume of the various groups of different age classes. 



ii) As volume depends, to a large extent on basal area, the aged may be 

correlated with it and thus the mean age can be determined by the following formula: 

s1a1 + s2a2 + s3a3 + ….. 
 Mean age =  -------------------------------- 

    S 
 
Where, s1, s2, s3, …… are the total basal areas of even-aged groups 

 a1, a2, a3, ….. are the average ages of these groups 

 S is the total basal area of the whole forest 

This formula is simple and easy to the apply and it works well if form heights of 

the diameter classes are equal. 

DETERMINATION OF VOLUME OF CROPS 

Determination of volume of crops by direct measurement extending over the 

whole area is neither practicable nor economic.  Therefore the volume of crops over 

small areas is either estimated with the help of volume tables or with the help of studies 

made in small plots representing the crop.  When volume table is to be used, the crop in 

the small area is enumerated and classified by diameter classes.  If the local volume 

table is available, then the number of trees in each diameter class is multiplied by the 

volume corresponding to the diameter class given in the table and the sum of the 

volumes of all diameter classes is the volume of the crop in that area.  If local volume 

table is not available, then the diameters and the heights of a few trees are measured to 

prepare local volume tables from general volume tables.  As measurement of large areas 

is time consuming and expensive, study of growth of crops is carried out by laying small 

plots.  Such plots are called the sample plots. 

 
SAMPLE PLOT AND METHODS OF VOLUME MEASUREMENT 

 
DEFINITION 

Sample plot is a plot chosen as a representative of a larger area.  In forestry, 

sample plots are used mainly to study growth of stands and to study effects of certain 

treatments.  Depending on the object, they may either be temporary or permanent.  

While temporary sample plots are laid for measurements that are carried out once only, 

permanent sample plots are laid out for measurements to be repeated at intervals over 

a period of time. 



OBJECT 

Temporary sample plots are generally used in enumeration surveys and will be 

discussed later.  Permanent sample pots are designed for preparation of yield tables and 

are designed for preparation of yield tables and are measured for determination of crop 

volume and crop increment at all stages of development of even-aged crops, 

comparison of growth of different qualities of locality, measuring the effects of certain 

treatments such as grades and intensity of thinning, application of fertilizers, etc. 

SELECTION OF PLOTS 

Plots are generally laid out in even-aged, pure and fully stocked crops and are 

well distributed over the whole range of quality, type and geographical distribution of 

the species.  In the absence of fully stocked plots, plots may be laid in crop with uniform 

stocking without large gaps and patchy growth.  Trees at the edge of a crop or with 

crowns spreading in a gap are avoided. 

 

NUMBER OF PLOTS 

The number of plots depends upon the species, number of age classes, quality 

classes and variations in treatment.  For each decade of age, each quality class, each 

variation of thinning regime, there should be a minimum of two plots so that after two 

or three measurements complete overlapping may result.  About 600 plots for each 

thinning regime for one species are considered enough for preparation of yield tables. 

 

SHAPE OF PLOTS 

The shape of the plots may be circular, rectangular or square.  Circular plots are 

easier to lay.  Out of all geometrical figures a circle encloses the largest area for the 

same perimeter and theoretically it has the least number of boundary line trees.  In 

practice, however it is easier to lay straight lines avoiding boundary line trees rather 

than a circle in a standing forest.  In India, therefore, mostly rectangular plots are laid.  

The actual length of sides and diagonals and their slope are measured and recorded on 

a diagrammatic sketch map for purposes of calculation of area. 

 

SIZE OF PLOTS 

The plot size should be such that it should not be so small as to be affected by 

treatments outside the plot; at the same time it should not be so large that the crop is 

not uniform all over.  A plot size of 0.1 to 0.2 hectare is considered sufficient. 



LAYOUT OF PLOTS 

The layout of the plot includes laying out a surround, demarcation of plot 

boundary, marking cross marks and numbering of trees in the plot and preparing a plot 

chart showing layout of plot and trees in it. 

THE SURROUND 

The surround is defined as an area maintained round an experimental or sample 

plot to ensure that the latter is not being affected by the treatment applied to the area 

outside the plot.  It is also known as isolation or buffer strip.  This strip should be of 

sufficient area to provide atleast some of the necessary sample trees not likely to be 

available from the plot itself.  The surround need not be of even width but on the 

average, it should be equal to the height the crop is expected to reach by the end of the 

study and to be at least 15 m wide.  Besides providing sample trees needed, surround 

ensures uniformity of treatment and in any case safeguards the plot from damage of 

fellings in the surrounding forest.  All trees in the surround are generally marked by 

white paint rings. 

DEMARCATION AND NUMBERING 

The whole area including the surround is first demarcated roughly by painting 

white rings at breast height on a few outermost trees.  Then the boundary lines of the 

plot are selected so that as far as possible projections of the crowns of the border line 

trees fall within the plot.  When the plot boundaries are finally decided, they are 

demarcated on ground by (i) fixing durable wooden posts or stone cairns serially 

numbered at the corners and (ii) by digging trenches 30 cm wide and 30 cm deep either 

all round the plot or on both sides of the corners 1 m long, 30 cm wide and 45 cm deep.  

Where erosion is feared, wooden posts are fixed along the boundary at every 5 or 6 m.  

The demarcation of the surround is completed by painting white rings at breast height 

on as many trees as necessary to show what trees are include. 

The number of the plot with year of formation is indicated on a board or enamel 

plate fixed at any convenient and conspicuous position near or in the plot.  The 

permanent sample plots bear a serial number in each division and this number is never 

changed or allotted to some new plot even after the abandonment of the old plot. 

