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PREFACE 

In 1983 the Ethiopian Government and the United Nations 

Sudano-Sahelian Office (UNSO) initiated a fuelwood plantation 

programme in the Ethiopian highlands. About 9000 hectares of 

fuelwood plantations have been established in Debre Birhan, 

Dese and Nazret during 1984-1988. Part of the plantations are 

reaching the harvesting stage after 5 years of growing. This 

calls for careful planning of the established forest resource. 

Training of the fuelwood plantation field staff is one of 

the activities in the fuelwood projects assisted by UNSO. 

Three In-Service Training Courses in forest management have 

been arranged for the project and block managers of UNSO

projects in 1986-1988. The content of the courses, supple

mented with some additional elements of forest management 

planning, has been included in this manual. The topics of 

forest inventory and management planning will be central in 

running the present and newly planned fuel wood plantations. 

This manual is aimed at helping the fuelwood managers in their 

everyday work as well as Ethiopian forestry students in 

learning the methods of forest inventory and management 

planning . 

We thank Prof. Paavo Pelkonen for reading the manuscript 

of this manual and Ms. Helen Jozefek (B . Sc . For) for English 

revision. 

Addis Ababa, December 1988 

Timo Pukkala Veli Pohjonen 
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1. INTRODUCTION 

Forest management should use existing resources in such a 

way, that the production targets and other objectives set for 

the forest are achieved in the most efficient manner. The task 

of forest management planning is to show how this can be 

achieved. 

In fuelwood plantation forestry the resource is the land 

and the established plantation. A common objective is to 

provide a ·continuous, sufficient supply of wood fuel to the 

target group, which may be the people of the nearby town and in 

the vicinity of the plantation. 

A fuelwood plantation project is a big and long term 

investment. A normal plantation establishment cost is in 

Ethiopia 1500-2000 Ethiopian Birr per hectare (about 1000 

$/ha), or, expressed in another way, the total investment for 

an established and well growing sapling is 1-2 Ethiopian Birr. 

Since the capital investment for fuelwood plantations is high, 

the plantation establishment must be economically justified in 

advance. This is normally done by carrying out a cost-benefit 

analysis. The calculations carried out so far ( Pohjonen and 

Pukkala 1988a) show that the establishment of new fuelwood 

plantations is mostly well-justified in the central highlands 

of Ethiopia. 

Forest management planning in fuelwood plantations is 

primarily concerned with utilizing the established forest 

resource in a way that the economic and other expectations of 

the plantation are achieved. Answers are sought for questions 

like, "What is the amount of fuelwood in the plantation today, 

or after 3 years?", "In which order should the compartments be 

harvested?", or "What is the maximum, sustained amount of 

fuelwood that the plantation can yield?" 
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Forest management planning may be divided into long, 

medium and short-term planning. Long-term and medium-term 

planning are concerned with the strategic and long term 

problems of production, like defining the total harvest of the 

coming 5-year period. The everyday forestry activities and 

technical questions are dealt with in the short term planning 

which is also known as the implementation of the management 

plan. 

To further illustrate the difference between strategic 

planning and implementation, long-term planning can be compared 

to studying a road map, setting the destination and choosing 

the route, whereas the implementation phase is comparable to 

driving a vehicle, coping with unpredictable traffic and road 

conditions, to arrive at the destination ( Fraser 1984). Under 

such circumstances it is desirable for a fuelwood plantation, 

or any other forestry project , to determine first what the 

project is trying to achieve and then plan the best way of 

doing that. 

The main scope of this manual is in long-term and medium 

term forestry planning. Implementing of the forest management 

plan is only discussed briefly. 

A complete forest management planning system starts from 

the forest resource: the forest ecosystem (Fig. 1. 1 ) . The 

purpose of an inventory system is to find out the state of the 

resource. The inventory system can be divided into the 

measurement and calculation systems. The measurement system is 

a set of methods to acquire the basic information from the 

forest. The calculation system is needed because it is not 

always possible to measure the site and stand characteristics 

in the field. 

The results from the forest inventory are used in the 

planning system to analyze the different production al terna

ti ves and synthesize the results. The management planning 
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system produces growth predictions, treatment proposals and 

information on how the stands develop along different treatment 

alternatives. In particular, the planning system should be 

able to answer the following type of questions: "What happens 

to the forest if this management option is selected?" or "What 

are the consequences of this decision?". To be able to answer 

these questions, it is essential that the planning system has 

means to predict the future growth and development of the 

forest. 

FOREST ECOSYSTEM 
Information 

MEASUREMENT SYSTEM Feedback 

.------w-~J 
CALCULATION SYSTEM < <- - - - I 

.--~~~~~~~~~~~ MO~ELS 
PLANNING SYSTEM <- - - - -1 

< 

DECISION SYSTEM 

Fig. 1.1. Parts of the forest management planning system. 
Measurement and calculation systems make the 
inventory system. The feedback arrows indicate 
that it depends on the following system which 
kind of information a particular system must 
Produce. The arrow from-the decision system to 
the forest ecosystem refers to the implementation 
of a forest management plan. 

The planning system presents a synthesis of the computa

tions to a decision maker, usually in the form of a forest 

management plan. Based on this synthesis the decision system 

selects the way of utilizing the existing forest resource. 

An important part of the forest management system are the 

models that describe the relationships between the different 
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tree and stand characteristics. The models are mostly used in 

the calculation system, for instance to calculate the stand 

volume and the biomass from the field measurements, and in the 

planning system to predict the future growt h of the stand. The 

needed models are usually composed as a research activity, 

separately from the inventory and ma na gement planning. It is 

possible , however, to use the inve ntory d a t a for constructing 

part of the models. 

In this manual we describe t he di f f erent parts of a forest 

management system . The presente d inve ntory and planning 

methods are mostly developed for Eucalyptus fuelwood planta

tions in t he Central Highlands of Ethiopia , but t he t heoretical 

and general parts of the manual apply to any forest mensuration 

and planning . 

The introduction (Chapter 1) is followe d by the explana

tion of the concepts , models and methods of f orest mensuration 

and forest inventory (Chapter 2 ) . Chapter 3 introduces the 

reader to the preparation of a forest manageme n t map . Chapter 

4 focuses on the growth prediction methods which can be used in 

forest management planning . The preparation of a forest 

management plan is explained in Chapter 5 . Finally, Chapter 6 

gives a short description of how the proposals of the forest 

management plan affect the activi t ies in implementing the plan. 

This manual presuppos es from the reader some basic 

knowledge about forestry. The ma nua l may not be suitable as 

the first textbook of fores t inventory and forest management 

planning. The topics of the ma nual and most of the theoretical 

parts have been successfu lly p resented in the In-Service 

Training Courses arranged for t he field staff of the UNSO

funded fuelwood plantations in Debre Birhan, Dese and Nazret. 

The students of these courses were mostly forest technicians 

graduated at Diploma level from the Wonda Genet Forestry 

Training Institute. 
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2. FOREST MENSURATION 

2.1 Concepts 

The task of forest mensuration is to acquire data for 

forest management planning or for forestry research. The 

object of forest mensuration may be one tree, one stand or a 

large forest area. The concept forest inventory is often used 

as a synonym of forest mensuration, especially in the mensura

tion of a large area like an entire fuelwood plantation. 

Forest mensuration includes two sub-systems: ( 1) the 

measurement methods and the consecutive (2) methods to analyze 

the field data. This latter sub-system is known as the 

calculation system. 

We are mostly interested in such characteristics as the 

volume of stems, the biomass of stems, branches and leaves, the 

monetary value of trees or the volume growth of a stand. These 

characteristics are, however, difficult to measure directly. 

For example, it is impossible to weigh the tree when it is 

still growing. For this reason, the mass is determined 

indirectly with the combined use of some easily measurable 

variables and models (Fig. 2.1). 

When determining tree volume, we measure the diameter and 

height of the tree and then use a volume table to obtain the 

tree volume. If we are interested in the stand volume (m3/ha), 

we can measure the basal area (G) and average height (H) of the 

stand and then calculate the volume by the equation V=0.44GH. 

In the first example, the volume table is the model and in the 

second example the equation V=0.44GH. 

There are three types of models (Fig. 2.2): (1) graphs or 

diagrams, (2) tables and (3) equations. 
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l FOREST 

:I 
J 

MEASUREMENTS 
Measured characteristics 
- diameter, height 
- basal area, stocking 
- age, dominant height 

MODELS 
- volume and mass tables 

. ~ and equations 
[ L CALCULATIONS I - relascope tables 

- yield tables 
- growth models , 

RESULTS 
Calculated characteristics 
- volume and biomass 
- future growth 
- value 

Fig. 2.1. Phases in forest mensuration. 

Diagram Table Equation 

d 

Diam. 
(cm) 

10 
11 
12 
13 
14 

Volume 
(dm3) 
45 
55 
67 
89 

112 

v 

Fig. 2.2. Different types of models. 

o.555do.777 
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A model describes how one characteristic depends on one or 

s everal other characteristics, for example, how the tree volume 

de pends on diameter. When we use a model for calculating the 

~ee volume, the result is not usually quite correct; it is 

cnly a prediction of the real volume. 

In field work the most common models are the tables 

volume table, relascope table and yield tables). When working 

·..-i th a computer or calculator, equations are often preferred 

s i nce they are more accurate and flexible than tables. 

The most common type of equation models is the regression 

odel. An example of regression model is the volume equation 

of Eucalyptus globulus (Pohjonen and Pukkala 1987): 

v 

where v 
d 
h 

0 . 08283 al.873 h0.8424 

stem volume (dm3) 
diameter (cm) 
height (m) 

In this model the diameter and the height are called 

predictors . The volume is the predicted variable; the model is 

used for predicting the volume with the help of diameter and 

height. The figures 0. 08283 , 1. 873 and 0. 8424 are the para

meters of the model. They are constants which are calculated in 

regression analysis (therefore the name 'regression model'). 

2.2 Tree measurement 

2.2.1 Tree characteristics 

A tree can be fractioned into the following parts: roots, 

stump, stem, branches and leaves. The most common object of 

the measurement is the stem but in fuelwood production the 

amounts of branches and leaves are also of interest. In forest 
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mensuration we are only seldom interested in roots or stumps 

because they are seldom harvested. 

The different dimensions of a tree are called tree 

characteristics. 

letters. 

They are usually abbreviated with lowercase 

The age of the tree (t) is the number of years which the 

tree has grown since germination ( seedling stand) or since 

sprouting (coppice stand) . In short rotation forestry it is 

often reasonable to express the age with the accuracy of one 

decimal. 

The thickness of the stem i s mostly described as the 

diameter at breast height ( d, d i. 3 or dbh). Breast height 

diameter is measured at the height of 1. 3 meters from ground 

level (seedling stand) or from the starting point of the stem 

(coppice stand) using a diame t er caliper or diameter tape. If 

there is a fork below 1. 3 m, the tree is considered to be 

composed of two stems and the diame t er i s measured for both of 

them (Fig. 2.3). 

--H-
1 T-- I 

1.3m . t~ 1.3m 

Fig. 2.3. Measurement of breast height diameter. 
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The diameter is measured in millimeters or by using 

diameter classes of 1 or 2 cm. With one-centimeter classes the 

diameter is rounded to the nearest full centimeter and with 

two-centimeter classes to the nearest odd centimeter (1, 3, 5 

cm, etc.). For example, if the class width is 1 cm, class 5 cm 

contains diameters between 4.5 and 5.499 cm. If 2 cm is used 

as the class width, diameters between 4.0 and 5.999 cm belong 

to class 5 cm. 

In forestry research or when accurate measurements are 

needed for other purposes, other diameters than dbh can be 

measured, like the diameter at the height of 6 m (d5), diameter 

at the crown base level (de) and diameters at some relative 

heights, like at 10% level (do.1h) or at 50% level (do.sh> · 

The height of the tree (h) is the distance from the ground 

level to the top of the tree. If the tree is a sprout (in a 

coppice stand), the distance begins from the starting point of 

the stem. The height is measured with a hypsometer or with a 

measuring pole. 

Bark thickness is the distance from the cambium to the 

surface of the stem. It is measured with a bark gauge, usually 

in two opposite directions at height of 1. 3 meters. It is 

needed when the diameter increment is measured, or for research 

purposes. 

Diameter increment (id) is the increase in dbh for 

instance in one year or in five years. Height increment (ih) 

is the corresponding increase in height. If the annual rings 

are visible, the diameter increment can be measured from a 

radial core bored at breast height. With conifers the height 

increment can sometimes be measured as the distance between the 

whorls. If there are no clear annual rings or whorls, like 

with eucalypts, it is necessary to measure the diameter and 

height twice, for instance at one-year or at five-year inter-
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vals. The increment is calculated as the difference between 

the two measurements. 

The basal area of tree (g) is the area of the transection 

of stem at breast height. 

Stem volume (v) is the volume of the stem with bark from 

the stump level to the top of the tree. Stem volume is 

expressed in cubic decimeters or in cubic meters. The stem 

volume cannot usually be measured directly. Instead it . is 

estimated with the help of a volume table or volume equation 

using dbh and height as predictors (see the next section). 

The form factor (f) is defined as follows: 

f = v/gh 

The form factor gives the ratio between the tree volume 

and the volume of a cylinder which has the same dbh and height 

as the tree. For eucalypts grown in the Ethiopian highlands 

the form factor has been found to be approximately 0.44. Form 

factor is used for estimating the stem volume by the equation 

v =fgh. For example, if d is 25 cm and h is 20 m (200 dm), then 

g equals 491 cm2 or 4.91 dm2 and the volume is 0.44 x 4.91 x 

200 = 432 dm3. 

The form factor should be used only when volume tables or 

volume equations are not available. One reason for this is 

that the form factor depends on the tree size: the smaller the 

tree, the bigger the form factor although the actual shape of 

the stem remains the same. This is due to the fact that form 

factor always refers to the level of breast height, not to a 

transection at some relative height. Especially with small 

trees, big errors are to be expected if a constant form factor 

is used. One more drawback is that form factor can be the same 

for quite different stem forms. 
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In fuelwood or pulpwood production the mass of stem (m8 ), 

mass of branches (mb) and mass of leaves (m1 ) are also impor

tant characteristics. They are given in kilograms or in metric 

tons. The mass (or biomass) can be expressed in terms of fresh 

mass or in terms of dry mass (air-dry or oven-dry; in this 

manual dry refers to oven-dry) . The dry mass is a more 

indicative characteristic than the fresh mass and it expresses 

the energy content of a tree better than the fresh mass. 

In ordinary forest measurement the mass is estimated with 

the help of mass tables or mass equations using diameter and 

height as predictors. The mass can also be calculated by 

multiplying the stem volume with the density of wood. To 

obtain dry mass, the volume is multiplied with the dry density, 

and to obtain fresh mass, the volume is multiplied with the 

fresh density. Dry density is also called as basic density. 

It is calculated by dividing the oven-dry mass of the sample by 

its volume which is measured in a fresh state. The fresh 

density is obtained by dividing the fresh mass by the volume of 

a fresh sample. Common units of density are kg/dm3, kg/m3 and 

tons/m3. 

The dry density of Eucalyptus globulus is 0.56 kg/dm3 for 

wood and 0.47 kg/dm3 for bark (Pohjonen and Pukkala 1987). The 

average dry density for the whole stem is 0.55 kg/dm3. Thus, 

if the stem volume is 350 dm3, the dry mass of stem is 350 dm3 

x 0.55 kg/dm3 = 192.5 kg. 

The fresh mass of small trees, branches and leaves can be 

weighed directly in the field. In this case the fresh mass can 

be converted into dry mass by multi plying it with the dry 

matter content. The dry matter contents for different parts of 

Eucalyptus globulus are as follows: 

- wood 
- bark 
- branches 
- leaves 

0.52 
0.52 
0.59 
0.44 
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The figure 0.52 for wood and bark means that one kilogram 

of fresh wood or bark contains 0.52 kg dry matter and 0.48 kg 

water. 

2.2.2 Tree models 

It is often impossible to measure all the tree dimensions. 

Usually we only measure the diameter and height of the tree and 

then use some models (equations, tables or graphs) to obtain 

the stem volume, stem mass, branch mass and leaf mass. Also 

the height is sometimes predicted with a model. With models 

the result is not usually quite correct, but time saving in 

mensuration is so great that a small inaccuracy is acceptable. 

The following two equations and one table of Eucalyptus 

qlobulus are presented as examples of tree models. The models 

have been made in the Nazret, Debre Birhan and Dese Fuelwood 

Projects (Pukkala and Pohjonen 1988). 

Volume equation 

v 

where v 
d 
h 

o.08283 dl.873 h0.8242 

stem volume with bark from stump to top (dm3) 
diameter (cm) 
height (m) 

Fresh mass equation 

ms 0.0887 dl.868 ho.8423 

where ms = stem mass with bark (kg) 
d = diameter (cm) 
h = height (m) 

The coefficients of the mass equation are almost equal to 

the corresponding parameters of the volume equation. The fresh 

mass of stem (in kilograms), therefore, almost equals the stem 

volume expressed in cubic decimeters. This is a consequence of 
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the fact that, the fresh density of the eucalypt stem is about 

one kg/dm3. 

The volume or mass model can also be presented as a volume 

table (Table 1) or mass table, which are easier than equations 

to use in the field or in manual computations. The volume 

table is created by tabulating the stem volume, calculated by 

the volume equation, at 1-cm intervals in diameter and 1-m 

intervals in height. 

Table 1. Volume table of Eucalyptus globulus. 