 



INITIAL TREATMENT OF THE CROP 

After laying out the sample plot, the crop is given the desired treatment before 

taking first measurement.  In India, sample plots are generally thinned to C or D grade 

ordinary thinning.  If the plot is overstocked, it is thinned in such a way as to bring it to 

the normal stocking corresponding to C grade.  Appropriate check such as N/D check 

are applied to determine the number of trees to be retained per ha.  Understorey is 

retained unless it is necessary to remove or reduce it.  The work done is correctly 

recorded in the files. 

Cross marks and numbering – All green trees included within the limits of the 

plot and the measurements of which are to be recorded, are painted with a cross mark 

at breast height.  The cross marks are placed on the uphill side on sloping ground and 

all facing the same way in plots on level ground.  All cross marked trees above 10 cm in 

diameter are serially numbered with white paint, the number being put 15 cm above the 

cross mark.  In hilly areas, numbering is started from above and proceeded stripwise 

along contour.  On level ground it runs in strips parallel to one of the sides of the plot.  

Cross marking and numbering is done after removing dead bark with a sharp instrument 

to give a smooth surface for painting, taking care not to injure any living tissue.  All 

unnumbered trees are enumerated. 

Measurement of standing crop – Breast height diameter of each tree painted 

with cross mark is measured with calipers and recorded in the field.  The unnumbered 

trees are enumerated in 2 cm diameter classes and recorded in the same form.  Crown 

classes are recorded for every tree for which diameter is separately recorded.  

Diameters of trees to be thinned at the first measurement are recorded separately. 

SELECTION OF SAMPLE TREES 

Before selecting sample trees for the main crop, heights of an adequate number, 

not less than 12, of typical trees standing inside the plot and distributed over the 

complete height and diameter ranges are accurately measured and recorded.  From this 

data, a smooth height diameter curve is drawn in the field.  The sample trees are then 

selected to cover full range of diameters.  They are first selected from among the trees 

marked for thinning.  If they are not available from them, they should be marked in the 

surround.  If the requirement of sample trees is still not met, then standing trees are 

measured. 



MEASUREMENT OF THINNINGS 

If less than 12 trees are removed in thinnings, all will be measured for standard 

measurement but if the number is more than 12, only 8 or more may be selected as 

typical of thinning and measured. 

FIELD RECORDS 

The following records are maintained: 

i) Situation map – A map on 1:25000 R.F. is prepared showing the situation of 

the plot with reference to the nearest road, path or any other prominent place.  The 

main topographical features and compartment boundaries are also indicated.  The 

diagram recording the dimensions of the plot is inset on this map or on the plot chart.  A 

photograph of a typical portion of the plot is also taken, the camera position and 

direction of view being permanently marked on ground. 

ii) Plot chart – A detailed map showing the position of trees is prepared on 

1:250 R.F. scale. 

iii) Description of the plot – The sample plot is described in such a way as to 

give full information about area, situation, climate, type of forest, age, condition of 

overwood, weed growth, incidence of grazing and fire, etc. 

iv) Diameter measurement of crop – For every tree, height of the cross 

mark and two diameters are recorded.  Main crop and subsidiary crop are recorded on 

separate forms. 

v) Measurement of sample trees – Height is recorded in metres correct to 

first place of decimal and two diameters at right angle are measured at breast height, at 

mid-height and at half the height above 1.37 m.  Height of green branches all round and 

height of stump are also recorded. 

vi) Classification of diameters – Trees are classified in 2 cm diameter 

classes. 

Volume measurement in sample plot – Measurement of volume of all trees 

in sample plot is not always possible.  While all trees are measured for diameter or girth, 

a number of sample trees are selected for height and volume measurement.  On the 

basis of measurement of sample trees, volume of the sample plot is computed.  

Different methods have been developed in different countries by various workers.  



These methods, some of which are now only of academic interest, are briefly described 

below: 

Arithmetic mean sample tree method – This method consists in determining 

the volume of a mean basal area tree which when multiplied by the number of trees (N) 

of the sample plot by the following formula: 

  V = N x v 

Where v is the volume of the mean basal area tree. 

The method is simple and easy to apply because a single tree is measured.  But 

this method presupposes that the arithmetic mean basal area tree has also the mean 

volume of the stand.  This assumption is, however, hardly true because the trees of the 

same basal area may have different form heights and consequently different volumes.  

It is also possible that a tree of mean basal are may not exist in the plot at all. 

ABSTRACT SAMPLE TREE METHODS 

The methods described so far require the selection of concrete sample trees 

assuming that the mean basal area tree is also the mean volume tree.  As this is seldom 

true, it was proposed to take sample trees from small groups to be formed in the crop.  

This increased the number of sample trees and it was hoped that the abnormalities of 

one sample tree may get neutralized by those of the other.  Since the choice of sample 

trees involves personal bias, accuracy in the results of any of the sample tree methods 

will be accidental.  In order to overcome this difficulty, the following methods using 

abstract sample tree have been proposed. 

The volume table method – If the volume corresponding to the mean 

diameter of a group of trees is read from volume table, the selection of concrete sample 

tree is entirely dispensed with.  A volume table is based on the measurement of volumes 

of very large number of trees of different diameters and heights and therefore the 

volume given by it for any diameter represents a good average.  The volume table to be 

used should be the local volume table applicable to that locality in which the sample plot 

is situated.  Otherwise, a diameter/height curve may be drawn on the basis of 

measurements of a number of trees by plotting heights against diameters and then from 

this curve finding out height corresponding to the mean diameter of a group.  This 

method can be used in conjunction with any of the group methods described earlier but 

it will be best to use one inch diameter class method as it will give the largest number of 



sample trees.  The use of the volume table eliminates personal bias involved in the 

selection of concrete sample trees.  It results in saving a lot of time and money required 

in the choice, felling and measuring of concrete sample trees. 