Voluoe of steo with bark betwoen stu.p and top Cdo3l 

Calculated by equation: 

ln{v} = -2.491 + 1.883 K ln<d> + 0.&424 x ln(h) 

Heiqht, 1R 

7 8 9 10 II 12 13 -t4 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
co 
6. 12 14 15 17 18 

16 18 20 22 24 
21 23 26 28 31 
2629323538 

10 32 3b 39 43 47 

11 
12 
13 
14 
15 

38 43 47 SI 56 
45505561~ 

S2 S8 b4 70 1b 
bO 67 74 81 88 
68 76 84 92 100 

19 21 22 23 25 
2628293133 
33 35 38 40 42 
41 44 47 50 52 
50 54 57 61 64 

26 27 28 30 31 32 33 
34 36 38 40 41 43 44 46 
44 46 W ~ ~ 55 g H bl 
55 ~ bl M ~ 6 n H 76 29 
~ n n 11 80 M ~ 90 n 96 

bO 64 b8 72 76 80 84 88 92 96 100 104 107 111 115 119 122 
71 75 80 85 90 95 99 104 109 113 118 122 127 131 135 140 144 148 
82 88 93 99 104 110 115 121 12b 131 137 142 147 152 157 162 161 172 177 
94 101 107 111 120 126 133 139 145 151 157 IM 169 175 181 186 192 198 204 210 

107 115 122 129 137 144 151 158 165 172 179 185 192 199 206 212 219 225 232 238 245 

16 77 86 95 104 11 2 121 129 138 146 154 162 170 178 t86 194 202 209 217 224 232 239 247 254 262 269 276 284 
17 86 96 106 116 126 135 145 154 164 173 182 t91 200 208 217 226 234 243 251 260 21>8 277 285 293 301 310 318 326 
18 96 101 118 129 140 1s1 161 112 182 192 202 212 m 232 242 251 261 210 280 289 m 308 311 326 335 345 354 363 312 
19 106 119 131 143 ·155 167 179 190 201 213 224 235 246 2s1 267 278 289 m 310 320 330 341 351 361 m 381 391 401 411 421 
20 111 131 -!44 158 111 184 197 209 m 234 246 258 211 282 294 306 318 329 341 352 364 375 386 397 409 420 431 442 453 463 

21 143 158 173 187 201 215 229 243 256 270 283 296 310 322 335 348 361 374 386 399 411 423 436 448 4bO 472 484 496 508 
22 rnmamm~•m~nmmm386~~~~~448~mw•mmilim 

n ~mm~m~am&ill~mmwrnillillillrn•mrnill~rn~~ 
a m~m~mmm~™mmrnill~~mmm™Mmm~rnmw 

25 mmmm~mmllimill~w~mm~m~~rnm~rnma 

u mru~~~mill~rn~m~mm%mru~~~•m~~ 

27 367 389 411 432 453 475 496 5·16 ~ 557 578 598 618 638 658 678 697 717 736 756 775 794 813 
u m~~~~rnmmmm~~wammmm~~~m 

29 469 494 518 543 567 590 614 6JI ~I 6M 707 730 752 m 797 820 842 864 886 908 930 
30 lli~m~m~mammmmm~mmm~wm 

31 
32 
33 
34 
35 

™IB~w~m™m~m~mom~m~~~ 
w~m™~mru~mam~m~~-~~ 

722 752 782 612 Ml 871 900 m 958 987 1015 1044 1072 1100 1128 1156 1184 
795 827 859 690 921 952 983 1013 1044 1074 1104 1134 1164 1193 1223 1252 

873 906 940 972 1005 1038 1070 1102 1134 1166 1197 1229 1260 1291 1322 
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The scope of the models used in forest mensuration varies 

considerably. Usually one model is applicable for one tree 

species only or within a group of related species. One species 

may also have a separate model in different countries or in 

different parts of a large country, depending on the variation 

in growth conditions and in the growth habit of the tree. For 

example, the volume table of Eucalyptus globulus is applicable 

over the Ethiopian highlands but not elsewhere. Some models 

have a more limited scope: they can be used in one stand or in 

one compartment only. An example of such models is the height 

curve of the stand which shows the dependence of tree height on 

breast height diameter (Fig. 2.6). 

It is typical that the wider the scope, the more compli

cated the model is. The most general models (widest scope) are 

prepared in comprehensive investigations on the basis of large 

study material. The more restricted models are simpler and 

based on a small number of measurements only. Thes'e models of 

the latter kind are commonly prepared in the context of stand 

measurement and forest inventory. 

2.3 Measurement of the forest stand 

2.3.1 Stand characteristics 

Stand characteristics describe a tree population (for 

instance all trees of one plot, stand or compartment). They can 

be divided into two groups: mean characteristics (mean 

diameter, mean age, mean height, etc.) and sum characteristics 

(stand volume, total biomass of trees, number of trees, etc.). 

The symbol for a stand characteristic is a CAPITAL letter. 

Stocking or number of stems (N) gives the total number of 

stems per hectare. Basal area ( G) is the sum of the basal 
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areas of individual trees . It is expressed in m2/ha. In the 

same way, stand volume (V) is the sum of the tree volumes, and 

stem mass (M8 ), branch mass (Mb) and leaf mass (M1 ) are the 

sums of the corresponding tree characteristics . The volume is 

expressed in cubic meters per hectare, and the masses in tons 

per hectare . 

The mean characteristics are usually calculated by using 

the tree basal area (g) as a weight variable . They are thus 

weighted means. If ordinary unweighted means are used, the 

weight of a small tree is the same as that of big trees, 

although the contribution of small trees to the total volume, 

mass or growth is negligible . Weighted means are used to avoid 

this bias. 

Mean diameter (Dg) is calculated as follows: 

Egidi/Egi 

basal area of one tree (ith tree) 
diameter of tree i 

The symbol E means that a sum is calculated. The sub-

script i is 1 for the first tree, 2 for the second tree, etc . 

It indicates that there are several diameters and basal areas 

to be included in the sum. 

Mean height (Hg) is calculated in same way as Dg · The 

following example shows how these two most important mean 

characteristics can be computed manually . The first task is to 

prepare a simple table for the different products and sums 

needed in the calculation. The diameters and heights are 

recorded in the first and second column . The computations are 

then carried out in the order indicated by the arabic numbers 

above the columns and below the table. 
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1. 2. 3 . . 

di, cm hi, m g· cm2 
1' gidi gihi 

5 7 19.6 98.0 137.2 
10 13 78.5 785.0 1020.5 
13 18 132.7 1725.5 2388.6 
25 28 490.9 12271. 8 13744.5 

Sums: 721. 7 14880.3 17290.8 
I:gi = I:gidi = I:gihi 

4. 5. 6. 

7. Dg = I:gidi/I:gi = 14880.3/721.7 = 20.6 cm 

8. Hg = I:gihi/I:gi = 17290.8/721.7 = 24.0 m 

Usually there are severa l trees which have the same 

diameter or height. In this case the mean diameter is calcu

lated as follows (ni is the number of trees in the ith diameter 

class): 

1. 2. 3. 

di, cm ni g· cm2 
1' nigi nigidi 

5 7 19.6 137.2 686.0 
10 10 78.5 785.0 7850.0 
13 20 132.7 2654.0 34502.0 
25 5 490.9 2454.5 61362.5 

Sums: 6030.7 104400.5 
Enigi = I:nigidi 

4. 5. 

6. Dg = I:nigidi/I:nigi = 104400.5/6030.7 = 17.3 cm 
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~he age (T) of the stand is the mean age of trees calcu

.:..a-::ed so that tree basal area ( g) or tree volume ( v) is the 

11IJllE!.::.g t variable. In an even-aged stand it is not necessary to 

ca.:= late the stand age; it is simply the time (in years) since 

seed sowing or coppicing. In a planted compartment there may 

!:le - re than one age class, caused by beating up. If the 

~~portion of the oldest age class is not very low, it is 

reco;;;mi,endable to use its age as the stand age. 

CUrrent annual increment (CAI) is the total volume growth 

! all trees in one year (previous or next year). Mean annual 

ement (MAI) is the average annual volume increment of the 

s:ta.~d since seed sowing or since previous coppicing. If there 

s been no mortality nor cuttings, MAI is calculated by 

di-iding the stand volume by the age: MAI = V/T. In a young 

SU!:? d CAI is usually much greater than MAI. CAI and MAI are 

re:.ated to each other so that when CAI falls below MAI, MAI 

reached its maximum ( abbrevieted as MMAI ) . The age at 

this occurs indicates the rotation length that maximizes 

volume production of the stand (Fig. 2.4). 

m3/ha 
72 

54 

36 MAI 

18 CAI 

0 
0 8 16 24 32 

Age, years 

ig . 2.4. The relationship between current annual increment 
(CAI) and mean annual increment (MAI). 
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Dominant height (Hdom> is the average height of 100 

largest trees per hectare. It is an important parameter when 

determining site productivity (see Chapter 4). The following 

example shows how the dominant height is calculated. 

Diameter class Stems/ha Height 

11 14 16 
13 148 18 
15 82 20 
17 45 21 
19 36 22 
21 26 23 

Total 351 

For dominant height we must take 100 biggest trees per 

hectare and calculate their average height. Thus we take all 

the 26 trees from diameter class 21 cm and all the 36 trees 

from class 19 cm as well. We have now 62 trees. We still need 

38 trees from diameter class 17 cm. 

thus 

The dominant height is 

Hdom = (26 x 23 + 36 x 22 + 38 x 21) I 100 = 21.88 m 

The diameter distribution of stems describes how the trees 

are distributed into different diameter classes (Fig 2.5). It 

gives the number of stems (trees/ha) in diameter classes. The 

distribution describes the tree population much more thoroughly 

than the individual stand characteristics. From the diameter 

distribution it is possible to calculate all the needed stand 

characteristics. An usual aim in forest stand measurement is 

therefore to determine the diameter distribution, that is to 

count the number of trees in different diameter classes. 
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Diameter Trees/ha Trees/ha 
200 

7 60 
9 132 

11 188 100 
13 200 
15 168 
17 112 0 
19 48 7 9 11 13 15 17 19 

Diameter, cm 

Fig. 2.5. Diameter distribution presented in two different 
ways. 

2.3.2 Forest stand plot 

2.3.2.1 Types and uses of plots 

It is usually too expensive and time consuming to measure 

all the trees of a compartment or stand in order to obtain the 

diameter distribution and the other stand characteristics. 

Instead we measure only a sample which represents the whole 

compartment. Usually the sample consists of one or several 

sample plots. 

Forest stand plots are used in forest inventories, in 

research and in forestry training. There are three types of 

forest stand plots: circular plot, rectangular plot and 

relascope plot. The circular plot is defined by its center and 

radius, the rectangular plot by its corners and the relascope 

plot by its center and the applied basal area factor (relascope 

plots are discussed more thoroughly in Section 2.3.3). 

Forest stand plots can also be classified as temporary, 

semipermanent or permanent. Temporary plots are used for 

instance in forest inventory. They are not marked in the field 

which means that they cannot be visited later because they 

cannot be found after the measurement. Sometimes forest 
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inventory uses semipermanent plots in addition to temporary 

plots. An example of this kind of inventory system is the so

called Continuous Forest Inventory, where the semipermanent 

plots are measured in two success! ve inventories to acquire 

data on the changes in the stand characteristics. Semiper

manent inventory plots are marked as lightly as possible so 

that they do not draw unnecessary attention. 

In forestry research the plots are typically permanent or 

semipermanent . Permanent research plots are clearly marked and 

controlled. Typical examples of permanent research plots can 

be found for instance in species trials, provenance tests, 

fertilization trials and thinning experiments. Yield tables 

are normally calculated from permanent or semipermanent plots 

but data from temporary plots can be used as well. 

In forest inventory the plots are usually smaller than 

those in research. The general instruction is that the bigger 

the trees and the more irregular the stand is, the bigger the 

plot should be. In a homogenous young stand, 100 m2 may 

suffice, but if the trees are big, the stocking low and the 

spatial distribution of trees irregular, the size should be 

increased up to 3000 m2 or even more. Also the required 

accuracy and precision of the results affect the size of plot: 

the higher these requirements are, the bigger the plot should 

be. 

The loca tion of inventory plots is systematic or otherwise 

objecti ve . Research plots should be placed in representative, 

average or typical subareas of the stand or compartment. There 

should be a wide enough buffer zone around the plot with 

similar stand and site properties, than within the plot. A 

sufficient width for the buffer zone is about 50% of the 

dominant height of the stand. 
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2.3.2.2 Measurement of a plot 

There are several methods to measure a forest stand plot. 

The measurement depends on the end use of the results and on 

the calculation system which follows the measurement system 

(see Fig. 1.1). The system described below has been used in 

the In-Service Training Courses of the UNSO-funded fuelwood 

projects and for collecting data for the Yield Tables of 

Eucalyptus qlobulus ( Pohjonen and Pukkala 1987, Pukkala and 

Pohjonen 1988a). Typical of the method is that the measurement 

of the plot is rather quick and the results can be calculated 

both manually and by computer. 

The first task in the field is to decide the type and 

location of the plot. The exact center position of a circular 

or relascope plot should be selected randomly, e.g. by counting 

a definite number of steps (for instance 20 steps) in a more or 

less random direction. In a rectangular plot one of the 

corners may be located in this way. Note that this method to 

locate the plot does not apply to compartment inventory or 

another measurement which is based on several sample plots. 

The center of a circular or relascope plot is marked with 

a pole or stick. In a rectangular plot all the corners are 

located and marked, after which the boundaries are cleared. 

With circular plots it is not necessary to mark or clear the 

plot boundary because the distance of the tree from the center 

is easily measured with a tape measure. If the plot is meant 

to be permanent or semipermanent, the center pole or the corner 

poles should be durable enough to last at least to the next 

measurement date. In a circular plot it is also possible to 

use a big stone as a plot center and paint a mark on it, if 

there is no suitable pole material available. If the plot is 

big, it is not a serious error to use a tree as a plot center. 
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Two types of trees are measured in a forest stand plot: 

tallied trees and sample trees. All trees are tallied (enumer

ated) which means that the tree species and diameter class are 

determined for every tree. At least ten trees are selected as 

sample trees and measured by diameter and height. The sample 

trees are used for calculating the tree height in different 

diameter classes. A good rule of thumb is to select one or two 

smallest and two or three biggest trees as sample trees. The 

rest are measured at regular intervals between the smallest and 

the biggest diameter. Abnormal trees ( e. g . broken or two-

stemmed trees) should not be selected as sample trees. 

The measurements are recorded on a field form. An example 

of a field form is the FIELD AND COMPUTATION FORM FOR CIRCULAR 

OR RECTANGULAR PLOT which can be also used for computing the 

results (see Appendix 1). Care should be taken to fill all the 

head lines of the form, already in the field. It is important 

to use the units in the same way as they are indicated in the 

field form. The tallied trees are recorded by using the so-

called logger's huts. 

trees. 

For example: 40 trees 

18 trees 

16 trees 

13 trees 

One complete hut equals ten counted 

!2?J fZI IZJ ~ 
rzJD 
C8J I. 
fZI : 

The center (pith) of the tree base shows whether the tree 

belongs to the plot or not. If there are several trees just on 

the boundary, every second one is included. 

\ 

-· 
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2.3.2.3 Calculation of results 

The results of a forest stand plot are first calculated 

for the diameter classes and then for the whole plot. The 

calculation proceeds as follows: 

(1) Make a height model with the help of sample trees 

(2) Calculate the tree height in each diameter class 

(3) Calculate the stem volume, stem mass, branch mass and/or 
leaf mass in each diameter class 

( 4) Calculate the stand characteristics as means or sums of 
the tree characteristics 

In principle, the procedure is the same in manual calcula

tion and with computer. With computer the number of calculated 

stand characteristics is usually greater than in the manual 

method. The computer uses equations to get the stem volume, 

stem mass, etc. In manual computation we use more tables. 

The height model is prepared in the first step of the 

computation. It is made differently with the computer than 

with the manual method. The computer makes a regression model, 

and in manual calculation we make a graphical model (Fig. 2.6). 

Both models express the dependence of height on diameter. The 

computer uses the Naslund's height curve as a height model: 

h 1.3 + d2/(a+bd)2, 

where h = height (m) 
d = diameter (cm) 
a and b = parameters calculated in regression analysis 
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Height, m 

25 0 

20 

15 

10 

5 

0 
0 5 10 15 20 25 30 

Diameter, cm 

Fig. 2.6. A graphical height model. The curve should be 
smooth and s-shaped. The number of points should 
be more or less the same above and below the 
curve. The curve always cuts the y-axis at the 
height of 1. 3 m. 

The manual calculations can be carried out by using the 

FIELD AND COMPUTATION FORM FOR CIRCULAR OR RECTANGULAR PLOT. 

The filled form on the next page shows an example of the 

computations. The number of trees is recorded in Column 2 of 

the form and the sample tree measurements are recorded on the 

lower left corner. 

After preparing the height curve (Fig. 2. 6) the tree 

height in each diameter class is read from the curve and 

written in Column 3 (rounded to the nearest full meter). The 

next phase is to find from the volume table (Table 1), the 

volume of one stem in each diameter class (in m3). Diameter 

and height are used as predictors. The different products and 

sums are calculated as indicated in the computation form. The 

results are written in the lower right corner of the form. The 

dominant height is calculated as the average height of 100 

biggest trees/ha. Thus, if the plot size is 0.1 ha (1000 m2), 

10 biggest trees of the plot are included in the dominant 

height (which means 100 trees/ha). The mean height can be 

calculated exactly in the same way as the mean diameter, 



FIELD AND COMPUTATION FORM FOR CIRCULAR OR RECTANGULAR PLOT 

Plot MG\0 Locality Me(\t:\'\l!':iPC\ Date n. '.:i. i".li'b Rotation _ \_ 

Species EOG\.. Stand age \'J.,. yr Crew \C\d~s'.o.~ Site class 

Altitude 'd.400 m Rain \\0() mm Notes 

Radius of circle :'). lr m Size of rect rn Plot area 0 · O':> ha ----

1 2 3 4 5 6 7 8 
Vol/ BA/ 2·4 2·5 1·7 

Diam Sterns/ Height stem stern Vol/ BA/ 
cm f lot rn rn3 rn2 f lot f lot di·Gi 

(di) ni) (hi} (vi) (gi) Vi) Gi) 

1 .0001 

2 .0003 

3 .0007 

4 .0013 

5 .0020 

6 .0028 

7 .0038 

8 a. \\ . o:i1 .0050 . o<oJ. . OIOv -oioo 
9 d. rs .· 044 .0064 . oii . (}\ '.} i - llS~ I 

10 .. ~ IL\ .OSl- .0079 . \'l\ . 01'~1- . J.:»~0 
I 11 .. y IS . OT~ .0095 . ?-ii . o:,'b() . ~ \'bO . . 

12 tl Cb \~ • O<.'.lO .0113 . 'ld,O . D')oL\ \. oiLiiti 
13 lZi \ \ n . \\0 .0133 I . ), \ 0 . \L\(o) \ - ~O\") 

14 r. b n . l~(o .0154 . 15(,, . 01S(,, I . OS'bL1 

15 .. 
4 \ ~ . \SI .0177 . (o()L\ . 0·1oi I. 0(o~O . . 

16 
. . 

~ \ ') . ni .0201 . s::.'-1 . 0(,,0".:> 0. 'Jlo4!/:, 

17 n 1 \~ . ·~oo .0227 i. L10Q . IS'b') a. 101'.> 

18 . a ~o . d. :,~ .0254 - ~(.,\.\ • OSO'b 0. ".\\L14 

19 \ ~o . ).S~ .0284 . JS1 . oa'f>L1 0. S~% 
20 I {}._\ . A':)l.\ .0314 . ). jL\ . O)il.\ o. "aio 
21 \ IA I . :,a-a .0346 . )d,'J.. . l.)":,L\(., 0 1 'J.(,,(o 

22 .0380 

Sum A: S'b Sums: l . \10 0 . 'b-:S;).O Id, . Li);l,O 

B c D 
SAMPLE TREES 

No. d mm h dm No. d mm h dm RESULTS 

1 I :i I J,O~ 6 ).00 3,i)~ N = (A/area) I~))) trees/ha 

2 aJ-o 3'. 0~ 7 l'-1 \ \ (o(o v (B/area) ;}, '!:> ') rn3/ha 

3 l~S \lo\ 8 \i(o I 'bi G = (C/area) 11.l- rn2/ha 

4 \Sl \\j, i- 9 1'b i'J.,O D (D/C) \4 . •j c m 

5 i 4 I I ;A 10 ni J-;n H(dorn) ~O. 1- rn 
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although there are no separate columns for it on the computa

tion form. 

2.3.3 Relascope in stand measurement 

A frequently used forest stand plot type is the relascope 

plot. One reason for its frequent use is that it provides a 

quick method to estimate the stand basal area in the field. 

The basal area together with the mean height can be used .for 

estimating the stand volume. There are also quick methods for 

estimating the mean characteristics of the stand with the help 

of a relascope plot. 

The trees that belong to the relascope plot are selected 

with a relascope (Fig. 2.7). The relascope consists of a stick 

and a plate with a gap. All trees which fill the gap when the 

stem is aimed at the height of 1.3 m, belong to the plot (Fig. 

2. 8). 

gap y cm 

stick fl--fl 
==~ xcm -

Fig. 2.7. The relascope 

2 - Silva Carelica 13 
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0 0 

0 
0 0 

0 
0 

0 0 
0 

0 
0 

0 

Fig. 2.8. A relascope plot (the shaded trees). 

An important concept connected with the relascope plot is 

the relascope factor or basal area factor (q) of the relascope. 

The basal area factor defines the size of the plot. It gives 

the basal area (m2/ha) that each tree of the plot represents. 

The basal area of the stand is thus, 

G nq 

where G 
n 
q 

basal area, m2/ha 
number of trees on the plot 
basal area factor 

The basal area factor is calculated as follows (see Fig. 2.7): 

q 

where q 
y 
x 

50y/x 

basal area factor (m2/ha) 
the width of the gap of the relascope 
the length of the stick of the relascope 
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For example, if the length of the stick is 100 cm and the 

width of the gap is 2 cm, the basal area factor is 

q 50 x 2 cm / 100 cm 1 

In this case each counted tree represents 1 m2/ha and the total 

number of trees is directly the stand basal area (m2/ha). 

With the most common use of a relascope, when the aim is 

to estimate the stand basal area only, the diameters of 

individual trees are not measured. Relascope plots can also be 

used similarly as ordinary circular or rectangular plots. In 

this case, the diameter of every tree which fills the gap of 

the relascope is recorded. Relascope plots of this type can be 

used both in forest inventory and in research. Relascope plots 

are not, however, very good as permanent plots, because the 

trees that belong to the plot change as the stand grows. 

On a relascope plot it is important to check whether the 

boundary trees belong to the plot or not. This is done by 

measuring the distance from the plot center to the tree and 

comparing it to the reference distance. The tree belongs to 

the plot if, 

r < 

where r 
d 
q 

50d//q 

distance from the center to the tree 
diameter at breast height 
basal area factor 

For example, if the basal area factor is 1 and the diameter is 

20 cm, the tree must be nearer than the reference distance 10 m 

for being inside (the reference distance equals (50 x 20 cm)//1 

1000 cm = 10 m). 

On a relascope plot the plot radius is different for 

different diameters: the bigger the tree, the greater the 

radius. This means that the sampling ratio is greater for big 
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trees; the proportion of measured trees is higher for big trees 

than for small individuals. This is an advantage in forest 

and growth are con-inventory, because the volume, value 

centrated in big trees. With the same number of measured trees 

the estimate of most stand characteristics is more accurate 

with relascope plots than with circular or rectangular plots. 

A disadvantage of the relascope plot is that the checking of 

boundary trees is more complicated than with circular plots . 

As said above, the relascope plot can be used as a forest 

stand plot in the same way as ordinary circular and rectangular 

plots. The diameters of all trees are recorded on the field 

form. At least ten sample trees are measured to define the 

dependence of tree height on breast height diameter. 

The results from a relascope plot are calculated dif

ferently than those from circular or rectangular plots, since 

each tree of a relascope plot represents a definite basal area 

per hectare, and not a definite number of stems. Firstly, the 

height curve is prepared from the sample trees. In the second 

stage the total basal area (m2/ha) in each diameter class is 

calculated as follows (see Appendix 2) : 

where Gi 
(m2/ha) 

total basal area of trees in diameter class i 

ni number of counted trees in diameter class i 
q basal area factor (rn2/ha) 

The basal area is converted into number of trees per 

hectare by dividing the basal area of the diameter class by the 

basal area of an individual tree in that class: 

where Ni 
Gi 
gi 

number of trees per hectare in diameter class i 
basal area of diameter class i (m2/ha) 
basal area of one tree in diameter class i (m2 ) 

--
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Otherwise, the computations proceed almost in the same way 

as with the circular or rectangular plot. On a relascope plot 

the results are obtained directly as per hectare values. A 

field and computation form for a relascope plot is presented in 

Appendix 2. 

Probably the most important use of a relascope is the 

quick measurement of stand basal area. This is done by 

multiplying the number of trees that fill the gap by the basal 

area factor of the relascope. This kind of stand measurement 

is called ocular standwise forest inventory. In this inventory 

method the stand volume is obtained from a relascope table 

(Table 2) or calculated by the equation: 

V = FGH 

where V 
F 
G 
H 

stand volume (m3/ha) 
stand form factor (0.44 for E. globulus) 
basal area (m2/ha) 
mean height (m) 

Both methods need the mean height as a second predictor. 

The mean height is usually estimated by measuring the height of 

one or a few trees of average size by using a hypsometer . If 

we have measured a basal area of 24 m2 /ha and estimated the 

mean height as 20 m, the previous formula V=FGH gives a stand 

volume of 211 m3/ha and the relascope table 218 m3/ha (Table 

2) . 

With relascope plots it is common to use medians of the 

diameter distribution as mean characteristics instead of 

averages. The basal area median diameter ( DgM) can be used 

instead of Dg (Dg = mean diameter weighted by basal area) and 

the basal area median height (HgM) instead of Hg. DgM and Dg 

are usually rather near to each other, as are HgM and Hg (HgM 

is usually a little greater than Hg). 
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Table 2. Relascope table of Eucalyptus globulus. 

G 
m2/ 
ha 

6 
8 

10 
·12 
14 

16 
18 
20 
22 
24 

26 
28 
30 
32 
34 

36 
38 
40 
42 
44 

46 
48 
so 
52 
54 

56 
58 
60 
62 
64 

Volume on bark bet._.een s t u mp and t o p <m3/ha J 

Calculated by equation: 

lnlVJ = 0.0904 + 0.6778 • !n(HJ + 1.0274 x lnlGJ 

HlgMJ, m (height COC'C'esponding to median basal at'ea treel 

8 10 12 14 16 

28 
38 
48 
58 
67 

33 
44 
56 
67 
78 

37 
50 
63 
76 
89 

41 45 
55 6"I 
70 76 
84 92 
99 108 

77 90 102 113 124 
87 102 115 128 140 
97 113 128 142 156 

107 125 141 157 172 
117 137 154 171 188 

127 148 168 
·137 160 181 
148 172 194 
158 183 208 
168 195 221 

186 204 
20·1 220 
216 236 
230 252 
245 268 

178 207 234 260 285 
188 219 248 275 301 
198 231 261 290 3"17 
209 243 274 305 334 

254 288 320 350 

266 301 
315 

335 366 
350 383 
364 399 
379 415 

432 

18 20 22 24 26 

49 53 56 59 63 
66 71 75 80 84 
83 89 95 101 106 

100 107 "114 12·1 128 
117 126 134 142 150 

134 144 154 163 "172 
151 162 173 184 194 
169 181 193 205 216 
186 200 213 226 239 
203 218 233 247 261 

221 
238 
256 
273 
291 

237 
256 
275 
293 
312 

253 268 283 
273 290 306 
293 311 328 
313 332 351 
333 353 373 

308 331 353 375 396 
326 350 374 396 418 
344 369 394 418 441 
361 388 414 439 464 
379 407 434 461 486 

397 426 455 482 509 
414 445 475 504 532 
432 464 495 525 SSS 
450 483 516 547 577 
468 502 536 568 600 

486 5~~ ss6 590 623 
503 541 577 612 646 

560 597 633 669 
618 655 692 
638 677 715 

28 30 32 34 36 

66 
89 

112 
135 
158 

69 72 
93 97 

117 122 
141 147 
165 173 

75 78 
101 105 
127 132 
154 160 
180 187 

181 190 198 206 214 
204 214 223 233 242 
227 238 249 259 270 
251 263 275 286 297 
274 287 300 313 325 

298 312 326 340 353 
321 337 352 367 381 
345 362 378 394 409 
369 386 404 421 437 
392 411 430 448 465 

416 436 455 475 493 
440 461 482 502 522 
464 486 508 529 550 
487 511 534 556 578 
511 536 560 583 606 

535 561 
559 586 
583 611 
607 636 
631 661 

586 611 635 
612 638 663 
638 665 691 
665 692 720 
691 720 748 

655 686 717 747 777 
679 712 743 775 805 
703 737 770 802 834 
727 762 796 830 862 
75"1 787 823 857 891 

The basal area median diameter divides the stand basal 

area into two equal parts: the basal area of trees with a 

diameter less than DgM equals the basal area of trees with a 

diameter greater than DgM· Medians have the advantage of being 
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less sensitive than means to exceptionally small and big trees 

(or short and tall trees) of the stand. 

There is a quick method to estimate the basal area median 

diameter in the field without any calculations. The estimation 

is based on the fact that on a relascope plot each tree 

represents the same basal area per hectare. To obtain DgM the 

trees of the plot are arranged into ascending order according 

to diameter. The centermost diameter is the DgM. Basal area 

median height (HgM) is estimated by measuring the height of one 

tree or a few trees having a diameter equal to DgM. For 

example, if the relascope plot contains the following trees, 

Tree Diameter Height 
1. 8 cm 9 m 
2. 9 cm 11 m 
3. 10 cm 12 m 
4. 13 cm 14 m 
5. 17 cm 16 m 

the basal area median diameter is 10 cm and the basal area 

median height is 12 m (3rd tree is the centermost tree). 
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2.4 Inventory in a large area 

2.4.1 Inventory methods 

2.4.1.1 General aspects 

The purpose of forest inventory is to acquire data for 

forestry planning (Fig. 1.1). The inventory can be carried out 

at national level (National Forest Inventory), district level 

or in the forests of one forest owner or association . The 

results of National Forest Inventories are used for calculating 

forest balances (consumption versus growth) and for making long 

term plans concerning, for example, the amount and location of 

forest industry. The data collected in small scale inventories 

are used for making forest management plans for a particular 

area. 

The information acquired in the inventory falls within two 

categories: site characteristics and stand characteristics. 

The first group describes the environmental factors like site 

productivity and accessibility. The site characteristics 

include such parameters as site index, yield class, slope, 

altitude, stoniness and rainfall. Stand characteristics 

describe the tree population and include, for example, stand 

volume, total biomass, stand age, mean height and species 

composition. 

If also the location of forest resources is mapped, the 

inventory is usually carried out within compartments. This 

kind of inventory is called compartment inventory. In the 

compartment inventory the mapping of the compartment boundaries 

is an integral part of the inventory. Correspondingly, the 

compartment map is an important part of the presentation of the 

inventory results. 
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If the inventory is done over a very large area, like over 

the whole country or one province, the exact location of the 

forest resources is not usually mapped. Only the total area, 

total volume, age class distribution, species composition, 

annual growth, etc. in the whole area or within large subareas 

are calculated. 

2.4.1.2 Compartment inventory methods 

There are several ways to carry out the compartment 

inventory. One way is total enumeration where all the trees of 

the compartment are measured. This is, of course, too expen

sive to be applied in large areas. Another way is by ocular 

standwise inventory. In this method the surveyor directly 

estimates the most important characteristics of each compart

ment with the help of relascope, hypsometer, tables and other 

devices. The method is quick but requires a high level of 

professional skill and experience of the inventory team. 

Probably the most common type of compartment inventory is 

sampling. This means that exact measurements are taken but 

over part of the compartment only. The measured trees make up 

the sample. The sample usually consists of circular or 

relascope sample plots. Besides plots, inventory strips can 

also be used (Fig. 2.9). 

Sampling ratio is the ratio 

MEASURED TREES / ALL TREES or 

MEASURED AREA / WHOLE AREA 

The applied sampling ratio depends on the needed accuracy 

and precision of the results, on the heterogeneity of the 
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compartment and on the amount of available time and funds. 

This topic is discussed more thoroughly in Section 2. 4. 2 

(Precision of the inventory). 

A B 

0 0 0 0 

I I I I 
0 0 0 0 

Fig. 2.10. Two different ways to measure a sample in a 
forest compartment. A = inventory strips, 
B = systematic grid of circular plots. 

The sample plots can be distributed over the compartment 

in different ways. One possibility is to measure one large 

plot in each compartment. The shortcoming of this approach is 

that if the stand is not quite homogenous, the plot may not be 

representative for the whole compartment. If we think the 

precision of results only, a general rule is that a large 

number of small plots is better than a small number of large 

plots. However, measuring a large number of plots requires a 

lot of walking from plot to plot. Thus, there exists an 

optimal plot size, which depends on the required precision of 

the results and on the amount of time and funds available. 

The location of the inventory plots can be either sys-

tematic or random. The precision and accuracy of the results 

are usually best if the plots are as far from each other as 

r 
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possible. It is therefore good practice to aim at a systematic 

grid of sample plots. 

2.4.1.3 Inventory methods in a large area 

The methods used in compartment inventory can also be 

applied in large areas. For example, sampling by circular or 

relascope plots are widely used methods. In an inventory of a 

large area the sample may be stratified, which means that the 

sampling is done independently for different parts of the area 

and the results are calculated separately for these subareas. 

A subarea of the stratified sampling is called a stratum. The 

sampling ratio may be different for different strata, depending 

on the homogeneity of the stratum. Examples of strata are 

areas with different stand volume, species composition or stand 

structure. In fact, compartment inventory with sample plots is 

also a form of stratified sampling: each compartment is a 

separate stratum. 

The inventory results can be improved considerably with 

stratification if the variation in stand characteristics 

between the different strata is great compared to the within

stratum variation. Small variation in stand characteristics 

within a compartment thus increases the precision of compart

ment inventory. This is one reason in aiming for homogenous 

compartments in forestry mapping. 

It is also common in large area inventory that the plots 

are grouped into clusters which are located along inventory 

tracks (Fig. 2 .10). The number of plots in each cluster is 

usually such that one cluster can be measured in one day. The 

clustering decreases the accuracy of the results when compared 

to a systematic grid of plots, but the saving of time (less 
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walking from plot to plot) is so great that the method is 

justified. 

The use of remote sensing is more common in large area 

inventory than in compartment inventory. The amount of forest 

resources can be estimated with the help of satellite images or 

aerial photos. Aerial photos are also used in the context of 

compartment inventory, but for mapping purposes only. 

0--0-0-0-0 

I 0--0-0-0 

0 I I 0 

I 0 0 0 

0 I I 0 

I 0 0 0 

0 I I 0 

0-0-0-0 

Fig. 2.10. Examples of clusters used in large area 
inventory. The plots of a cluster are 
usually circular or relascope plots. 

0 

0 

Inventory methods that use satellite images always need 

reference data which are measured in the field. When the 

location of the reference data on the image is known, it is 

possible to calculate~ for example, how the stand volume 

depends on the colors and brightness of the image. Using these 

relationships, the stand characteristics can be estimated for 

different subareas of the satellite image. 

Aerial photos can be used in a forest inventory for 

instance, in the context of stratified sampling. Areas of 

different forest types (the strata) are demarcated on the 

photos, and each stratum is then inventoried in the field by 

using circular plots or some other method. 

_; 
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2.4.2 Precision of the inventory 

2.4.2.1 Confidence limits 

The two following concepts are important in forest 

inventory: the accuracy and the precision of the inventory 

method. Accuracy is the difference between the inventory 

result and the correct value of the characteristic. Precision 

refers to the reliability of the inventory: how sure can we 

be, for example, that the inventoried total volume differs less 

than 10% from the real total volume? 

The following section is for the more advanced reader than 

are the other sections of this manual. Taking this into 

account a reader who is unfamiliar with such statistical 

concepts as standard deviation and confidence limits may prefer 

to skip over this section. 

The precision of the inventory depends on the variation in 

stand characteristics within the inventoried area: the smaller 

the variation, the higher the precision. The increase in 

precision is one reason why it is beneficial to divide the 

inventoried area into homogenous compartments or strata. 

The precision of the inventory can be described by 

calculating the confidence limits of the most important stand 

characteristics. Confidence limits give the range within which 

the correct value of a characteristic falls with a certain 

probability. Confidence limits are calculated from the 

inventory results. For example, in the compartment inventory 

we may have calculated that the stocking is 1600 trees/ha and 

the 95%-c9nfidence limits of stocking are 1400 - 1800 trees/ha. 

This means that the real stocking is between 1400 and 1800 

trees/ha with the probability of 0.95; in 95% of the cases the 

error of inventory result is less than 200 trees/ha and in 5% 

of the cases greater than 200 trees/ha. When we use sampling 
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for estimating the stand characteristics, we cannot be sure 

that the results are correct or even near to the correct 

value, but we can calculate these kinds of ranges which 

describe how near our results are to the correct results with a 

given probability. 

In a typical case, the precision is a little different for 

different stand characteristics; some characteristics can be 

inventoried more reliably than others. Usually the stand 

volume is the characteristics for which the confidence limits 

are calculated when describing the precision of the inventory. 

In calculating the confidence limits the first step is to 

compute the standard deviation of the variable in question. 