Volume curve method – The greatest difficulty of the volume table method is 

the determination with absolute certainty if the volume table available is applicable to 

the locality of the plot of which volume is to be determined.  In order to overcome this 

difficulty, Speidel suggested the construction of a volume curve on the basis of a large 

number of trees felled for any purpose taking care not to include suppressed trees.  

From the data of these trees, volume is plotted against diameter and a smooth curve 

drawn.  From this curve the volume corresponding to the mean diameter of the group is 

read and the volume of the plot calculated by the method as applicable to the particular 

method of grouping. 

This method is subject to errors because it is based on the presumption that the 

volume of a tree is proportional only to its breast height diameter.  The failure to 

recognize influence of height and form on the volume of a tree results in serious errors.  

Besides, it is difficult to draw a truly mean curve between a large number of points. 

Form factor method or Prussian institute method – In view of the 

drawbacks of the volume curve method, Schwappach suggested that instead of drawing 

a volume curve, diameter/height and diameter/form factor curves should be drawn.  The 

diameter of the mean tree of each group is then calculated and height and form factors 

corresponding to it read off from the curves.  Then the volume of the abstract mean 

tree is calculated by the formula 

V = s x h x f 

Where  s is the basal area of the mean tree 

 h is the height of the mean tree read from curve 

 f is the form factor read from curve 

The volume of the group is calculated by multiplying the volume of the mean 

tree by the number of trees in the group.  The group volumes are added to give volume 

of the sample plot or stand.  The groups in this method are made precisely on the same 

principles as that of Block’s method with the difference that the first four groups are 

formed with 100 trees each per hectare, the next three with 200 trees each per hectare 

while the rest of the groups contain 400 trees each per hectare.  Schwapach prescribed 



that at least five sample trees should be taken in young stands while in old stands at 

least ten samples trees should be felled.  The sample trees need not represent the mean 

basal area of different groups but may be chosen at random from all parts of the stand. 

RELATIVE USEFULNESS OF THESE METHODS 

Chaturvedi (26) while comparing the accuracy and usefulness of these methods, 

said, owing to the physical limitations involved in volume determination of a wood it is 

impossible to obtain absolute degree of accuracy.  We have to content ourselves with 

that method in which the highest degree of relative accuracy obtains.  The choice of the 

method for determination of volume of a stand will, therefore, obviously depend upon 

the required degree of accuracy.  He, however, recommended volume table method for 

the calculation of volume of those sample plots which are laid for the compilation of 

yield tables.  In India, Block’s method as modified by Howard is mostly used in the 

Forest Research Institute, Dehradun. 

RECENT ADVANCES 

The senior author has devised a method for quick computation of volume of 

sample plots through a computer program written in FORTRAN.  The method consists 

briefly of the following steps: 

i) Linear regressions of the following form are fitted on the data of sample trees 

by the method of least squares: 

1) VOB = a + bD2H 

2) VUB = a + bD2H 

3) Loge H = a + b loge D 

Where D is dbh in metres 

 H is height in metres 

 VOB and VUB are over bark and under bark volumes of trees in m3 

 a and b are regression constant and coefficient respectively 

ii) For each diameter height is calculated from equation (3) and volumes from 

equations (1) and (2).  These volumes are added separately to give total over bark and 

under bark volume of the plot. 



iii) Diameters are arranged in descending order.  Basal areas are calculated 

corresponding to 250 biggest diameters per hectare as well as for all the diameters.  

Top height and crop height are calculated on the basis of regression (3). 

iv) Crop parameters are converted into per ha figures. 

This program has been used for computation of volumes of large number of 

Eucalyptus hybrid sample plots in FRI, Dehradun. 

 

ESTIMATION OF GROWTH AND YIELD OF STANDS 

 

INTRODUCTION 

The volume of the crop at present depends upon the volume of trees growing in 

it.  As it is not possible to calculate the volume of each and every tree in a stand, 

different methods of calculate the volume of each and every tree in a stand, different 

methods of calculating volumes of sample plots carefully laid out throughout the 

geographical distribution of species.  As the estimate of the forest population was 

obtained by sampling, it was necessary to have some knowledge of statistics.  These 

methods are sufficient for estimation of present growing stock but are not enough for 

forecasting future yields.  For this purpose we require tables which may give yield of 

stand on unit area basis for the greater part of its useful life.  Yield of a forest depends 

on several factors such as its structure, growth, density, the productive capacity of the 

site, etc.  It is, therefore, necessary to have some knowledge of these aspects of forest 

crops. 

STAND STRUCTURE 

Stand structure defines the distribution and representation of age and / or size 

classes of trees in a stand.  It keeps on changing with passage of time or age and at 

particular period in its life, it is the result of growth habits of the species constituting 

stand, the factors of locality and above all, the management practices under which it has 

originated and developed.  The stand structure of the properly managed forests can be 

broadly classified into two groups, viz., even-aged and uneven-aged. 

The even-aged stand is a stand consisting of trees of approximately the same 

age.  The period required to regenerate a stand under different methods of regeneration 

varies from 1 or 2 years to about 20 to 30 years, depending on the system of 



management and the species concerned; differences in age upto 25% of the rotation 

age are allowed in cases where the stand is not harvested for 100 years or more.  

Though the trees are nearly of the same age-class, competition for light and moisture 

results in crown differentiation with the vigorous trees occupying dominant positions, 

the less vigorous the dominated position and those left behind in the struggle occupying 

suppressed position.  This results in wide range of diameters found in a stand at a 

particular age. 

The pattern of diameter variation naturally varies with age and is not the same 

at the rotation age as it is in the early part of its life.  Studies made by various workers 

indicate that the diameter distribution in an even-aged stand follows definite laws and 

the relationship between number of trees and diameter can be described by computed 

data.  These studies have also shown that from the point of view by statistical analysis 

of estimated parameters of even-aged stand are more closely related to average 

diameter of the stand than to its age or a measure of the site quality though both these 

have a profound effect on the diameter distribution. 

The uneven-aged stand is a stand in which individual stems vary widely in age, 

the range of difference being usually more than 20 years and in case of long rotation 

crops, more than 25% of the rotation.  When nearly all age gradations or age classes 

are present in a particular area it is called a selection forest.  Proper studies in structure 

of uneven-aged forests in India are wanting but it is clear that such forests do not follow 

the same pattern as that of even-aged forests.  The proportion of trees of different 

diameter classes vary unsystematically from place to place.  Generally, there is a 

preponderance of trees of higher diameter classes at the cost of trees of lower diameter 

classes.  The shortage in the lower diameter class as a result of lack of regeneration and 

establishment, gradually makes the structure more and more unbalanced.  A French 

Forester De Liocourt during a study of diameter distribution in selection forests found 

that stem numbers in successive diameter classes had a fixed ratio within a stand as 

shown below: 

N1/N2 = N2/N3 = N3/N4 = q 

Where N1, N2, N3, ….. are numbers of stems in the successive diameter classes 1 

to 4. 



The ratio is called the De Liocourt-quotient.  In other words, the number of trees 

in successive diameter classes are in a geometric series.  If the number of trees are 

plotted against diameter classes, the resultant curve is of a laterally inverted J shape. 

Meyer (1953) termed stands where the number of stems by diameter classes 

decrease in constant geometric progression as a balanced forest.  Balance can apply to 

an uneven-aged forest as well as to the management unit of an even-aged forest where 

age classes are partially separated, i.e., they occupy separate areas.  Balance exists if 

the decrease in the number of stems follows a geometric progression.  In such a forest 

it is at least theoretically conceivable to remove the current growth annually or 

periodically while maintaining at the same time the structure and initial volume at least 

as long as no major catastrophy befalls the forest. 

GROWTH OF STAND 

As already stated, stand structure changes from year to year.  These changes 

take place as a result of growth, death and cutting of trees.  The growth of stand makes 

them the biggest renewable natural energy resource and therefore numerous studies 

have been made to predict it, treating the stand as a unit as well as a population of 

trees.  Treating the stand as a unit, growth function models have been suggested by 

many workers. 

METHODS OF DETERMINING PAST GROWTH OF STAND 

The usual method of determining past growth of stands is by repeated 

measurement of sample plots, as measurement of the whole stands is not a practical 

proposition.  Even this could be done either by laying out temporary sample plots each 

time an estimate of growth is to be made or by laying permanent sample plots.  The 

methods of laying out a temporary sample plot each time growth is to be determined 

results in measuring different sampling units each time and therefore the precision will 

be poorer and the accuracy generally lesser.  The method of repeated measurement in 

permanent sample plots is better and even where such sample plot is not representative 

of the stand, the precision will be high, though the growth estimate may be biased.  The 

following two methods are commonly used for the purpose. 

i)  The method of control 

ii)  Continuous forest inventory method 



THE METHOD OF CONTROL 

This method was originally devised by Gurnaud in France and later adopted in 

various European countries.  As devised, the method requires a complete enumeration 

of the total stand.  But this is possible only when the stand is small.  Therefore in larger 

forests, representative sample plots are used.  Thus, at the initial inventory, the entire 

area, whether of stand or sample plot, is enumerated and trees are classified by 

diameter classes.  Then the record of all trees removed till the next inventory is kept by 

diameter classes as well as the volume of trees removed.  At the next inventory, the 

entire area is again enumerated.  The volume of trees in different diameter classes is 

calculated by the use of a local volume table and added up to obtain the volume at each 

inventory.  Then the growth of stand in the period intervening between the two 

inventories is calculated by the following formula: 

  I = V2 + Vc – V1 

Where I is the periodic growth of stand 

 V2 is volume of the sample plot or stand at the second inventory 

Vc is the volume of trees removed during the period intervening between 

the first and second inventory 

 V1 is the volume of the sample plot or stand at the first inventory 

Local volume table used at the initial inventory is not changed at subsequent 

inventories.  However, if the changes in diameter/height or form relationship in the crop 

over the years make it necessary to modify the volume table to reflect these changes, 

following correction factor may be applied: 

            Actual volume of felled trees 
 C.F. =  -------------------------------------------------------------------- 

  Volume of felled trees according to local volume table 
 

The diameter increment by diameter classes under the method of control is 

calculated by an elaborate computation method which takes into account the number of 

trees rising into a diameter class, trees remaining stationery in the class, and the trees 

going out of the class in successive inventories.  Increment in each diameter class is 

calculated by the formula: 

  DR 
  I  =  --------- x C 

DE 
 



     SDR 

 and average periodic increment for all trees  = -------- x C 
     SDE 

 
where DR stands for double rising which means the sum of trees rising out and rising 

into a class 

DE stands for double effective which means the sum of trees in the first and 

second inventories after correction for trees removed 

 C is width of diameter class 

 S is signs, i.e., sum of all classes 

For a specific diameter class, number of trees rising into the class is calculated as 

follows: 

Tree rising =  No. of trees of 2nd inventory – No. of trees of 1st inventory + No.  

    of trees rising out of the class 

CONTINUOUS FOREST INVENTORY METHOD 

Continuous forest inventory (abb. CFI) method is an American modification of 

the European method of control to serve two specific needs: 

i)  Use of sample plots and 

ii)  Use of modern computing machines 

Thus, the continuous forest inventory differs from the method of control 

essentially in having systematically distributed representative sample plots, periodically 

surveyed instead of having total area enumeration by diameter classes.  While the plot 

should be representative of the whole forest, they should also be representative of 

cutting, mortality and growth, etc., of the entire forest.  In other words, these plots 

should undergo the same silvicultural operations as the rest of the forest.  In this 

respect, the linear increment plots laid in certain forests in India, are an example of CFI.  