The standard deviation is obtained by the formula 

where s = standard deviation 
xi = value of the characteristic in plot i 
x mean of the characteristic calculated from all plots 
n = number of plots 

The standard deviation indicates how much the results of 

individual inventory plots vary around the results of an 

average plot: the greater the variation between plots, the 

greater the standard deviation. 

To calculate the confidence limits standard deviation is 

converted into standard error of mean (sx) which describes how 

similar the results are in different, independent inventories. 

The formula for sx is 

sx s//n 

-·· 

--
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The confidence limits are finally 

where µ 
x 

t 
a 

correct value of the stand characteristic 
the corresponding estimate calculated from the 
inventory results (mean of the inventory plots) 
parameter 
probability that the correct value is outside the 
confidence limits 

The above formula tells that the correct value of stand 

volume or some other characteristic (µ) is usually between x
tasx and x+tasx but there is a probability of a that the error 

is greater than tasx. Parameter t depends on the number of 

plots and the selected probability that the correct value is 

outside the confide nce limits. Parameter t is obtained from 

statistical tables. If the number of plots is great (greater 

than 20) the following values can be used as an approximation 

for t: 

a 

10% 
5% 
1% 

0.1% 

t 

l. 65 
l.96 
2.58 
3.29 

The following example illustrates the calculation of 

confidence limits. We have measured 81 sample plots (n=81) and 

calculated the stand volume for each plot. From these volumes 

we have calculated the mean volume, which is 120 m3 /ha (x = 

120) and 

m3 /ha ( s 

27//81 

the standard deviation of stand volume which is 27 

= 27). The sta ndard error of mean is thus s//n or 

27/9 = 3 (m3/ha). Calculation for the 95% confidence 

limits is required. Thus, a equals 5% and parameter t equals 

1.96. The confidence limits are then 
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120 - 1.96 x 3 ~ µ ~ 120 + 1.96 x 3 or 

114 ~ µ ~ 126 

Thus the correct stand volume is within 114 ... 126 m3/ha with 

the probability of 0.95. This means that we can be rather sure 

that the inventory result is quite near to the correct stand 

volume, that is the precision of the inventory is good. 

2.4.2.2 Number of plots 

The accuracy and precision of the results depend, on one 

hand, on the variation in the stand characteristics between the 

inventory plots and, on the other hand, on the number of plots. 

The accuracy and precision can be affected by changing the 

number of plots. It is therefore useful to know how many plots 

of a certain size are needed for certain accuracy. 

To calculate the number of plots it is necessary to know 

the standard deviation of the characteristic in question 

(usually stand volume). The standard deviation can be obtained 

from previous inventories or it can be estimated in a prelimi

nary survey by measuring some sample plots within the area to 

be inventoried. It must also be decided what is the error 

which can be allowed (denoted by E) and what is the probability 

that the error is greater than E (a). 

needed (P) is then calculated by 

The number of plots 

For example, we require that the error in stand volume is less 

than 10 m3 /ha with the probability of 0. 95 (a = 5%), and we 

have estimated in a preliminary inventory that the standard 
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deviation of stand volume is 27 m3/ha. The required number of 

plots is then 

P = (1.96 x 27 I 10) 2 30. 

The required number of plots is greater in heterogenous 

compartments than in homogenous ones because the standard 

deviation of the stand characteristic is greater in the 

heterogenous compartment. Furthermore, the plot size also 

affects the standard deviation. Therefore, the number of 

inventory plots must be calculated separately for each plot 
"-.__ 

size. Increase in plot size decreases the standard deviation 

and the number of required plots. 

The presented formulae for calculating the confidence 

limits and the number of inventory plots apply to a purely 

random sampling. Usually a systematic location of inventory 

plots gives a higher precision than a random location. The 

results calculated by the above methods thus slightly under

estimate the precision of a systematic sampling and give a 

little bit too high a number of sample plots. 

2.4.3 Inventory by circular sample plots 

2.4.3.1 Field work 

This section describes the compartment inventory system 

used in the UNSO-funded fuelwood plantations in Ethiopia. The 

inventory method has been used to collect data for the Sulula, 

Debre Birhan and Nazret fuelwood plantation forest management 

plans (Pukkala and Pohjonen 1987, 1988a, Pohjonen and Pukkala 

1988). The inventory system is developed for plantation 

forests. It is best suited to even-aged, one-species compart-
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ments. The results can be calculated both manually and by 

computer. 

The field measurements are carried out separately for each 

compartment, which means that compartment mapping has to be 

done beforehand, or combined with the inventory. The inventory 

is done by circular sample plots which are distributed more or 

less systematically over the compartment. If the compartment 

is very narrow, it is enough to walk through it only once in 

the direction of the compartment's longest axis (Fig. 2. 11). 

Usually it is necessary to have two or more walking lines to 

obtain an even spatial distribution of plots. 

Fig. 2.11. Examples of the walking tracks in the 
compartment inventory (solid lines). Plots 
are marked with small circles. 

With a systematic grid of plots the distance between plots 

is calculated as follows 

Dist. /(Area/P) 

where Dist. is the distance between plots (in meters), Area is 

the area of the compartment (in m2) and P is the number of 

sample plots. For example: the compartment size is 27 ha and 

the required number of plots is 25. The distance between the 
.· 
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plots in the grid is /(270000/25) = 104 m. If only one or two 

walking lines are used, it is easier to divide the estimated 

length of the compartment in the walking direction with the 

number of plots in one walking line. 

The distances between plots are measured by counting 

steps. You should therefore know, how many steps you need for 

one hundred meters. The first plot is located at a half plot 

distance from the compartment boundary. The plot is measured 

exactly at the spot where the step count is full. 

Two types of plots can be used: (1) 'diameter plots' where 

the diameter class of each tree is measured, or ( 2) 'height 

plots' where the height class of each tree is determined. 

The number and size of inventory plots depend on the 

within-compartment variation (standard deviation) of the 

measured characteristics (see Section 2. 4. 2. 2). If the 

standard deviation is not known, the following guidelines can 

be used for fuelwood plantations in Ethiopia: 

(1) In a very small compartment (2 ha) 10 plots will suffice, 
in large compartments (over 50 ha) about 20 plots should 
be measured in a very homogenous compartment and 20 ... 50 
plots in more irregular compartments. 

(2) If the average height is less than 1.5 ... 2 m, use 'height 
plots'. Otherwise use 'diameter plots'. 

( 3) In a young stand (height < 3 m) the radius of the plot 
should be in the range of 2 ... 6 m and in older stands 
between 3 and 10 m. 

(4) Use only one plot type in one compartment. 

The radius of a circular plot can vary, but it is recom

mendable to use a constant radius within one compartment. If 

the radius varies, the distance between plots must be propor

tional to the radius of the plot. The radius can be different 

in different compartments. It is recommended that bigger plots 

are used in old stands than in young plantations. It is not 

necessary that the plot area is a whole number. For example, 



48 

it is allowable to use a radius of 5 m if it facilitates a 

quick measurement, even though the plot area is an odd figure 

of 78.54 m2. 

It is quicker to check the boundary trees with a stick 

than with a tape measure. This calls for the use of rather 

small sample plots (radius less than 6 m). It has been found, 

for example, that a plot with a radius of 4 m (area about 50 

m2 ) is easy and quick to measure with a stick. 

In each compartment one field form is filled (see Appendix 

3). It is important to find the correct stand age. The area 

is measured on a map or on an aerial photo using a planimeter, 

area grid or area ruler. The number of measured plots and the 

plot radius must be recorded carefully. 

The number of trees in different diameter or height 

classes is recorded for all plots. If the plot type is 

'diameter plot', 10 ... 20 sample trees are measured over the 

compartment to determine the dependence of height on diameter. 

Trees of all sizes should be included into the sample trees. 

It is especially important to measure a few of the very biggest 

and smallest trees. Sample trees can be measured both inside 

the plots and between them. Sample trees should be measured 

from different parts of the compartment. Abnormal or untypical 

trees are not selected as sample trees. 

It is common that those people who know best the inventory 

system and its theoretical background do not participate in the 

routine field work. In this case they should carefully train 

the inventory crews. The following instructions should be 

taken into consideration by the leader and the supervisor of 

the inventory crew: 

Carefully train the inventory crew. 

Check the quality of the work regularly, especially, the 
correctness of the measurement of boundary trees. The 
measurement of diameter and height should be monitored. 

--
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Make records clear enough in the field so that there is no 
need to copy the field forms or clarify them after the 
field work has finished. Fill all the head-lines of the 
form already in the field. In particular, it is important 
to write the plot radius and the number of plots careful
ly. 

Take care that the locations of sample plots are selected 
objectively. Do not walk along roads or paths. Place the 
plot center just at the point where a certain number of 
steps has been counted. 

2.4.3.2 Calculation of results 

The inventory results are calculated in the same way as 

with the individual forest stand plot (see Section 2.3.2). In 

the calculation all the plots of one compartment are grouped 

together and treated as one big "plot". 

the following steps: 

The computation has 

(1) Make a height model with the help of the sample trees. 

(2) Calculate the tree height in each diameter class . 

(3) Calculate the stem volume and biomass of one tree in each 
diameter class. 

( 4) Calculate the stand characteristics as means or sums of 
the tree characteristics. The sum characteristics are in 
this stage as per hectare values. 

( 5) Multiply the sum characteristics by the area of the 
compartment to obtain the totals of the compartment. 

If the applied plot type is 'height plot' the steps one 

and two are omitted. 

The computer method to calculate the results is described 

in Pukkala and Pohjonen (1987, 1988b) and is not repeated here 

in detail. With the manual calculation the field data, that is 

the sample tree measurements and the number of trees in 

different diameter classes, are first transferred to the FIELD 

AND COMPUTATION FORM OF CIRCULAR OR RECTANGULAR PLOT (see 
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Appendix 1). The total area of the inventory plots is written 

in the computation form as the 'Plot area' (in hectares) 

because in the computation all the sample plots are combined 

into one big sample. The computations are carried out exactly 

in the same way as in a single forest stand plot (Section 

2.3 . 2). The per hectare results are written in the lower right 

corner of the form. The volume per hectare must be multiplied 

by the area of the compartment to obtain the total volume. 

Mean height can be computed in the same way as mean diameter, 

and biomass in ·the same way as volume (although there are no 

columns for these characteristics on the computation form). 

The method described above cannot be used with 'height 

plots'. Since height plots are used in very young plantations , 

only the average height, dominant height and stocking are of 

interest as well as species and age . These characteristics can 

easily be computed without special forms. For example, the 

stocking (N, trees/ha) is obtained by 

Total number of counted trees in the plots 
N 

Total area of the inventory plots (in hectares) 

2.5 Stand measurement for timber sales 

At some time the established plantation will begin to 

produce wood which can be sold, for instance, in the fuelwood 

market. In addition to fuelwood, the plantations often produce 

construction poles, maybe saw logs and telecommunication poles 

as well. The amount of timber to be offered for marketing, 

must be known in advance to calculate the price of wood and the 

income, logging costs and the salary of the loggers. 

The price can be determined on the basis of biomass (dry 

mass is preferable to fresh mass) or on the basis of the 
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stemwood volume. In pole markets, the price can also be 

calculated from the total number or length of the poles, 

i .nstead of volume or biomass, and in fuelwood markets from the 

number of fuelwood bundles of a certain size. The most common 

basis for pricing is stemwood volume. 

The volume of wood to be sold can be measured either in 

the forest when the trees are still growing, or after logging 

when the stems have been divided into timber assortments and 

piled on the roadside. In the former case we speak about the 

standing volume of the compartment. An estimate of the 

standing volume is usually needed even when the final measure

ment is done in a pile or stack on the roadside, because we 

must have a general idea about the amount of timber that can be 

sold. This section describes some possibilities for measuring 

the standing volume of a compartment. 

The first task in measuring standing volume for timber 

sales is to demarcate and mark the area from which the wood is 

coming. The boundaries should be indicated both on a map and 

in the forest. In the forest it is common to use flagging tape 

for this purpose. 

The sold timber can come either from thinning or from 

clearcutting. At least in thinnings, it is common to mark 

those trees that will be harvested. This can be done in 

connection with the measurement or prior to it. The trees can 

be painted for example, with a special marking rod or they can 

be marked with an axe. The mark is usually made at breast 

height. Trees going for different purposes can be marked 

differently, so that the logger can properly prepare the stems 

into different assortments. For example, stems that should be 

prepared for telecommunication poles could be marked with two 

marks and other stems with only one mark. 

The standing volume can be estimated by using one of the 
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following methods ., depending on the purpose of the measurement 

and on the properties of the stand: 

(1) Ocular standwise inventory . 

(2) Compartment inventory with circular sample plots. 

(3) Total enumeration where all trees are measured. 

All these methods have been discussed earlier in this 

manual. If the area to be harvested includes several compart

ments, the standing volume should be inventoried separately for 

each compartment. In thinnings, only trees that will be 

harvested are measured. 

Ocular standwise inventory uses a relascope to obtain the 

stand basal area and a hypsometer to get the mean height. Only 

the marked trees are included in the basal area count. The 

stand volume is obtained from the relascope table (Table 2) . 

The per hectare volume is multiplied by the area of the stand 

to be harvested. 

Compartment inventory is carried out exactly in the same 

way as described in Section 2 . 4. 3, except that in thi.nnings, 

those trees that are left to continue growing are ignored 

during the measurement . It is maybe necessary to use a 

considerably higher sampling ratio to improve the precision of 

the measurement (increase the number of plots or the plot 

size). The results are calculated in the same way as in 

ordinary compartment inventory. 

Total enumeration means that every tree to be harvested is 

tallied separately, by recording the diameter . In this case 

the inventory resembles the measurement of an individual forest 

stand plot (Section 2. 3. 2) . All trees to be harvested are 

first tallied or enumerated. Then at least 10 trees are 

measured as sample trees to obtain the height curve of the 

stand. The field measurements are recorded in the FIELD AND 
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COMPUTATION FORM FOR CIRCULAR OR RECTANGULAR PLOT (Appendix 1). 

The area of the stand or compartment is taken as the plot area. 

The computations are similar as in the forest stand plot and 

they can be done by using the same computation form. The 

results are direct totals of the measured area (Sum A of the 

form in Appendix 1 is the total number of measured stems and 

Sum is B their total volume). 

The selected inventory method depends on the required 

accuracy of the results. Ocular relascope inventory usually 

gives the lowest accuracy and the total enumeration the 

highest. If the purpose of the measurement is to get a rough 

volume estimate only, ocular relascope inventory or compartment 

inventory with a low sampling ratio, are the most preferable 

methods. If an accurate estimate is needed, for example, if 

the result is used as the basis of pricing or salary, total 

enumeration or sampling with a high sampling ratio (great 

number of big plots) should be used. 

The method also depends on the stand properties. It" is 

too expensive and time consuming to measure all the trees i n a 

young coppice stand, where the number of stems is very high . 

In contrast, in an old stand where all the stems go for saw 

logs or telecommunication poles, every tree is so valuable that 

total enumeration is justified, even if the amount of timber 

is measured once again on the road side. 
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3. MAPPING 

3.1 Maps 

3.1.1 Map components 

Map is a graphical expression of a land area. By select

ing a suitable spale it is possible to describe various sizes 

of land areas in a convenient paper image, for instance a large 

forestry area of one region, a fuelwood plantation, or one 

stand in the plantation. The scale of the map expresses the 

relationship between the horizontal distance of two points in 

the field and the distance of the same points on the map. 

Common scales of maps used in forestry are 1:50,000, 1:20,000 

and 1:10,000. 

The distance of two objects in the field can be calculated 

according to the following example: 

Scale 1:20,000 
Distance in the map: 

Distance in the field: 

6.8 cm 

6.8 cm x 20,000 = 0.068 m x 20,000 1360 m 

In principle, all the figures on the map are shown in 

correct scale, but to improve reading some symbols are exag-

gerated. The width of roads and small rivers is wider on the 

map than what the scale would suggest. Some symbols, as with 

springs, nurseries, tukuls, etc. are often shown enlarged. 

An important part of a map is the legend, this explains 

all the symbols used. 

-· 

-· 
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Base map and topographic map 

There are several types of maps. Some show only 

administrative boundaries (for instance Peasant Association 

map), some climatic characteristics (rainfall map of Ethiopia) 

and some vegetational information ( agro-ecological map of 

Ethiopia). For the preparation of a forest management map we 

need a base map which shows the basic information of the area, 

like roads, paths, rivers and villages. The base map can also 

include the most important administrative boundaries. Contour 

lines included on the base map, which describe the terrain, are 

of great help when identifying the location of sites in the 

field and on the base map. For fuelwood plantations, base maps 

in the scale of 1:20,000 have been found most convenient. 

There are two ways of constructing a base map: from a 

topographic map or from aerial photographs. Topographic maps 

show the basic information of the ground, and always the 

contour lines. Special attention has been paid to assure the 

correctness of the horizontal scale. Topographic maps, and 

usually the base maps as well, are produced by the national 

mapping organization, for example the Ethiopian Mapping Agency. 

They are prepared from aerial photographs. 

Ethiopia is completely covered by topographic maps in the 

scales of 1:1,000,000 and 1:250,000, same areas in the scale of 

1:50,000 as well. This last scale provides sufficient informa

tion on roads, paths, rivers and contours. A standard 1:50,000 

topographic map shows a coordinate grid at one kilometer east-

west and south-north intervals. 

by the grid equals 100 hectares. 

Therefore, each square formed 

If the desired scale of the forest management map is 

1:20,000, the 1:50,000 topographic map must be enlarged. This 

can be done by the mapping agency or by some printing agencies. 
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If a map with an approximate scale is enough, the map can be 

enlarged with a good quality photocopier. 

3.1.3 Aerial photographs 

Aerial photographs are available in the Mapping Agency of 

every part of Ethiopia. They have been mostly photographed in 

scales of 1:50,000 or 1:30,000. Usually the aerial photos have 

been prepared as stereopairs, which means that the ground areas 

of adjacent photographs overlap by about 60 per cent. 

Aerial photos are used in the preparation of both base 

maps and topographic maps. They are also commonly used in the 

preparation of forest management maps, where they are of great 

help in compartment demarcation and mapping, especially when 

compartments with different stand characteristics can be seen 

in the photo. Also other forestry objects like forest roads 

and firebreaks are visible in good quality aerial photos. 

In many countries it is common practice to order a new set 

of fresh aerial photos prior to the compartment mapping and 

forest inventory. This assures a high quality forestry map and 

also helps in the compartment inventory. 