Generally sampling intensities range from 0.03 to 0.1 per cent using circular plot of 

about 0.50 ha to 0.08 ha.  The centre of the plot is marked on the ground by an 

aluminium or wooden stake.  The trees that are measured are numbered with paint or 

metal tags and place of diameter measurement is marked on them by paint cross mark.  

Diameter, height and volume of each tree so marked is measured at each inventory 

carefully and recorded in field on field-tally sheets and then transferred to punch cards.  

The measurements and re-measurement at each subsequent inventory are carefully 



checked by a checking crew to ensure error free card and nowadays machine checks are 

also used in addition to field checks.  From the study of growth in the sample plots, 

growth of the stand between the two inventories is estimated.  CFI method can give 

more reliable growth information with respect to mixed forests.  They provide basic data 

for simulation studies also. 

METHOD OF PREDICTING FUTURE GROWTH OF STANDS 

 The future growth of stands can be predicted with the help of yield tables 

prepared from the studies of growth in sample plots, systematically distributed over the 

entire forest.  Growth of a stand is a function of stand density and site quality.  

Therefore, before describing yield table, method of its preparation and its uses, it is 

necessary to have knowledge of stand density and site qualities and their effect on 

growth prediction. 

STAND DENSITY 

Stand density is a measure of the relative completeness of the tree stocking 

expressed as a decimal coefficient, taking normal number of trees, basal area or volume 

as unity.  In India it is considered synonymous with terms crop density, density of 

stocking and stocking, though in America distinction is often made between stand 

density and stocking.  According to Gingrich (29), stand is a quantitative measurement 

of a stand in terms of square feet of basal area, number of trees or volume per acre.  It 

reflects the crowding of stems within the area.  Stocking, on the other hand, is a relative 

term used to describe the adequacy of a given stand density in meeting the 

management objective.  Thus, a stand with a density of 70 square feet of basal area per 

acre may be classified as over stocked or under stocked are used to describe stand or 

crop density if it exceeds, equals or is less than 1.0. 

CANOPY DENSITY 

Canopy density is a measure of relative completeness of canopy and is expressed 

as a decimal coefficient taking closed canopy as unity.  Thus, canopy density describes 

only the relative completeness of the canopy and has no bearing with the crop volume, 

basal area or even number of trees or consequently with stand density.  Yet for forests 

for which yield tables do not exist, it gives an indication, however rough, of the density. 



The following classification of canopy density is in vogue: 

i)  Closed – when the density is 1.0 

ii)  Dense – when the density is between 0.75 and 1.0 

iii)  Thin – when the density is between 0.5 and 0.75 

iv) Open – when the density is under 0.5 

In pure even-aged crops canopy is rarely completely closed.  In square spacing 

the canopy closure is theoretically 0.7854 while it is 0.9068 in triangular spacing. 

SQUARE SPACING 

 Area of square ABCD = (2r) (2r) = 4r2 

 Area of crowns within     ABCD = 4 (pr2/4) = pr2 

   Crown area          p 

 -----------------  =  ----- = 0.7854 
 Ground area          4 

 

EQUILATERAL TRIANGULAR FACTOR 

     2r x 2r sin 60 
  Area of triangle ABC  =  ------------------- 

   2 
 
    = 2r2 x Ö3/2  =  r2 Ö3 

 
 Area of crown within triangle ABC 
 

      pr2  pr2 

  =  ----- x 3 = ----- 
      6             2 

 
Crown area          pr2 

        ------------------ =  ------ ¸ r2 Ö3 

           Ground area         2 
 

        p            3.14159 

 =  --------  =  -------------  =  0.9068 
      2 Ö3  3.46410 

  

CROWN COMPETITION FACTOR 

 Crown competition factor (abb. CCF) is another measure of density and is 

claimed to be independent of site quality and stand age.  For determining CCF, 

relationship between crown width and dbh is obtained for a sample of open grown trees.  



For example, Chaturvedi (13) found the following relationship between crown width and 

diameter in case of Shorea robusta. 

CW =  - 0.6117 + 20.812 D 

 Where CW is crown width 

  D is dbh, both in m 

 Maximum crown area expressed as a percentage of one hectare is called 

maximum crown area (MCA) since it indicates the maximum proportion of one hectare 

that the crown of trees of a given dbh can occupy.  Thus, 

   p (CW)2         100 

  MCA  =  -----------  x  ---------- 
        4            10000 

 
           =  0.007854 (CW)2 

 Substituting the value of CW in the regression for Shorea robusta given above 

  MCA  =  0.007854 (- 0.6117 + 20.812 D)2 

           =  0.002938 – 0.2000 D + 3.4019 D2 

 By adding MCAs for all trees on the average hectare of forest land, an expression 

of stand density called CCF is obtained.  Thus, for the above example, 

  CCF = 1/A 0.002938 SNi – 0.2000 SDiNi +3.4019 SDi
2Ni 

 Where Ni = Number of trees in the ith dbh class 

  Di = Mid-point of the ith dbh class 

  A = Stand area in hectares 

  S  = Sum 

 CCF estimates the area available to the average tree in the stand in relation to 

the maximum area it could use, if it were open grown. 

SITE QUALITY 

Site is the complex of physical and biological factors of an area that determine 

what forest or other vegetation it may carry.  Site quality is a measure of the relative 

productive capacity of a site for a particular species.  Every site gives a different growth 

response to different species.  A knowledge of this inter-relationship can help a forester 

in utilizing this growth potential of a site to its optimum level.  Site quality can be 

evaluated by measurement of either site factors or vegetative characteristics. 



Site factors – Site factors are the effective climatic, edaphic and biotic factors 

which influence the growth and development of forest or other vegetation in a locality.  

While it is obviously difficult to quantify the effect of all these factors together, the 

measurement of productivity based on one or a few of these factors makes the estimate 

too general and so not very reliable.  For instance, Paterson proposed the following 

formula: 

    Tv     P x G         E 
 CVP Index (I) = ----- x --------- x -------- 

    Ta       12         100 
 

Where CVP index is climate, vegetation and productivity index 

 Tv and Ta are maximum and minimum temperatures 

 P is precipitation in mm 

 G is the growing period in months 

 E is a measure of evapo-transpiration 

This index is too broad-based as it does not take into account the characteristics 

of soil and other environmental factors.  An ideal index must take into account not only 

all the climatic factors but also the topographic, edaphic and biotic factors, if any.  But, 

as already stated, it is extremely difficult to quantify variables relating to the various 

sub-factors of these major factors to enable development of a regression or any other 

equation to describe the site quality and this has been a major obstacle in these factors 

forming the basis of any useful site quality index. 

Vegetative characteristics – In view of the difficulties described above in 

using site factors to form the basis of any efficient site quality index, the only alternative 

is to look for some characteristic of the vegetation, which may be suitably used as a 

basis to describe and differentiate site qualities.  The characteristics of the vegetation 

which could serve this purpose could either be the types of plants occurring naturally in 

the area or the volume, basal area, diameter or heights of trees which form the 

dominant part of the vegetation in the area. 

Plant indicators – One possible way to evaluate site quality is to use the 

composition of the vegetation and search for some characteristic plants which may be 

correlated with site qualities.  This approach is based on the theory that certain species 

of lower vegetation, i.e., herbs and shrubs are clear indicators of the suitability or 

otherwise of the site for a particular tree species or forest type.  As such they can be 



used to describe and differentiate site qualities.  This method has been used for site 

quality classification in certain undisturbed forests of Finland and Canada.  Though this 

way suggest a meaningful correlation between plant indicators and site quality, yet the 

method cannot be adopted universally because of the following reasons: 

i)  It can be applied only to forests of simple composition as exist in northern 

latitudes 

ii)  It requires considerable ecological knowledge 

iii)  The lower vegetation which may provide plant indicators is easily affected by 

forest composition, density and above all the biotic factors and 

iv) Finally, the lower vegetation remains in the top few centimeters of the soil and 

so cannot indicate the conditions of the deeper layers of soil which also affect 

the tree growth considerably 

Tree characteristics – The most important characteristics of the tree which 

reflect the productivity of the site are its volume, basal area, diameter and height.  As 

the primary object of site quality differentiation is to assess its productivity, the quantity 

of wood produced per unit area should therefore be the ideal measure of site quality but 

as this method requires prior calculation of volume, it is difficult to apply in practise. 

The site classes are delimited by one of the following methods: 

i)  Strip height method based on Baur’s method 

ii)  British forestry commission (BFC) method 

iii)  FRI method 

FRACTIONAL QUALITY 

Fractional quality is defined as the site quality expressed as a decimal subdivision 

of the height range of half a quality class, the figures running 0.0 to 2.0 within the 

whole quality class. 

Importance of knowledge of site quality or fractional site quality – A 

knowledge of the quality of the site is a pre-requisite for the prediction of growth and 

yield of a stand with the help of yield tables because they give the information by quality 

classes.  Therefore it is not only necessary for the prediction of growth and yields of 

stand at any future time but also to determine the quality class or fractional quality class 

of a stand from the yield tables before using them.   



YIELD TABLE 

 

DEFINITION 

Yield table is a tabular statement which summarizes on per unit area basis all the 

essential data relating to the development of a fully stocked and regularly thinned even-

aged crop at periodic intervals covering the greater part of its useful life.  It differs from 

the volume table in the sense that while the volume table gives the volume of an 

average tree by diameter and/or height classes, yield table gives different parameters of 

a crop such as number of trees, crop height, crop diameter, crop basal area, volume of 

standing crop, volume removed in thinnings, m.a.i., c.a.i., etc.  In short, it gives all the 

quantitative information regarding development of a crop. 

As stated in the above definition, yield tables is not applicable to uneven-aged 

forest because in its present form it has been compiled from even-aged pure crops and 

is therefore applicable to them alone.  Yield tables have not been prepared so far for 

uneven-aged crops because of the difficulties involved and the main difficulty is that 

there is no one representative average age.  Some tables have been prepared for such 

crops but they show the ratio of increment (current or mean annual) to help in deciding 

the policy of management. 