There are four types of aerial photos that can be used in 

forestry mapping: 

- ordinary panchromatic photos 

- panchromatic infrared photos 

- ordinary color photos 

infrared color photos 

The concept panchromatic refers to a black and white photo. 

Infrared means that the film used in the camera is sensitive to 

infrared radiation, in addition to the visible light. This 

_. 

---
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trait improves the identification and demarcation of different 

tree species and vegetation types. 

Satellite images are prepared continuously by inter

national agencies and their use in forestry will become more 

important in the future, also in Ethiopia. 

3.1.4 Forest management map 

A forest management map is prepared 

forestry elements into the base map. The 

by incorporating 

most important of 

is the smallest A compartment them is the compartment. 

forestry management unit. Often the compartment is identical 

to the forest stand, but not necessarily. Whereas the forest 

stand is more or less a biological concept, the compartment is 

a technical management concept. One large, uniform forest 

stand can be divided into two or more compartments and each of 

them may be managed differently, if for instance the acces

sibility of these two compartments is different. 

The principle in compartment demarcation is to form 

suitable management units. Forest compartments should there

fore be homogenous sub-areas. Change in one or several of the 

following characteristics can separate one compartment from its 

neighbor: 

site quality (tree growth rate) 
species composition 
stand age 
management target (like growing for fuel or growing poles) 
stand density 
regularity of the stand 
slope and aspect (like level plateau, southern slope, 
western slope, valley bottom, top hill) 
accessibility (roads from different directions) 
administrative boundaries 

The trees inside one compartment should develop into a 

homogenous forest which can be managed similarly in the future . 
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If the site quality or any of the stand characteristics changes 

inside the compartment, the management cannot be similar in all 

subareas in the long run . In addition, the inventory data from 

such compartments has a big variation which decreases the 

precision of the inventory and the growth prediction. 

A difference of one or two years in the stand age is not 

as an important compartment demarcation criterion as the 

homogeneity in growth. As the stand develops for a few years 

away from its sapling phase, the size differences due to small 

differences in age, may disappear under the normal growth 

variation inside the stand. In fuel wood plantations regular 

beating up for two years after planting further increases the 

age variation within the compartment. 

The boundaries of compartments should follow as much as 

possible, the natural boundaries of the terrain or other 

clearly visible objects, like 

rivers 
tops of hills and ridges 
valley bottoms 
gullies 
roads 
firebreaks 
electric transmission lines 

Following such lines the compartments can sometimes be 

demarcated in the field and drawn onto the forest management 

map already before the planting phase . The compartment 

boundaries are thus, checked and updated after planting, maybe 

in connection with the first compartment inventories when the 

site quality and the variation in stand properties can be seen. 

A compartment is drawn on the forest management map with a 

clearly visible, continuous line . The compartment number is 

marked inside the boundaries . The other symbols which the 

forest management map may contain, in addition to the basic 

information of the base map, include block boundaries (compris-
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ing several compartments), nurseries, forest roads, firebreaks, 

water points and fire towers. 

Compartment size in fuelwood plantations varies from a few 

hectares up to 100-200 hectares. For example, the average 

compartment size in the Debre Birhan fuelwood plantation was 22 

ha in the areas planted during 1984-1987 (Pukkala and Pohjonen 

1988c) and 27 ha in the Nazret fuelwood plantation in the areas 

planted during 1984-1988 (Pohjonen and Pukkala 1988b). A 

practical lower limit in the compartment demarcation could be 

about 10 hectares. Management is always easier with compart-

ments of a reasonable size. Scattered compartments of only a 

few hectares make the inventories and the planning of the 

harvests laborious. It is therefore recommendable to aim for 

big compartments when planning new plantations. These compart

ments may later be divided into two or more units if the 

compartment does not develop homogeneously. 

Thematic map is a variety of the forest management map 

that shows the compartments in different colors or in different 

shadings. The theme which differentiates the compartments may 

be planting year, dominant species or proposed treatment. In 

computerized map drawing various thematic maps are commonly 

produced for the forest management plan. 
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3.2 Methods of preparing the forest management map 

3.2.1 Chain survey 

3.2.1.1 Field work 

By chain survey (also called closed traverse), the 

location of the compartment boundaries is measured in the field 

and transferred to the forest management map. The following 

instruments are needed: 

- compass 
clinometer or hypsometer 

- measuring tape 
- ranging poles or surveyor's poles 
- pegs 
- photocopy of the base map 

A compass is needed to record the bearings of the compart

ment sides. A clinometer is used for measuring the angle of 

the slope. The angle is expressed either in degrees ( 0 
) or 

in percentages ( % ) • A hypsometer, used in measuring tree 

heights, also contains a scale for slope measurements. A 

measuring tape, made of metal or plastic, is needed to measure 

the lengths of the compartment sides. A ranging pole is a thin 

pole, usually 2 meters long, with a pointed end that is easily 

forced into the soil. A ranging pole can be painted with bands 

of bright colors to facilitate sighting. Pegs are metal or 

wooden sticks which are needed with a tape measurement in order 

to locate the tape ends at long distances. 

The following description of the progress of the chain 

survey is based on exercises held in the Training Course at the 

Debre Birhan Fuelwood Plantation (Olsen 1987). 

The first task in the field is to walk around the compart

ment and mark the compartment corners with flagging tape, so 

2 
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that they are clearly visible at the measurement stage. The 

measurements of the actual chain survey are done with a crew of 

two surveyors. They are called the frontman and the rearman. 

The chain survey is started by choosing a fixed point on the 

map, for example the crossing of a road and a river (Fig. 3.1). 

This point will be the first station, station A (a station is 

the starting point of each line). 

COMPARTMENT 57 

378m 

Fig. 3.1. Chain survey. 

B 

I 
I 
I 
1245m 
I 
I 
I 

~270° 

In the beginning, the rearman stands at station A, whereas 

the frontman has moved to a location between stations A and B. 

For each tapelength the f rontman measures the slope and notes 

it onto the field form (see next page and Appendix 4). After 

arriving at station B, the team proceeds to station C and D and 

onwards until the starting point, station A, is reached again. 

The compartments are sketched onto a photocopy of the · base map 

during the measurement. If some sides of the compartments are 

already on the base map (roads, rivers, etc. ) it is not 

necessary to measure the bearings of these sides (Fig 3.2). In 

3 - Silva Carelica 13 
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some cases the measurement of the side length is not necessary 

either. The use of base map objects as compartment boundaries 

speeds up the chain survey considerably. In addition, it 

usually improves the accuracy of the compartment map. 

\ 
\ 
I 
I 
I 
I 
( 
I 
\ 

Bearing unnecessary 
(length is enough) 

Bearing and 
length 
unnecessary 

Bearing a;d length- - -
unnecessary (for checking 
purposes only) 

I 
D I 
j 

I 

c 

I 
I 

1 Bearing 
I and length 

1 necessary 

Fig. 3.2. The required field measurements of chain survey 
in different cases. 

The best check of the accuracy of the chain survey is to 

close it, this means to come back to the starting point when 

the compartment is drawn to the base map. If the compass 

bearings, slope corrections and distances are measured 

accurately, the traverse will be closed also on the map. 

To increase the accuracy in the field measurements the 

following points should be kept in mind: 

- The compass bearings are to be read accurately 
- The tape measure is to be kept tight · 
- Pegs should be used with sides longer than the tape 
- Corners (stations) should be as few as possible 
- Sides should be as long as possible 
- Sides should join as much as possible with objects 

that are visible on the base map 
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3.2.1.2 Drawing the map 

Before the field measurements can be transferred onto the 

map, the slope correction of the measured distances must be 

calculated. Slope correction is needed due to the fact that 

the maps always show the horizontal distances, whereas the 

distances in the field are measured on the surface. The 

steeper the slope is, the bigger is the slope correction. The 

principle of slope correction is depicted in Figure 3.3. 

A 

A Horizontal distance 
C Ground (surface) distance 
a Slope angle (degrees, 0

) 

Slope% = 100· (B/A) = lOO•tana 

A = C • cosa 
A= C • (1//(l+(Slope%/100)2)) 

Fig. 3.3. Slope corrections . 

B 

The slope correction factor is the cosine of a if the 

slope is given in degrees, or the formula l//(l+(Slope%/100)2) 

if the slope angle is given in percentages (see Fig. 3 . 3). 

Sometimes the slope correction factor has been tabulated on the 

backside of a clinometer or hypsometer. 
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The field measurements are drawn onto the base map in the 

same order as they were done in the field. First a line from A 

is drawn towards station B using compass and the measured 

bearing. Then the corrected map distance is measured along this 

line to obtain the location of station B. The same is repeated 

with the line B-C, C-D and so on until the last station (F in 

the example) is reached. 

GRAPHICAL METHOD FOR CLOSING A GAP 

Look at the example in Fig. 3.4. First station 
is A, last F. A gap is the line from F to A. 

1. Draw a small line starting from each station 
parallel to line F-A and in the direction of 
the gap (downwards in the example). 

2. Make a table of cumulative map distances from 
station A to other stations up to F. 

3. Mark cumulative distances on a straight line 
using the map scale. 

4. At endpoint F draw a line (horizontal in the 
example of Fig. 3.4) with a length equal to gap 
F-A. 

5. Connect the end of this line (F') to station A. 
From each station B, C, D, etc. draw a line 
parallel to F-F' to the new line. Mark the 
crossings with B', C', D', etc. 

6. The short lines B-B', C-C', etc. represent the 
distances that each station has to be moved in 
the original drawing. Mark these distances on 
the short lines made in step 1. 

7. Connect the new stations B', C', D', etc. to the 
starting station A. The gap is closed. Erase 
the original lines. 
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distances 
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D D' 

E E' 

F ........ --.... F' 
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Fig 3.4. Closing the gap (Olsen 1987). 
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When transferring the chain survey results onto the map, 

it often happens that there is a gap: the end point does not 

join the starting point. Provided all the possible drawing 

errors have been checked and corrected, this difference can be 

eliminated with a method called closing a gap (Fig. 3.4). It 

should be done whenever the closing error is notable. 

Closing the gap is based on the assumption that the 

closing error can not be attributed to any particular fault in 

the survey. Instead, it is an accumulation of small errors 

arising during the work. The total error should therefore be 

distributed to each side of the compartment in relation to 

their lengths. Closing the gap is most conveniently done 

graphically (Fig. 3.4). 

3.2.2 Ocular compartment demarcation 

Compartment demarcation can be done ocularly if the 

following conditions are met: 

good quality base map with contour lines is available at a 
suitable scale, 

contour lines are accurate and they can be easily iden
tified in the field, 

plantation site is still open a~d the planted stands can 
be recognized from hilltops, ridges or opposite slopes, 

the base map contains plenty of objects that can be 
identified in the field (roads, path, rivers, gullies, 
lakes, telecommunication lines, houses, tukuls, etc.). 

Ocular compartment demarcation is a quick field method to 

provide an estimate of the planted areas and to prepare the 

first forest management map. Ocular compartment demarcation 

requires an experienced surveyor. It is usually not as 

accurate as the chain survey. If any of the above mentioned 

conditions are not met, the compartment demarcation should be 
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done with the chain survey method. If fresh aerial photographs 

are available it is always better to base compartment demarca

tion on them. 

Ocular compartment demarcation is started by viewing over 

the planted areas from the highest peaks, ridges or from 

opposing slopes. Following the information on species composi

tion and planting year, the first sketch of the compartments is 

drawn onto a photocopy of the base map. Rivers, gullies, roads 

and visible field objects should be used as much as possible in 

identifying the compartment boundaries. Especially important 

is learning to understand and use the contour lines. The size 

of one hornogenous compartment is aimed to be in the range of 

20-50 hectares. 

In the next phase the compartment boundaries and the edges 

of planted areas are checked by walking through or around the 

unclear compartments. If there are clearly visible site class • 

differences in the stand, the compartment boundaries are 

changed to follow the site classes. If needed, a compartment 

can be divided to suit the requirements of homogeneity. The 

compartment size should not, however, in a normal case fall 

under 5 ha. 

In the third phase the checked compartment boundaries are 

drawn onto the master copy of the base map. Other forestry 

objects like forest roads, firebreaks, water posts and nur

series are added to the drawing at this point. Finally the 

titles are written and the legend of the map is drawn. The 

master copy is ready for printing or duplication. 
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3.2.3 Use of aerial photos 

If fresh aerial photographs are available the compartment 

demarcation can be done straight onto an aerial photo, which 

has been developed (often enlarged) to the scale of the forest 

management map. If the stands are visible in the aerial photo, 

this is the quickest method to prepare the forest management 

map. If both good aerial photos and accurate base map are 

available, this is also the most precise method. 

The forest management map is prepared in four steps as 

follows. The compartment boundaries are first demarcated on 

the photo. The second step is to check the compartment 

boundaries in the field , usually by ocular means, using a copy 

of the base map and the aerial photo. All the corrections are 

added onto the aerial photo. In the third step a transparent 

paper is placed on the base map and the most important objects 

(roads, rivers, etc.) are copied onto the transparency. In the 

fourth step the transparency is placed on the aerial photograph 

so that the objects on the photo and transparent paper match as 

well as possible. The checked compartment boundaries and other 

forestry objects are transferred to the transparency. The map 

title and legend are added. The forest management map can then 

be copied from the transparency and printed. 

If there is no base map available, the roads, rivers, etc. 

must also be copied from the aerial photo. In this case the 

map will not be as accurate as with the combined use of base 

map and aerial photos or with the method of chain survey. This 

is due to the inaccuracy of the aerial photograph itself. The 

scale of the photo is the most accurate in the center decreas

ing towards the edges. When photographing mountainous areas, 

such as highland plantation sites in Ethiopia, mountain slopes 

in the photos are inaccurate, especially if the airplane has 

flown low. Part of these inaccuracies can be corrected using 
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the interpretation of stereopairs. This is done routinewise as 

the topographic maps are prepared, and it should also be done 

if an accurate forest management map is to be prepared from 

aerial photos. 

3.2.4 Updating and revision of the forest management map 

The management map is a forest manager's tool which he 

uses continuously, both in the field and in the office. The 

aim is to prepare it as accurately as possible from the very 

beginning. Sometimes, especially in the early phases of the 

plantation establishment, it happens that the first compartment 

demarcation is not successful. Further growth of the es

tablished stands may reveal differences in the site class which 

should be used for separating the compartments. Need for 

revision of the forest management map may also arise from newer 

base maps and fresher aerial photos. In a way the forest 

management map is never ready: new forest stands are planted, 

forest roads are built and firebreaks opened. 

In the early phases of the fuelwood plantation establish

ment, the forest management map should be regularly updated and 

revised. New plantation areas are incorporated onto the map, 

and the boundaries of the old compartments are checked. 

Revision of the compartment demarcation is best done combined 

with the compartment inventory, but the forest manager should 

always correct her or his map when he finds such need in the 

field. 
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4. GROWTH PREDICTION 

4.1 Site classification 

In forest management we must almost invariably predict the 

future development of the stand. We are often confronted with 

such questions as, "What is the volume production of the 

plantation now?", "What will be the stand volume after 5 

years?", "How does the thinning affect the volume production?", 

"How does the volume develop if the management plan is imple

mented?" or "Which of the alternative management options gives 

the highest production?". In fact, the prediction of the 

future stand development is a necessary prerequisite of forest 

management planning. The growth can be predicted with the help 

of yield tables and various growth equations. 

The productivity of forest land varies greatly with site 

properties, altitude, rainfall and nutrient content of the 

soil. This means that, for making accurate growth predictions, 

separate yield tables are needed for good, average and poor 

sites. The use of separate yield tables presupposes a system 

for recognizing the site productivity. 

must be some site classification system. 

In other words, there 

The most obvious way to assess the site quality is to 

derive it directly from the factors which determine the land 

productivity: from soil properties, altitude, etc. However, 

this approach has not been successful because the dependence of 

productivity on the site factors is poorly known and some of 

the site factors are too difficult to measure. 

It is also possible to use, for example, the volume 

increment during a certain period of time or the total volume 

at a certain age as the site quality index. The shortcoming of 

this method is that many factors other than site affect volume 



71 

growth, the most important of these being the stocking, past 

cuttings and various damages in the stand. 

It has been found that the growth of the dominant height 

reflects the site productivity. The dominant height is, at a 

given stocking, closely related to volume growth, but it is not 

affected by stand density as much as is the stand volume. For 

these reasons, it has become a standard practice to express the 

site quality in terms of age and dominant height. Such a site 

classification system has been created for the Ethiopian 

Eucalyptus globulus plantations . The system is different for a 

seedling stand and coppice stand because of the differences in 

the growth dynamics of different rotations. 

The height development of different sites is based on the 

so-called guide curve. The guide curve shows the average 

development of the dominant height in all stands or in a medium 

site class (Fig. 4.1). The boundaries between the site classes 

were in this case, obtained by multiplying the guide curve by 

constants; at any age the dominant height at the boundary is a 

constant proportion of the value indicated by the guide curve. 

The result is a curve family showing the boundaries between 

classes (Fig. 4. 2) . The curves presented in Figure 4. 2 have 

been calculated by multi plying the guide curve by constants 

1.1, 0.9 and 0.7. 

The site productivity classes illustrated by the age and 

dominant height, are simply called site classes and named as 

site class 1, site class 2 and so on, starting from the best 

site. Another way to express site productivity is to use 

dominant height at a certain age as a site quality indicator. 

In this case we speak about site indices. For example, if 20 

years is selected as the reference age, site index 30 means 

that the dominant height of the stand is 30 m at 20 years of 

age. Site index 25 means that the dominant height is 25 meters 
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at the age of 20 years, indicating a somewhat poorer site 

quality than the previous one. 
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Fig. 4.1. Guide curve of Eucalyptus globulus seedling 
stands in the central highlands of Ethiopia. 

It is also possible to convert the site class or site 

index into a yield class. If we know that the mean annual 

increment (MAI) in site class 1 is 20 m3 /ha, if the optimal 

rotation length and a certain thinning regime are followed, we 

can call the site as yield class 20. ~he yield class shows 

directly the site productivity in terms of the maximum mean 

annual volume growth. 
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Fig. 4.2. Site classes for Eucalyptus globulus. 
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Both the system based on age and dominant height, and the 

yield class method are species and rotation (seedling or 

coppice) specific. This means that separate classification is 

needed for each tree species as well as being separate for 

seedling and coppice stands. The yield class system is also 

specific for initial stocking, thinning practice and other 

treatments affecting wood production. For example, yield 

classes which are based on an initial stocking of 3000 trees/ha 

cannot be used if the initial stocking is only 1000 trees/ha. 