CONTENTS OF YIELD TABLE 

 Though the contents of yield table can vary depending upon the circumstances 

of data collection or the objects with which it has been prepared, most of the yield 

tables in India give the following information by site qualities per unit area basis at 

interval of 5 or 10 years for the greater part of the useful life of the crop: 

MAIN CROP 

i)  Average diameter 

ii)  Average height 

iii)  Total basal area 

iv) Number of trees 

v) Stem timber form factor 

vi) Total (stem and branch) small wood form factor 

vii)  Standing volume stem timber 



viii)  Standing volume total small wood 

ix) Total standing volume, i.e., stem and small wood 

THINNING 

x) Volume stem timber 

xi) Volume total small wood 

xii)  Total volume 

FINAL YIELD 

xiii)  Volume stem timber 

xiv) Volume total small wood 

xv) Total volume 

ACCUMULATED YIELD OF THINNING 

xvi) Volume stem timber 

xvii)  Volume total small wood 

xviii)  Total volume 

TOTAL YIELD 

xix) Volume stem timber 

xx) Volume total small wood 

xxi) Total volume 

MEAN ANNUAL INCREMENT 

xxii)  Volume stem timber 

xxiii)  Total volume 

CURRENT ANNUAL INCREMENT 

xxiv) Volume stem timber 

xxv) Total volume 

The above contents of the yield table can be divided into two classes: 

Primary data comprises of volume of main crop (i.e., the crop left after 

thinning at that age), thinning at that age, final yield (i.e., the main crop and thinning at 

that age), accumulated yield of thinnings upto that age (i.e., thinning at that age and 

the accumulated yield of thinning upto the previous age), total yield (i.e., final yield at 



that age and accumulated yield of thinning upto the previous age or main crop and 

accumulated yield of thinning upto that age). 

Secondary data includes crop averages for diameter and height, number of 

stems for unit area, crop basal area, form factor, m.a.i. and c.a.i. 

In addition to the above information, yield tables give the following additional 

information: 

i)  Top height by site quality and age 

ii)  Spacement table  (a) by age and site qualities 

(b) by crop diameter and site qualities 

iii)  Number of trees per unit area by crop diameter and site qualities 

iv) Normal growing stock of stem timber volume for 40 hectares (100 acres) 

under different rotations, in case more than one rotation is in vogue 

v) Stand table – It is table showing the distribution of stems by diameter 

classes for each of a series of crop diameters.  It is a common practice in 

India to give stand table along with yield table.  

KINDS OF YIELD TABLE 

Yield table are further classified on the basis of the grades of thinning and 

whether the outturn is expressed in volume or value: 

a) On the basis of the number of grades of thinning used – On this basis, yield 

tables are classified into: 

i)  Single yield table – It is an yield table in which parameters have been 

given only for one grade of thinning which is usually c grade 

ii)  Multiple yield table – These are yield tables in which data are given for 

different grades of thinning 

Thus these tables area series of single yield tables.  In India multiple yield tables 

have been prepared for Cedrus deodara only. 

b) On the basis of volume/value given – On this basis, yield tables are classified 

into: 

i)  Volume yield table – It is an yield table which expresses outturn in terms 

of volumes 

ii)  Money yield table – It is an yield table constructed from volume yield 

table in which outturn is expressed in terms of money instead of volume 



PREPARATION OF YIELD TABLE 

The yield tables are prepared in a series of steps as described below: 

1) After constructing top height/top age curve by site qualities by any of the 

methods described under site quality, all plots are assigned to quality classes with 

reference to the position of top height/top age points in the scatter diagram with limiting 

curves for site qualities.  If the points of successive measurements of one and the same 

plot do not lie within the limiting curves of the same quality, the plot is assigned to one 

or the other quality on the basis of the majority of measurements or on the basis of 

latest measurement.  As a rule, the latter course is generally preferred. 

2) Crop age and mean crop basal area per hectare figures of the plot 

measurements are grouped separately for each quality by decade or half decade age 

classes and their averages are computed.  The average values of basal area are then 

plotted against the corresponding average values of crop age and a smooth freehand 

curve is drawn for each quality.  Reading against the crop age values are taken and 

compared with the actual measurements.  The standard deviation and coefficient of 

variation are/then computed and curved against crop ages.  They are mutually checked 

and adjusted.  The standard deviations are then read against crop ages.  The difference 

between the curved and actual values of basal area of individual measurements are 

compared with the corresponding curved values of the standard deviation.  

Measurements in which the difference exceeds twice the standard deviation are 

rejected.  Similarly, rejections on the basis of number of trees per hectare, average crop 

diameter, stem timber and stem small wood volume per ha are also done. 

3) For each quality class, the main crop data of acceptable measurements are 

grouped by decade or half decade age classes and the following averages are 

computed. 

i)  Basal area per hectare 

ii)  Number of trees per hectare 

iii)  Average crop diameter 

iv) Average crop height 

v) Stem timber and stem small wood volume per hectare 

vi) Stem timber and stem small wood form factor and 

vii)  Top age and top height 



4) The averages for each age class are plotted against average crop age and 

smooth curves are drawn separately for each quality.  Necessary adjustments are then 

made between mutually related curves so that 

i)  Number of trees per hectare x average basal area = basal area/ha 

ii)  Basal area/ha x crop height x form factor – Volume/ha 

5) The values against the decade or half decade of age are read from these 

curves and tabulated.  The top age and top height values read from top age/crop age 

and top height/crop height curves are interpolated on the top height/top age curves to 

determine fractional qualities at each decade or half decade.  The values tabulated from 

the remaining curves are plotted against their respective fractional qualities and smooth 

curves are drawn for each decade or half decade of crop age.  The mutually related 

curves are cross-checked and adjusted.  The values are read against each mean site 

quality and also against each limiting site quality and tabulated.  These values are 

plotted against crop age and smooth curves are drawn for mean and limiting site 

qualities and the mutually related curves are cross-checked and adjusted again.  The 

values are read from these finally adjusted curves and tabulated. 

6) The data for subsidiary crop is similarly curved and tabulated. 

This method of yield table preparation suffers from the following defects: 

i)  The sample plot data are grouped in different site qualities.  Many plots grouped 

in one site quality in early years are found to belong to another site quality in 

later years.  Allotment of such plot to neither group is correct. 

ii)  In each site quality there are varying number of points and the curves drawn for 

different site qualities do not show consistent trends 

iii)  No sample plots are available for certain decades in some site qualities 

iv) A good deal of the sample plot data gets rejected 

A NEW METHOD 

The senior author has suggested a new procedure for preparation of yield tables.  