Thus, the yield classes do not describe the site productivity 

only, but the combined effect of site, stand density and 

treatments. 

Because yield classes and the corresponding yield tables 

show directly how the stocking and treatments affect produc

tion, they can be used as silvicul tural guides for selecting 

the best treatment schedule for the stand. The drawback of 

this system is that each different treatment regime needs are 

separate yield table, which means that the required number of 

tables is high. 

4.2 Methods of growth prediction 

4.2.1 Yield tables 

There are several methods to predict the growth and the 

future development of the stand. Usually, the first method 

that a country's forest research produces is the yield table 

method. A yield table shows the development of the most 

important stand characteristics, such as dominant height, 

average diameter, stocking, volume, mass and removal. Because 

site, tree species, rotation (seedling or coppice), thinnings, 

fertilization and other treatments affect growth and stand 
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characteristics, there should be a separate yield table for 

each site class, species, rotation, and for each treatment 

regime. 

The yield table is the simplest tool for predicting the 

future development of the stand. It is easy to use in the 

field and in manual computations. If there are yield tables 

for different treatment schedules, the tables can also be used 

for comparing timber outputs associated with different treat

ment alternatives. 

The yield tables presented in Appendix 5 show the average 

development of Eucalyptus globulus stands, as observed in 

Ethiopia. Thus, they indicate the actual average stand 

conditions in different site classes. When constructing the 

tables it was assumed that no site preparation except pitting 

will be done in the seedling establishment phase of the stand. 

The weeding is done two or three times within a circular area 

around each tree (diameter of the circle is about 75 cm). It 

is further assumed that the initial stocking of the seedling 

stand is about 1500 ... 2000 trees/ha. As stated above, new 

tables are needed for other initial stockings, and for sug

gested thinning practices. Also, if the site preparation and 

weeding are more intensive, the initial growth rate of the 

stand is essentially better than the table would suggest. 

According to the yield tables in Appendix 5 the volume 

growth (CAI) of a seedling stand is most rapid at the age of 10 

years. The mean annual increment (MAI) is at a maximum at the 

age of 18 or 19 years. This rotation length thus, gives the 

maximum wood production in a seedling stand. The maximum 

annual increment is 44 m3/ha in site class 1, 29 m3 in site 

class 2, 17.5 m3 in class 3 and 9 m3/ha in class 4. The branch 

and leaf masses represent a rather small proportion of the 

total dry mass. 
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In a coppice stand the volume and mass growth are rapid 

already during the first years because of the great number of 

stems and the already existing root system. The greatest 

annual growth occurs 8 ..• 10 years after coppicing. The mean 

annual increment reaches its maximum 5 years earlier than in a 

seedling stand, at the age of 14 years. A typical feature of 

the coppice stand is that the leaf mass is almost constant 

during the whole rotation. The tables presented in Appendix 5 

show only the net growth of mass and volume (gross growth minus 

mortality and cuttings). 

Because there are no other tables available for predicting 

the development of future growth of the eucalyptus fuelwood 

plantations in Ethiopia than those presented in Appendix 5, 

they must be used for g. globulus stands which are different 

from the tables. The tables can also be used as an approxima

tion for eucalypts other than §. globulus, but not for other 

species. If the other eucalypt species grows slower than §. 

globulus, the site class is reduced correspondingly. For 

example, in a particular site an Eucalyptus globulus stand may 

fall into site class 2 but g. camaldulensis into site class 4, 

on the basis of age and dominant height. When site classes are 

used in this manner, they do not express the site productivity 

only, but the combined effect of site and tree species. Thus, 

the use is near to that of yield classes and the corresponding 

yield tables. 

When the stocking deviates much from the yield table 

value, a correction method is needed to predict the stand 

growth with the help of yield tables. The table is made for a 

fully stocked stand. The growth prediction is not usually 

increased if the stocking is higher than the table value. This 

is because after a definite stand density the volume growth of 

a stand is to a high degree independent of stocking (Fig. 4.3) . 
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In an understocked stand the growth estimate obtained from the 

table is corrected to a lower level. 

Volume growth 

70-% 
stocking 

100-% 
stocking 

Stand density 
(Basal area or number of trees/ha) 

Fig. 4.3. Dependence of volume production on stand 
density. The relationship is not valid in a 
very young stand where it is more linear. 

The following pages give some guidelines on how the growth 

prediction can be corrected if the stand does not correspond to 

the yield table. The instructions are rough approximations and 

the obtained growth estimates are thus rather inaccurate, but 

considerably better than without any corrections. 

The growth of the dominant height can be taken directly 

from yield tables and with normal stockings, also the growth of 

mean diameter and mean height . With higher stockings the 

values of mean characteristics decrease with increasing stand 

density but there are no simple methods for calculating the 

correction. 

The growth of sum characteristics should be corrected on 

the basis of stand density. It is possible to use teither stand 

basal area or number of stems per hectare as an indicator of 

stand density. The stand basal area is the better alternative, 

especially in older stands (mean height over 7 m), since small 
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and insignificant trees do not affect it as much as they affect 

the number of stems. 

The following notation is used in the explanation of the 

correction procedure (the word actual refers to the stand the 

growth of which is being predicted): 

CF Correction factor due to understocking 

Sa Actual stand density (stand basal area or number 
of stems/ha) 

St Stand density in the yield table corresponding to 
site class, rotation and age of the actual stand 

VP Present stand volume of the actual stand 

Vf Final stand volume in the actual stand (present 
volume plus volume growth) 

Vpt Present stand volume according to the table 

Vft Final stand volume according to the table 

The procedure for obtaining the growth estimate and the 

final volume varies according to the difference between the 

actual stand density and that of the yield table: 

1st case: The actual stand density and stand volume are near 

to the yield table value (difference less than 5 ... 10%). The 

growth and final volume are obtained directly from the table: 

2nd case: The stand density is different and more than 70% of 

the yield table value. The growth is the same as in given the 

table, but the final volume is different: 

The expression in the parenthesis is the volume growth accord

ing to the yield table. 
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3rd case: The stand density is less than 70% of the yield 

table value. The growth is corrected due to the understocking: 

The correction factor CF is calculated by (0.7 refers to 70%

stocking): 

CF = Sa I (0.7 x St) 

Example: The present stand volume is 100 m3/ha (Vp) and the 

present stand basal area is 12 m2/ha (Sa)· The corresponding 

values in the yield table are 180 m3/ha (Vpt) and 22 m2/ha 

(St)· The correction factor is 

CF 12 I (0.7 x 22) 0.78 

If we are interested in the volume of the actual stand after 2 

years from the present, we first take the stand volume from the 

table at a an age two years greater than the present age (Vft) 

and then calculate the final volume of the actual stand (Vf). 

If Vft is 240 m3/ha, then 

vf = 100 + 0.78 x (240-180) = 147 

The growth of biomass is estimated in the same way as the 

volume growth . 
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4.2.2 Growth models 

As can be seen from the previous examples, the use of 

yield tables can be quite cumbersome. To avoid complicated 

corrections there should be a separate yield table available 

for every stand density and treatment regime. Usually this is 

not the case, which means that the use of yield tables may be 

difficult and may introduce errors in growth predictions. If 

the growth estimates are used for comparing different manage

ment alternatives, the comparisons are only possible among 

those few alternatives which are presented in the yield tables. 

An additional shortcoming of yield tables is their poor 

compatibility with a computerized calculation, since they 

usually cannot be expressed as equations. 

Another possibility is to use models in the growth 

prediction that are expressed as equations, instead of tables. 

There are four different growth prediction methods available 

which are based on one or several equations: 

(1) Stand growth models 

(2) Single-tree growth models 

(3) Models for predicting the temporal development 
of diameter distribution 

(4) Transition matrix model (not discussed here) 

The stand growth models express the increase in stand 

volume or in some other stand characteristics, as a function of 

site and the present stand characteristics (age, dominant 

height, stand basal area, etc.). Stand growth models are much 

more flexible than yield tables. However, a drawback is that a 

separate model is needed for each characteristics (or at least 

for many of them) . With several models there exists a risk 
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that different stand characteristics are illogically related to 

each other. 

These drawbacks can be best avoided by using single-tree 

growth models. They express the increase in breast height 

diameter or height of a tree as a function of the present 

diameter and height, site class, stand age, stand density, etc. 

The use of single-tree growth models presupposes that the 

diameter and height of each tree, or the number of trees in 

each diameter class are known. The growth is calculated by 

estimating diameter increment with one model, and heigl:).t 

increment with another model. The increments are added to the 

present dimensions, after which the stem volume and biomass 

corresponding to the new diameter and height are calculated. 

All the stand characteristics (dominant height, means, 

volume, stem biomass, etc.) can be calculated from the incre

mented tree dimensions without additional models. This means 

that only two growth models, one for diameter and one for 

height, are needed to predict the development of a great number 

of stand characteristics. There is no risk of different stand 

characteristics being illogically related to each other. 

The use of single-tree growth models is by far the most 

flexible and advanced way to predict the stand development. 

With single-tree models it is possible to predict the growth of 

quite different stands and to examine, for example, how the 

stand density and thinning method affect the production. The 

shortcomings are that good single-tree models are rare at the 

moment and their preparation needs plenty of time-consuming 

measurements, usually on permanent or semipermanent sample 

plots. Another disadvantage is that the number of calculations 

for the growth prediction is so high that a computer is needed. 

The third growth prediction method is the prediction of 

temporal change of diameter distribution (Fig. 4.3). In this 

method the diameter distribution is described with a theoreti-
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cal function, which is usually Weibull distribution or beta 

distribution. Using the relationships between stand charac

teristics it is possible to derive the diameter distribution 

from dominant height and stocking. This method has special 

importance in Ethiopian fuelwood production because the yield 

tables of Eucalyptus globulus were calculated with this method 

( Pohj onen and Pukka la 19 87 ) and in the forest management 

planning system described by Pukkala and Pohjonen ( 1987) the 

growth is predicted using this method ( Pukkala and Pohjonen 

1988c, Pohjonen and Pukkala 1988b). 

Frequency 
(trees/ha) 

Diameter (cm) 

Fig. 4.3. The principle of using theoretical diameter 
distribution in growth prediction. The 
distribution corresponding to a certain age is 
calculated from dominant height and stocking. 
The rest of the stand characteristics are 
derived from the diameter distribution. 

In the yield models of ~. globulus the beta function was 

used to describe the distribution of stems in different 

diameter classes: 



f(d) 

where f(d) 
d 
c 
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frequency (number of trees) of diameter d 
diameter 
scaling factor to obtain a specified total 
number of trees 
minimum diameter 
maximum diameter 
parameters 

The parameters a and -c: of the beta distribution can be 

calculated from the mean diameter and the standard deviation of 

the diameter. Parameters a and -c: affect the shape of the 

distribution (Fig. 4. 4) . For calculating the diameter dis-

tribution at a given age, we need models for stocking, mean 

diameter, Drnin, Drnax and the standard deviation of diameter 

distribution. It is assumed that the development of dominant 

height follows the curves made for the site classification 

system (Figs. 4.1 and 4.2). 

The calculation of stand characteristics from the diemeter 

distribution has the following phases: 

( 1) Divide the range in diameter variation ( Drnax-Drnin) into 
classes and take the class-midpoint tree to represent each 
class. 

( 2) Calculate the number of sterns in each diameter class by 
using the theoretical distribution (beta or Weibull). 

(3) For each class-midpoint tree, calculate the tree charac
teristics: height, volume, stern mass, branch mass and 
leaf mass. 

( 4) Calculate the stand characteristics as means or sums of 
the tree characteristics. 

The growth prediction method based on the temporal change 

of diameter distribution is not as flexible as that based on 

single-tree growth models. The beta and Weibull functions, 

even if quite flexible, cannot describe all types of stands. 

For example, the method is not well suited for growth predic

tion of two-storey or multi-storey stands. The advantage of 

the method is that all the models which are needed in the yield 
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prediction can be computed from temporary sample plots that can 

be measured rather quickly. 

Frequency 
1 

0 

2 3 4 5 

25 Diameter, cm 50 

Fig. 4.4. Examples of beta distribution with varying 
parameter values. The parameters of different 
distributions are as follows: 

Distribution 
1 
2 
3 
4 
5 
6 
7 

a 
-0.5 
0.5 

-0.2 
1.0 
1.0 
4.0 
0.5 

3.0 
2.0 

-0.1 
1.0 
0.3 
2.0 

-0.3 

Dmin 
1 
5 

12 
10 

7 
20 
15 

Dmax 
20 
25 
40 
30 
35 
50 
43 
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5. FOREST MANAGEMENT PLANNING 

5.1 Introduction 

5.1.l Elements of forest management planning 

The task of forest management planning is to find the 

correct way to treat the forest. Forest management planning is 

based on the existing forest resources on the one hand, and the 

goals or objectives of the wood production, on the other hand 

(Fig. 5. 1 ) . Forest resources consist of the land area which 

can be used for wood production and the present growing stock 

in this area. There are also other resources than the forest 

which affect management planning, especially in the implementa

tion phase of the management plan . Most important of these are 

money, manpower and infrastructure. The infrastructure 

includes such things as roads, buildings and the administration 

(organizations) of the region. 

A 
AAA 
AAA 

AAAAA 

II 

0 

000 
000 

0 

II -------------

Forest resources 

Inventory data 

Objectives 

Plan 

Models 

Fig . 5.1 . Elements of forest management planning. 
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The objectives are stated separately for each forest area 

and for each planning situation. A common objective, 

applicable within a reasonably large area (country or dis-

trict), is that the use of forests must be sustained. This 

means that the present cutting practice does not reduce the 

harvests in the future, or that the harvests do not exceed 

growth. 

The information about forest resources is obtained in 

forest inventory. In addition to inventory data, the manage-

ment planning system uses models - yield tables, growth models, 

thinning models, etc. - as a data source (Figs. 1.1 and 5.1). 

Forest management planning concerns different time 

periods. Long-term planning covers rather long time periods, 

maybe 10 ... 20 years, and is rather strategic in nature. The 

strategic planning is not as restricted by the existing 

resources and situation as is management planning with a 

shorter time span. The planning of an entire fuelwood planta

tion project is an example of long term planning. An example 

of the output is the project document of the fuelwood planta

tion. The planning of a whole plantation forestry project is 

described for instance, by Fraser (1984). 

The long term plan or the project document gives the 

general frame and sets part of the targets for the medium-term 

planning. The preparation of a forest management plan is an 

example of medium-term planning. The results of the management 

plan, that is the treatment proposals and harvesting targets, 

are used in short-term planning or in the implementation of the 

management plan. Short-term planning is more technical and it 

is done within the existing monetary, labor and other resour

ces. The output of short-term planning consists of work plans, 

budgets, time tables, etc. 

The different planning levels form a clear hierarchy; the 

output or the proposals of a higher level are the objectives at 
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the next level downwards. At a particular level the proposals 

are the means to achieve the targets. Thus, the means of one 

level look like objectives when viewed from the lower level. 

In each level the management plan should be continuously 

followed, and if deviations from the targets occur, the reasons 

for them are to be examined. As a result of this examination, 

the availability of resources, quality of work or the targets 

of the plan should be adjusted. This constant activity is 

called controlling or monitoring. Control presupposes a lot of 

accounting and reporting to be done during the execution of the 

proposed operations. 

This chapter focuses on the medium-term planning in the 

fuelwood plantations. The main emphasis is in the content and 

preparation of a forest management plan. Short-term planning 

or the implementation of the plan is briefly discussed in 

Chapter 6. 

5.1.2 Concepts 

The following few concepts are needed to understand the 

methods of forest management planning and the content of a 

modern management plan. 

The status of the plantation describes the present 

situation; what is the total planted area, stocking, total 

volume, annual production, etc. at the moment. Compartment 

description is connected to the present status of the planta

tion showing the most important site and stand characteristics 

of each compartment (Fig. 5.2) . Compartment register is a file 

which contains the basic data and the latest inventory results 

of each compartment. It should be constantly up dated accord

ing to the stand development and treatments . A compartment 
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register can reside in the memory of a computer or in a file of 

well-organized paper forms. 

Nazret Fuelwood Plantation 

Compartment Description at the end of 1988 

COMPARTMENT DESCRIPTION Page 1 

Comp. Area R Spe Age Hdom SC DgM HgM N V/ha DM/ha 

100 82.5 s EGL .6 .6 2 .0 .0 2127 0 0 
105 24.1 s EGL 2.6 4.1 1 3.0 3.4 1038 1 1 
110 44.4 s EGL .6 .5 2 . 0 .0 1580 0 0 
115 33.3 s EGL 2.6 6.6 1 5.8 5.6 1040 2 2 
120 34.8 s EGL 2.6 3.8 2 2.0 2.7 1339 1 1 

125 69.0 s EGL .6 .5 2 .o .0 1761 0 0 
130 34 .2 s EGL .6 . 5 2 .0 .0 1342 0 0 
135 46.1 s EGL .6 .6 2 .o .0 1000 0 0 
140 25.1 s EGL .6 .5 2 .0 .o 1028 0 0 
145 45.8 s EGL 2.6 4.1 2 3.2 3.3 1609 2 2 

150 15.7 s ECA 2.6 1.3 5 .5 1.7 640 0 0 
155 47.8 s ECA .6 .6 3 .0 .0 1599 0 0 
160 36.0 s ECA . 6 .7 3 .0 .o 1190 0 0 
165 43.1 s EGL 4.6 7.9 3 6.7 6.6 895 6 5 
170 55.9 s EGL 4.6 10.7 1 9.0 9.9 1095 23 16 

Fig. 5.2. Compartment description. 

Planning period is the time span covered by the management 

plan. The planning period can be divided into two or several 

management periods. The management plan shows the harvests and 

other treatments for each management period. In Ethiopian 

fuelwood plantations a common management period is 3 years, but 

for example in Nordic countries, · where the trees grow slower, 

the length of a management period is usually 10 years. 

Calculation unit is a collection of compartments grouped 

together for the calculations. Calculation units are used to 

reduce the number of computations. Compartments that belong to 

a calculation unit are similar by site and stand characteris-

tics. 

unit. 

Also, future treatments should be the same within one 

A calculation unit may be composed, for example, of all 

compartments which have the same site class, main species and 

age. If there is much variation in the stocking within this 

unit, it may further be divided to two parts: fully stocked 
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compartments in one unit and understocked compartments in 

another unit. The requirements for a calculation unit are 

almost similar to those for a compartment, except that the 

calculation unit may be composed of separate compartments 

located far from each other. 

Treatment regime or treatment schedule is the sequence of 

operations done in the stand during the rotation or during the 

planning period . It includes the tending treatments · for a 

young stand, the thinnings at later ages and the final clear

cutting. More exactly, the treatment schedule gives the years 

(or stand ages) of treatments and a description of the way the 

treatments are done (which type of fertilizer is applied and in 

which quantity; what is the removal in the thinning, etc.). 

Simulation of stand development means that the future 

growth of the stand and the effects of treatments are forecas

ted using some growth prediction method. This can be done 

either manually on paper, by using yield tables, or with a 

computer by using more sophisticated growth models. The 

purpose of simulation in forest management planning is to 

forecast what will be the future yield of the compartment if it 

is treated according to some treatment regime. The results of 

simulations are used for comparing different management 

alternatives. These comparisons form the basis of the treat

ment proposals of the management plan. 

In optimization such a treatment schedule is selected that 

the volume production or some other output is as great as 

possible with the resources available. A constraint is a 

restriction (minimum value of some output or maximum value of 

input) that cannot be exceeded. The constraint may give, for 

example, the maximum amount of money that can be spent for the 

execution of the management plan, or the minimum amount of 

fuel wood which must be produced annually. The constraining 

variables - like the objective variables - affect the utility 
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produced by the forest. The constraints are in this respect 

comparable to the objectives. 

An efficient management plan means that such a treatment 

schedule is selected for each compartment that it is impossible 

to improve an objective without impairing the value of some 

other objective or without violating the constraints. For 

example, one objective may be to harvest as much timber as 

possible and another objective to raise the total volume. Then 

if it is possible to increase both the harvest and the final 

volume by treating the stands differently than proposed in the 

management plan, the plan is inefficient. When optimization is 

used for selecting the treatments for individual compartments, 

the plan is always efficient. 

Objective 2 

Objective 1 

Fig. 5.3. An example of a production frontier. The boundary 
shows the relationship between two objectives. 
Point A represents an efficient production 
alternative. Point B is inefficient because it is 
possible to improve both objectives at the same 
time. Point C is impossible with the existing 
resources and constraints. 
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Production frontier or production possibility boundary is 

closely related to an efficient management plan. It shows the 

relationships between the different objectives in an efficient 

management (Fig. 5.3). All the efficient production alterna

tives of the plantation can be seen from the production 

frontier (or from a set of them). It is impossible to produce 

more output (like fuelwood) than indicated by the boundary. 

5.1.3 Content of a management plan 

The output of the planning is a management plan for one or 

several management periods. The form of the plan can vary, but 

the following components are commonly included: 

(1) The present status of the forest: 

Compartment description, which shows the main 
characteristics of each compartment (Fig. 5.2) 

- Summary tables which show the grand totals and per 
hectare values of volume , biomass, etc. 

- Graphs illustrating the age class distribution, 
proportions of different tree species, etc . (Fig. 5.4) 

- Compartment map showing the compartment boundaries and 
the basic geographical information of the area (roads , 
rivers, settlements, etc.) 

(2) Management proposals for the coming management period: 

- Treatment proposals for each compartment (Fig . 5 . 5) 

- Amount of harvests (in m3) and the total areas of 
different treatments during the management period 

- Amount of manpower and money needed to implement the 
plan and the income obtainable from the harvests 

- Thematic maps showing the location of the proposed 
treatments 

4 - Silva Carelica 13 
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(3) Prediction of the future development of the forest: 

- Development of individual compartments or calculation 
units 

- Development of age class distribution and total volume, 
biomass, etc. (Fig. 5.6) 

Stems 68.2% 

22.6% Leaves 

Branches 9.2% 

Fig. 5.4. An example piechart from Nazret fuelwood 
plantation forest management plan. 

The final management plan consists of text, tables, 

listings and diagrams. It starts with an INTRODUCTION which 

gives a general description of the plantation and the long-term 

targets as stated, for instance, in the project document. The 

second chapter may explain the METHODS used in mapping, 

compartment inventory and management planning. This part is 

followed by the PRESENT STATUS of the plantation, which is a 

synthesis of the inventory results . This chapter is usually 

composed of two sections, the first one describing the sites 

and the second one the stands of the plantation area. 
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RECOMMENDED TREATMENTS Page 1 

Years 1989 1991 Years 1992 1994 

UNIT 1 105.2 ha 1989: V 19 m3/ha Age 5 y Hdom 10.8 m 

Removal/ha 
Volume 56 Coppicing 
Drymass 36 Beating-up 

Removal/ha 
Volume 80 
Drymass 65 

Coppicing 

============================================================ 
UNIT 2 72.4 ha 1989: V 14 m3/ha Age 5 y Hdom 12.7 m 

Removal/ha 
Volume 48 Coppicing 
Drymass 32 

Removal/ha 
Volume 79 Coppicing 
Drymass 64 

============================================================ 
UNIT 3 124.9 ha 1989: V 11 m3/ha Age 5 y Hdom 9.5 m 

Removal/ha 
Volume 34 Coppicing 
Drymass 22 Beating-up 

Removal/ha 
Volume 71 Coppicing 
Drymass 59 

===================•-2==================a=•================= 

Fig. 5.5. Recommended treatments in the management plan. 

200000 

50000 t---------

oL--lmlmL__ 
1989 1992 1995 

Fig. 5.6. Predicted development of total biomass 
according to the management plan. 
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After the present status comes the MANAGEMENT PROPOSAL for 

one or two management periods. It usually starts with an 

explanation of the general principles of the management, 

followed by the calculation of the total harvest (allowable 

cut), total areas of different treatments, total costs and 

income, and exact treatment proposals for each compartment. It 

is good practice to end the management plan with PREDICTED 

DEVELOPMENT OF PLANTATION which shows how the compartments and 

the plantation as a whole, will develop if the management plan 

is implemented. An important part of this prediction is a 

description of the status at the end of the planning period. 

It indicates, among other things, whether the proposed manage

ment is sustained and what is the level of harvests after the 

planning period. 

5.2 Management planning in one stand 

Forest management planning can refer to one stand or 

compartment or to a large fores-t area. At compartment level 

the aim is to treat the stand so that the volume growth, value 

growth or biomass production of the compartment will be as 

great as possible. Management planning is based on yield 

tables, sil vicul tural recommendations, thinning guides (Fig. 

5.7) or past experience. The recommendations, thinning guides 

and other rules, in turn, are based on forest research. They 

are usually compiled so that the wood production or some other 

output will be maximized in the long run. 

Some yield tables can also be used as thinning guides or 

silvicultural recommendations, since they show the time points 

of thinnings and the desired stocking at any age. They may 

also indicate the age at which the stand should be clearcut. 

The yield tables of Eucalyptus globulus can also be used as 
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rough silvicul tural guides as they show the mean , annual 

increment with different rotations and the number of sterns/ha 

which is needed for full stocking. For example, if the 

stocking is much higher than in the yield table, the stand may 

be thinned, or if the stocking of a young stand is greatly 

below the yield table value, beating-up may be recommendable. 

Sterns/ha 

2000 

1000 

0 

~re 
~r 

5 10 15 20 
Dominant height, rn 

Basal 
area/ha 

30 

20 

10 

0 
5 10 15 20 

Dominant height, rn 

Fig. 5. 7 . Two examples of thinning guides. The upper curve 
shows the stocking or basal area needed before 
thinning and the lower curve the number of sterns 
or basal area which must be left after thinning . 

The result of one-stand management planning is a treatment 

proposal for the compartment or a statement that no treatments 

are needed. If the compartment fulfills the criteria of 

thinning, fertilization, clearcutting or beating-up, as stated 

in the silvicul tural recommendations, such a treatment is 

proposed for the compartment . 

It is possible to prepare a complete forest management 

plan on the basis of thinning guides and other sil vicul tural 

rules that concern , for example, site preparation, tree 

species, stocking , tending of a young stand, rotation and 

fertilization (Fig . 5 . 8) . In fact, this is the most common 

practice today in compiling a management plan. The management 

planning method described in Section 5.4 . 1 also falls into this 

category. 
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A conventional forest management plan is usually composed 

of treatment proposals, made by the surveyor in connection with 

the compartment inventory, and the amounts of harvests and 

labor associated with the proposed treatments. The proposals 

are based, besides on silvicultural recommendations, on the 

surveyor's forestry experience. The compartmentwise treatment 

proposals are the source of information when calculating the 

total amount of harvested timber or the areas of other treat-

ments. If the resulting plan does not fulfil the objectives 

and constraints of the whole plantation, the plan is adjusted: 

the proposed treatments are altered in one or several compart

ments. 

Forest resources 
Silvicultural rules 
- stand establishment rules 
- tending rules of young stands 
- thinning guides 
- fertilization recommendations 
- rotation length 

H[ PLANNING 

~ 

Forest management plan 
- treatment proposals 
- total harvest 
- areas of treatments 

Fig . 5.7. The method of preparing a management plan on 
the basis of silvicultural rules. 
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5.3 Management planning in large areas 

As explained in the previous section, the management 

planning of a large forest area can be based on silvicultural 

rules and recommendations; every compartment is treated 

according to the stated rules. Usually, they have been 

composed so that the total production of the stand will be 

maximized in the long run. In the real planning situation, 

however, the targets cannot always be stated that simply. 

Usually there are several objectives at the same time which the 

plan must meet. The aims may concern different points in time 

or different time periods. For example, the objective may be 

to maximize the amount of harvests during the first 3-year 

period, with the constraint that the cuttings of the consecu-

ti ve periods must not decrease. Another restriction may be 

that the growing stock or annual growth must exceed some stated 

value in a particular year. 

The objectives concern the whole plantation area, not 

individual compartments. The crucial problem of forest 

management planning is to find such treatment for individual 

compartments, that the objectives set for the whole area will 

be met. The objectives may be different for different planta

tions and they are usually more specific than the general aim 

to produce as much wood as possible on a sustained basis . 

These varying and specific objectives cannot usually be 

achieved by relying on silvicultural recommendations only. The 

management planning system of a large forest area should rather 

produce a set of treatment recommendations which would ensure 

the achievement of the objectives (Fig. 5.9) . The difference 

of this approach, when compared to the one-stand management 

approach (previous section) is that the treatment rules are the 

output, not input, of the planning system . 
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Forest resources 
Objectives 

H[ PLANNING JI 
_jt 

Management plan 
= 

Treatment rules 

Fig. 5.9. The elements and principle of forest management 
planning in a large area. 

Management planning should be based in an ideal situation, 

on the existing forest and other resources and on the obj ec

ti ves of the production. The management planning system 

corresponding to this approach should be able to derive the 

treatment rules from the resources and objectives. This can be 

accomplished in two steps: 

(1) Simulate several treatment schedules for each compartment 
or calculation unit over the selected management period. 

(2) Select the optimal treatment schedule for each compartment 
or calculation unit. 

The purpose of the simulation is to calculate what the 

total harvest, cost and income associated with different 

management options of a compartment are, 

ment will develop if the treatments 

and how the compart

of this option are 

executed. The selection of the optimal or best treatment 

schedule is done at the whole area level covered in the 

planning, and not at the stand level. Optimal or best refers 

to a combination of treatment schedules that the objective 

variables are maximized, the constraints are met and the 
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production is efficient. A comparison of combinations of 

treatment schedules is carried out either with an optimization 

procedure, or by experimenting interactively with different 

combinations of treatment schedules using the method of trial 

and error. 

In this planning system the number of calculations is 

usually so high that a computer is needed. An example of this 

kind of management planning system is described in Section 

5.4.2. 

5.4 Management planning methods 

5.4.1 Manual method 

This section describes a simple method for compiling a 

management plan for a fuelwood plantation. The method is based 

on the one-stand management approach . The treatment proposals 

are therefore, simply a consequence of a set of silvicultural 

and harvesting rules. The growth is predicted with the help of 

yield tables. 

The method facilitates the calculation of harvests in 

different years and the consecutive development of the planta

tion. In the example described below, clearcutting (coppicing) 

is the only applied treatment, with the rotation length being 

the only silvicultural rule. However, the inclusion of other 

treatments, like thinnings, is straightforward, provided that 

yield tables which include thinnings are available. 

The first stage in the computation is to group the 

compartments into calculation units, for example, by grouping 

together all compartments with the same main species, age and 

site class. The total area, average stocking, dominant height 

and stand .volume are computed for each calculation unit from 
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the results of the compartment inventory by using the compart

ment description. The stand characteristics for a calculation 

unit are calculated as follows (stocking used as an example): 

mean stocking of the calculation unit (trees/ha) 
area of compartment i (ha) 
stocking of compartment i (trees/ha) 

The sums EAiNi and EAi are computed over all compartments which 

belong to the same calculation unit. 

The basic data and the present status of the calculation 

unit are recorded in the first columns of the computation form 

as presented on the next page and in Appendix 6. In addition 

to the stand characteristics, a correction factor (CF in the 

form) due to understocking, is calculated for each unit as 

explained in Section 4.2.1. The correction factor is 1.0 in a 

fully stocked unit and less than 1.0 in an understocked unit. 

As said in Section 4.2.1, it is recommendable to calculate the 

correction factor from stand basal area instead of number of 

stems per hectare, if the stands of the unit are not very young 

(for instance, the mean height is greater than 7 m). 

The present status of each unit, as presented in the 

management plan, includes areas, site characteristics and stand 

characteristics. In addition to these, the age class distribu

tion and the total volume should be calculated from the 

figures on the computation form. The total volume is obtained 

by multi plying the areas of calculation uni ts with the per 

hectare volumes and then summing up these products. 

Before continuing with the calculations, the applied 

rotation and the length of the planning period should be 

decided and recorded on the computation form. If the planning 

period is five years and the first year is 1990, then the 

planning covers the years from 1990 to 1994 (five years in 

all). 
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The harvests are calculated with the help of the selected 

rotation length and yield tables, and recorded in columns 11, 

12 and 13 of the computation form. The harvesting year 

(coppicing year) is obtained as follows: 

present year + (rotation length - present age) 

The stand volume at harvesting (the volume to be harvested) is 

predicted with the help of yield tables by adding the estimated 

growth to the present volume, as explained in Section 4.2.1. A 

correction factor should be applied if the calculation unit is 

understocked. The total harvest is computed by multiplying the 

per hectare removals with the areas of different calculation 

units. From the figures in columns 2, 11 and 13 it is easy to 

calculate the harvested area and the total removal in different 

years. 

The final status of the forest at the end of the manage

ment period is recorded in columns 14, 15 and 16. The stand 

age at the end of the last year is obtained by 

(last year + 1) - coppicing year 

or, if there are no treatments, by 

age in the beginning + length of the management period 

The final stand volume corresponding to the site class and 

age of the unit is obtained from the yield table. If the unit 

was coppiced during the planning period, yield tables of the 

coppice rotation must be used to get the final volume. The 

yield table volume is multiplied by the correction factor. The 

total volume and age class distribution at the end of the 
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management period are calculated in the same way as for the 

present status. 

When the computations are complete, the results should be 

evaluated critically and probably some adjustments and revisi-

ans must be made. For example, if the harvested area varies 

considerably from year to year, it may be necessary to divide a 

few calculation uni ts into two parts, which are managed 

according to different rotation lengths, or it may be necessary 

to change the rotation length of the whole calculation unit. 

It is also possible to use different rotation lengths for 

different site classes: the better the site class, the shorter 

the rotation. In any case, it is advisable to repeat the 

computations with two or three rotation lengths in order to get 

an idea of how the rotation lengths affect the production. 

The management plan is further evaluated by studying the 

final status of the forest: the total volume and the age class 

distribution at the end of the last year. If the average 

volume is too low, the amount of harvests should be decreased, 

and vice versa. If young stands dominate in the final age 

class distribution, the harvests should again be decreased, but 

if old stands are abundant in the last years, then it is 

advisable to increase the amount of cuttings. An optimal age 

class distribution in the long run is one where there is an 

equal area of stands in all the age classes, which means that 

the age class distribution is as even as possible. 

5.4.2 Computer method 

The computerized management planning method described in 

this section has been used for preparing the management plans 

of Dese, Debre Birhan and Nazret fuelwood plantations. The 

method is described in detail by Pukkala and Pohjonen, 1987 (a 
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more general description in Pukkala et al. 1988) . This section 

only gives an overview of the method. 

The phases of the planning procedure are presented in 

Figure 5.10. The first step, which is optional, is the 

grouping of similar compartments into calculation units. The 

management planning itself has two distinct phases: ( 1) the 

simulation of treatment schedules for calculation uni ts or 

compartments and ( 2) the selection of the best treatment 

schedule for each unit by using mathematical optimization. 

GROWTH 
MODELS 

GOALS 

~ 

~ 

COMPARTMENT REGISTER 
- Inventory data of compartments 

T 
CALCULATION UNITS 
- Similar compartments into one unit 

J: 
SIMULATION OF TREATMENT SCHEDULES 
- Harvest and stand development according 

to different treatment alternatives 
- Several schedules for each unit 

i-
OPTIMIZATION 
- Best combination of treatment schedules 

T 
PRINTING OUT OF THE PLAN 
- Optimal treatment schedules are taken as 

recommendations 
- Predicted stand development according to the 

selected schedules 

Fig. 5.10. Phases of the computerized management planning 
method. 
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In short rotation forestry, as with Ethiopian fuel wood 

plantations, it is convenient to have the management planning 

and simulation cover 6 years which are divided into two 3-year 

management periods. The simulation of growth is based on the 

temporal change of the diameter distribution (see Section 

4. 2. 2) . The development of dominant height is supposed to 

follow the yield table values in different site classes. 

The treatments associated with one treatment schedule are 

simulated in the middle of each 3-year period. The simulation 

of one treatment schedule includes the following phases: 

(1) Let the stand (or calculation unit) grow to the middle of 
the first 3-year period (= 1.5 years). 

(2) Simulate the treatments of 
thinning or clearcutting is 
harvested volume. 

the first period. If a 
simulated, calculate the 

(3) Let the stand grow to the end of the first 3-year period. 
Calculate the stand characteristics ( volume, biomass, mean 
diameter, etc.) at the end of the first period. 

( 4) Let the stand grow to the middle of the second 3-year 
period (4.5 years from the beginning). 

(5) Simulate the treatments of the second period. Calculate 
the harvested volume if a thinning or clearcutting was 
simulated. 