His method consists of the following steps: 

1)  Linear regression equations are fitted between timber volume as well as for total 

wood volume against the product of basal area and crop height. 

2) Linear regressions are also fitted between 

i)  Crop height and top height 



ii)  Crop diameter and crop height 

iii)  Number of trees per hectare and crop diameter 

iv) Crop height of subsidiary crop and crop height of main crop 

v) Limiting curves are drawn for site quality.  From these curves top height 

is obtained corresponding to each decade for each site quality 

vi) For each decade values of crop height and crop diameter are obtained by 

the regressions of crop height/top height and crop diameter/crop height.  

The number of trees is obtained from the regression of number/crop 

diameter 

APPLICATION AND USE OF YIELDS TABLE 

 When yield tables are used to predict growth and yield or to supply any other 

information, care should be taken that the correct site quality table is sued and factor of 

density is applied.  Thus before the yield table can be used knowledge of age of crop 

and its density is required.  Age of the crop may be determined either from records or 

by any of the methods suitable for finding age of stand.  The density stand should be 

based on actual basal area which is quickly determined by instruments like wedge prism 

and comparing it with the basal area given in the yield table for the age and quality of 

the stand.  The yield table, because of the lot of information contained in it, can be put 

to many uses in management or silvicultural practices.  Some important uses of yield 

table are described below: 

1) Determination of site quality or fractional site quality 

2) Estimation of total yield or growing stock 

3) Determination of increment of stand 

4) Determination of rotation 

5) Preparation of stock-map by site qualities 

6) As a guide to silvicultural thinnings 

MONEY YIELD TABLE 

 Money yield table is a table constructed from a volume yield table in which the 

yields are expressed in terms of money instead of volume.  Its main object is to 

determine best financial rotation.  As the selling rate of timber varies with size, the 

volume yield table cannot be directly converted into money yield table by simple 



multiplication.  The various steps by which money yield table is prepared are briefly 

given below: 

i)  The volume per hectare for main crop and thinnings at different ages is obtained 

from the volume yield table 

ii)  The number of trees of different sizes is found out for various ages from the 

stand table 

iii)  A price-size gradient relationship is established between the crop age and its 

value in terms of money.  Curves giving value/age or value/dbh on per hectare 

basis are known as price-size gradients 

iv) With the help of this gradient, stand table data are converted in terms of money.  

Total value per hectare is found out by adding the values of all trees of different 

classes.  These values are found out for main crop and thinnings 

v) The value of the crop per cubic metre at different ages is worked out for main 

crop and thinnings 

vi) Finally money yield table data are tabulated in appropriate columns 

 

STAND TABLE 

 

DEFINITION 

 Stand table is a table showing the distribution of stems by diameter classes for 

each of the series of crop diameters.  In India, it is usually appended at the end of yield 

table of the species and the distribution is given in the following forms: 

i)  As percentage of trees over given diameter limits in crops of various diameters 

ii)  As number of trees per hectare (or acre) over given diameter limits, in crops of 

different qualities for successive 5 years age interval 

iii)  As percentage of the total number of trees by 10 cm (4 inches) diameter classes 

in crops of various diameters 

iv) As percentage of the total number of trees by 10 cm (4 inches) diameter classes 

for various partial crop diameters excluding trees below a certain limit 

v) As number of trees by 10 cm (4 inches) diameter classes for 40 ha (100 acres) of 

normal forest under different rotations before the annual fellings 



OBJECT 

 Stand table is very useful for forest management and it is today generally 

accepted that yield table is not complete without it.  The average diameter of the main 

crop stems and the stems removed in successive thinnings can be ascertained from the 

yield but the range of diameters comprised in these averages cannot be known unless 

stand table is also prepared.  The calculation of the final values of forests, preparation of 

money yield table and application of commercial volume tables made for local standards 

of conversion, to yield table crop data require a knowledge of trees per unit area under 

different diameter classes and this is given by stand table. 

APPLICATION AND USES OF STAND TABLE 

 Being statistical averages, stand table may not be applicable correctly to 

individual cases unless they are normally stocked.  In normally stocked crops, however, 

they give a clear idea of the distribution of different diameter classes and can be put to 

several uses, some of which are given below: 

i)  Determination of the financial value of crops and 

ii)  Preparation of money yield table 

STAND VOLUME TABLE 

 Every forester is confronted with the problem of quick assessment of stand 

volume.  This can be easily done if stand volume table is prepared.  Chaturvedi has 

found out that a linear relationship exists between volume/ha of a stand and the product 

of crop height and basal area/ha as shown below: 

  V = a + b BA x HC 

 Where V – Volume in m3/ha 

  BA – Basal area in m2/ha 

  HC – Crop height in m 

  a and b are regression constant and coefficient respectively. 

YIELD TABLE FOR MIXED FOREST 

 Mixed forests constitute the maximum percentage of the forests in India.  No 

yield tables have been prepared for such forests.  The value of regression coefficient b 

in the stand volume equations shows that it does not show wide variations.  A precise 

relationship can be found between the volume and the product of basal area and crop 



height for mixed forests.  Some work was done in this direction for plantation crops and 

promising results were obtained C.F.I. plots are required to be laid in mixed forests in 

various forests types of enable studies being carried out on their growth.  Chaturvedi 

obtained the following regression equation for plantation crop of mixed species in 

Ramnagar Forest Division (U.P.). 

  Volume = 2.6018 + 0.2417 BA x crop height 

            r = 0.8026 d.f. = 21 
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