(6) Let the stand grow to the end of the second 3-year period 
( 6 years from the beginning). Calculate the stand 
characteristics at the end of the second period. 

In the middle of each management period it is possible to 

simulate one or several of the following treatments: 

- thinning 
- planting 
- coppicing (clearcutting without planting) 
- clearcutting combined with replanting 
- beating-up 
- weeding 
- fertilization 
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After the simulation it is known what treatments a 

particular schedule includes, what is the removal associated 

, with these treatments and what is the expected status of the 

stand at the end of the first and second 3-year period. The 

aim of the optimization is to select such a schedule for each 

compartment that the resulting management plan maximizes the 

objectives and meets the constraints when viewed at the whole 

plantation level. One or more of the characteristics calcu

lated for each schedule are taken as objective variables, the 

values of which are maximized. In addition to these variables, 

it is possible to set constraints for the optimization. For 

example, it is possible to maximize the harvested volume during 

the first and second 3-year period with the constraint that the 

final volume after six years must exceed some stated value. 

Based on the data from the simulated treatment schedules, 

on one hand, and the given objectives and constraints, on the 

other, the optimization program finds the best treatment 

schedule for each compartment or calculation unit. The 

treatments of these schedules are taken as treatment proposals 

in the management plan. The predicted stand development, as 

presented in the plan, is also obtained from the simulated 

results of the selected schedules. 

As said above, all the plans produced by the optimization 

procedure are efficient, in the sense that it is impossible to 

improve several objective variables at the same time. It is 

also possible to produce several alternative plans correspond

ing to different sets of objectives. Moreover, · the optimiza

tion program can be used to calculate the production pos

sibility boundaries of the plantation (Fig. 5.3) 
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6. THE IMPLEMENTING OF A FOREST MANAGEMENT PLAN 

6.1 General 

The forest management plan proposes the guidelines of how 

the existing forest resource should be treated in the next 

management period. The plan is presented to the decision maker 

for his or her acceptance. If the plan is accepted, it will 

have the status of a plan of action for the forestry 

activities. 

The proposed treatments of the forest management plan, 

like the beating up of a certain amount of hectares or harvest

ing a certain amount of timber, are the objectives of the 

implementation phase. For each objective the forest manager 

must prepare a separate short term operational plan which 

should focus on the following s ubjects: 

- budget 
- need of manpower 
- time table 

6.2 Proposed treatments 

The proposed treatments in the forest management plan give 

rise to silvicultural and other operations. For a fuelwood 

plantation, for instance , one or several of the following 

treatments may have been proposed for one or several compart

ments during the planning period : 

- planting 
- weeding 
- beating up 
- fertilization 
- thinning 
- clearcutting 



107 

Implementing is based on background information found in 

the forest management plan. For each treatment the number of 

hectares is given. For instance, the plan may propose that 520 

hectares are to be planted, 1560 ha are to be weeded and 230 ha 

are to be fertilized during the first 3-year period. These 

figures are used in budgeting the activities. In a running 

fuel wood project, the corresponding unit costs have already 

been established which makes the budgeting simple. Cost of 

establishing one additional plantation hectare is around 1300-

1500 Birr. Cost of weeding is about 2 cents per plant (varies 

with site difficulty). If for example, the average stocking 

over 1560 ha is 1400 trees/ha the labor cost of weeding is: 

1560 x 1400 x 0.02 Birr 43 680 Birr 

In the highland fuelwood plantations the beating up, 

especially, is important to do as proposed. Since the planta

tions are usually established in marginal soils, on slopes or 

otherwise difficult conditions, an adequate established 

stocking ( 1400-1500 trees/ha) is seldom reached at the first 

planting. This has been the case with all the UNSO-fuelwood 

plantations, even when a relatively high planting density (2500 

trees/ha) has been used. 

The seedling and labor requirement for beating up is 

calculated from the inventory results. It is recommended that 

beating up is carried out twice: after one year and after two 

years from initial planting. The first beating up should 

always be done in all compartments to the full planting density 

of 2500 trees/ha. The seedling requirement of beating up for 

one compartment can be calculated according to the following 

example: 



Compartment 
Area 
Age 
Stocking 

26 
32.8 ha 
1.0 years 

1357 trees/ha 

Number of seedlings: 
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32.8 x (2500-1357) = 37491 seedlings 

A similar calculation is repeated over every compartment 

for which beating up has been proposed. The seedling require

ments of individual compartments are summed up, the normal 

seedling production marginal is added (for example 10 per cent 

for culling and transport losses), and the nursery production 

is planned accordingly. 

The second beating up differs from the first one since all 

the compartments do not necessarily need it. If the stocking 

is over 1600-2000 trees/ha in stands which are two years old, 

it is most likely that such stands will have an adequate number 

of established trees. If, however, the stocking is under this 

figure beating up should be done in a normal way, and the need 

of seedlings and labor is calculated according to the example 

above. 

There is a special case for beating up (can also be called 

enrichment planting) connected to the coppicing. It may happen 

that the stands reach the age of about 3 years without a 

successful beating up, and thus their stocking remains low. 

Immediate beating up with the same species is too late, since 

the growing trees will hamper the growth of new seedlings. The 

forest management plan may propose premature clearcutting and 

enrichment planting (or simply clearcutting and beating up) for 

such compartments. This being so the understocked patches are 

once more planted, immediately after the harvest. Since 

coppices flush rapidly after cutting, the planted seedlings 

face competition and shading which are greater than in the 

establishment phase. Premature harvesting should therefore be 
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done just before the planting season, and vigorous big 

seedlings should be planted in the gaps. 

Thinning and clearcutting bring about both costs and 

income. The plan indicates the removals, compartment by 

compartment, as well as the totals. The estimated income is 

calculated by multiplying the amount of removal by unit price 

of the timber. The need of funds and labor can be calculated if 

the unit cost and manpower requirement of harvesting, skidding, 

loading and transport are known. 

6.3 Timing of activities 

Part of the proposed treatments in the forest management 

plan are such that they should be implemented immediately or 

according to the biological cycle of the year. For instance, 

weeding and beating up are done according to normal silvicul

tural practices; neither of them can be postponed to the 

following year or later. 

Another part of the proposed activities leave flexibility 

in the implementation. The proposed cuttings and the removals 

connected with them, are normally calculated in the middle of 

the planning period. The harvests, however, should not be 

concentrated in the middle of the planning period. It is up to 

the forest manager to decide the suitable time to implement the 

harvests. 
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Appendix l A 

FIELD AND COMPUTATION FORM FOR CIRCULAR OR RECTANGULAR PLOT 

Plot 

Species 

Altitude 

Locality Date 

Stand age yr Crew _____ _ 

m Rain mm Notes ---- ----

Rotation 

Site class 

Radius of circle m Size of rect m Plot area ha --- -- -- ---

1 2 3 4 5 6 7 8 
Vol/ BA/ 2·4 2·5 1·7 

Diam Stems/ Height stem stem Vol/ BA/ 
cm f lot m m3 m2 f lot f lot di•Gi 

(di) ni) (hi) (vi) (gi) Vi) Gi) 
1 .0001 

2 .0003 

3 .0007 

4 .0013 

5 .0020 

6 .0028 

7 .0038 

8 .0050 

9 .0064 

10 .0079 

11 .0095 

12 .0113 

13 .0133 

14 .0154 

15 .0177 

16 .0201 

17 .0227 

18 .0254 

19 .0284 

20 .0314 

21 .0346 

22 .0380 

Sum A: Sums: 

B c D 
SAMPLE TREES 

No. d mm h dm No. d mm h dm RESULTS 

1 6 N (A/area) trees/ha 

2 7 v (B/area) m3/ha 

3 8 G (C/area) m2/ha 

4 9 D (D/C) cm 

5 10 H(dom) m 



Appendix 1 B 

FIELD AND COMPUTATION FORM FOR CIRCULAR OR RECTANGULAR PLOT 

Plot Locality Date Rotation 

Species Stand age yr Crew Site class 

Altitude m Rain mm Notes 

Radius of circle m Size of re ct m Plot area ha ----

1 2 3 4 5 6 7 8 
Vol/ BA/ 2·4 2·5 1·7 

Diam Stems/ Height stem stem Vol/ BA/ 
cm f lot m m3 m2 f lot f lot d·Gi 

(di) ni) (hi) (vi) (gi) Vi) Gi) 
1 .0001 

3 .0007 

5 .0020 

7 .0038 

9 .0064 

11 .0095 

13 .0133 

15 .0177 

17 .0227 

19 .0284 

21 .0346 

23 .0415 

25 .0491 

27 .0573 

29 .0661 

31 .0755 

33 .0855 

35 .0962 

37 .1075 

39 .1195 

41 .1320 

43 .1452 

Sum A: Sums: 

B c D 
SAMPLE TREES 

No. d mm h dm No. d mm h dm RESULTS 

1 6 N (A/area) trees/ha 

2 7 v (B/area) m3/ha 

3 8 G (C/area) m2/ha 

4 9 D (D/C) cm 

5 10 H(dom) m 



FIELD AND COMPUTATION FORM FOR RELASCOPE PLOT 

Locality ______ _ Date ------Plot 

Species __ _ 

Altitude 

Stand age 

m Rain 

Basal area factor (q) 

1 2 3 

Diam Stems/ Height 
cm f lot m 

(di) ni) (hi) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

SAMPLE TREES 

___ yr Crew _____ _ 

mm Notes ----

m2/ha 

4 5 6 7 
Vol/ BA/ q•n· 6/5 
stem stem BAJ stems/ 

m3 m2 ha ha 
(vi) (gi) (Gi) (Ni) 

.0001 

.0003 

.0007 

.0013 

.0020 

.0028 

.0038 

.0050 

.0064 

.0079 

.0095 

.0113 

.0133 

.0154 

.0177 

.0201 

.0227 

.0254 

.0284 

.0314 

.0346 

.0380 

Sums: 

A B 

No. d mm h dm No. d mm h dm RESULTS 

1 6 N B 

2 7 v c 
3 8 G A 

4 9 D (D/A) 

5 10 H(dom) 

Appendix 2 

Rotation 

Site class 

8 
7.4 

9 
6·1 

Vol/ 
ha di•Gi 

c D 

trees/ha 

m3/ha 

m2/ha 

cm 

m 



Appendix 3 

FIELD FORM FOR COMPARTMENT INVENTORY 

Comp.no. Planted/Coppiced 

Area ha Eth. cal. Date -----

Altitude m Eur. cal. Leader 

Rain ___ mm/yr Main spec. Type of plot (l=height 
plot, 2=diameter plot) 

Rotation --- Stand age ___ yr 

Slope % Number of plots __ Relascopic factor 

Possible treatment: after __ years 

PLOTS Diam./ © A L L T R E E s © SAMPLE TREES 
No Rad. Height ©©© Tree species ©©© Spe Diam Height 

m cm/dm mm dm 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 



Appendix 4 

FIELD FORM FOR CHAIN SURVEY 

Plantation Compartment 

Map scale Surveyor Date 

Side Compass Length Slope Correct. Correct Length 
bearing (m) ( 0 ) factor length on map 



Yield table for Eucalyptus globulus 
Appendix 5 A 

Seedling stand 

Site class: 1 

Age Hdom [lgM HgM 

.6 
2 2.4 
3 5.0 
4 8.4 
5 12.1 

.0 
2.8 
5.3 
7.6 

10.0 

6 15 . 9 12.4 
7 19.7 14.8 
8 23.2 16.9 
9 26.5 18.9 

10 29.6 20.8 

11 32.3 22.4 
12 34.7 23.8 
13 36.9 25.1 
14 38.8 26.3 
15 40.5 27.3 

.o 
2.8 
4 . 3 
6.9 

10.1 

13.S 
16.9 
20.3 
23.5 
26.5 

29.2 
31.6 
33 .8 
35.8 
37.6 

16 42.0 28.2 39.1 
17 43.3 29.0 40.5 
18 44.5 29.7 4t.8 
19 45.5 30 . 3 42.9 
20 46.5 30.9 43.9 

21 47.3 31.4 44.8 
22 48.1 31.9 45.6 
23 48.8 32.3 46.3 
24 49.4 32.7 47.0 
25 49.9 33.0 47.6 

26 50.4 
27 50.9 
28 51. 3 
29 SL 7 
30 52.0 

33.3 
33.6 
33.8 
34.1 
34.3 

48.1 
48.6 
49.1 
49.5 
49.9 

N 

1431 
1413 
1385 
1351 
1313 

1273 
1235 
1198 
1164 
1133 

G 

.0 

. 2 
1.5 
3.7 
6.9 

v 

.0 

.5 
4 ' • ·"-

"14. 9 
36.9 

10.8 72. 2 
15.2 120.1 
19.7 178.4 
24.1 243.8 
28 .3 313.0 

MAI 

.0 

.2 
1.4 
3.7 
7.4 

CAI 

.o 

.5 
3.7 

10.7 
22.0 · 

12.0 35.3 
"17. 2 47 .9 
22.3 58.3 
27.1 65.4 
31 .3 69 . 3 

D R Y M A S S E S 
Stem Branch Lea f Total 

.0 

. 3 
2.3 
8 ,, 

20.4 

39.7 
66.1 
98.1 

134.0 
172.0 

.0 

.1 
. 3 
.8 

1.6 

2.9 
4.4 
6.0 
7.8 
9.6 

.o 

.4 

.8 
1 .6 
2.6 

3.8 
5.1 
6.3 
7.5 
8.5 

.0 

. 7 
3.4 

10.6 
24.6 

46 .4 
75.S 

"110.4 
"149. 2 
190.1 

1105 32.2 
1080 35 .8 
1058 39.1 
1038 42 .o 
1020 44.6 

383.4 
452.5 
519.1 
582 .1 
641.0 

34.9 70.3 210.5 11.3 9.5 231.3 
37 . 7 69.2 248.S 12.9 10.3 271.6 
39.9 66.6 284.9 14.4 11.0 310 .4 
41.6 63.0 319.5 15.7 11.7 346.9 
42.7 58 . 9 351.7 17.0 12.3 381 . 0 

1005 47.0 695.7 43.5 54.6 
991 49.1 746.0 43.9 50.3 
979 51 . 0 792.2 44.0 46.2 
968 52. 6 834.4 43.9 42.3 
958 S4.1 873.1 43.7 38.6 

381.6 18.1 
409.2 19.1 
434.S 20.0 
457.6 20.9 
478.8 21 .6 

12.8 412 . 5 
13. 2 441.5 
13.6 468 .1 
13.9 492.4 
14.2 514.6 

950 55.5 908.3 
942 56.7 940.5 
935 57 .8 970.0 
928 58.8 996.8 
923 59.7 1021.4 

43.3 35.3 498.1 22 .3 14.5 534 . 8 
42.8 32.2 515.7 22.9 14.7 553.3 
42.2 29. 4 531.8 23.4 14.9 570.1 
41.5 26 .9 546.5 23.9 15 . 1 585.5 
40.9 2 4 .6 559.9 24.4 15.2 599.6 

917 60.5 1044.0 40.2 
913 61.2 1064 . 6 39.4 
908 61. 9 1083 . 6 38. 7 
905 62. 5 1101 . 1 38 . 0 
901 63 . 0 1"117 .1 37. 2 

22.5 
20.7 
19.0 
17 .s 
16.1 

572.3 2 4 .8 
583.6 25.1 
594.0 25.5 
603.5 25.8 
612.3 26 .1 

15.4 612 .4 
15.S 624.2 
15 . 6 635 .1 
15.8 645.0 
15.9 654 .2 

Yield table for Eucalyptus globulus 

Seed! ing stand 

Site class: 2 

Age Hdom DgM HgM N G v 

2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

.5 
2.0 
4.2 
7 .0 

10.1 

.o 

.o 
4.6 
6.7 
8.7 

.o 1432 

. 0 1417 
3.7 1394 
5 .8 1365 
8.3 1333 

.0 

.o 
1.0 
2.7 
5.1 

.o 

.o 
2 .5 
9.4 

23.5 

13.3 10.7 11 . 1 
16.4 12.7 1 3 .9 
19 .4 14.6 16.7 
22.1 16.3 19.3 
24.6 17.8 21 .7 

26.9 19.2 23 .9 
28.9 20.4 25.8 
30.7 21.4 27.6 
32.3 22.4 29.2 
33.7 23.2 30 . 6 

35.0 
36.1 
37.1 
38.0 
38.7 

24.0 
24.7 
25.2 
25.8 
26.2 

39.4 26.7 
40.1 27.0 
40.6 27.4 
41.2 27.7 
41.6 28.0 

42.0 
42.4 
42.8 
43.1 
43.4 

28.2 
28.4 
28.7 
28.8 
29.0 

31.9 
33.1 
34.1 
35.0 
35.8 

36.5 
37.2 
37 . 8 
38.3 
38.8 

39.2 
39.6 
40.0 
40.3 
40.6 

1301 8.0 
1268 11.4 
1238 14.8 
1209 18.2 
1183 21.5 

1160 24.6 
1139 27.4 
1121 30.0 
H04 32.3 
1090 34.4 

46.3 
77 .6 

115.8 
158.8 
204.6 

251.4 
297.5 
342.1 
384.4 
424.0 

1077 
1065 
1055 
1046 
1038 

36.2 460.9 
37.9 495.0 
39.4 526.3 
40.8 555.0 
42.0 581.4 

1031 
102 4 
1018 
1013 
1008 

43.1 
44.1 
44.9 
45.7 
46.5 

1004 47.1 
1000 47.7 

997 48.3 
993 48.8 
990 49.2 

605.4 
627.4 
647.6 
666.0 
682.9 

698.4 
712.6 
725.6 
737.7 
748.7 

MAI 

.0 

.o 

.8 
2.4 
4.7 

7.7 
"11 .1 
·14.5 
"17 .6 
20.5 

22.9 
24.8 
26.3 
27.S 
28.3 

28.8 
29.1 
29.2 
29.2 
29.1 

Appendix 5 B 

CAI 
D R Y M A S S E S 

Stem Branch Leaf Tota l 

.o 

.o 
2 .5 
6.9 

14 .1 

.0 

.0 
1. 4 
5 .-, 

13.0 

22.8 25.5 
31.2 42. 7 
38.2 63.7 
43. ·1 87. 4 
45.8 1"12.5 

.0 

.0 

.2 

.5 
t. ·1 

2.0 
3.0 
4.2 
5.5 
6.8 

46.7 138 . 1 8.0 
46 . 1 163.5 9.2 
44.6 187.9 10.3 
42.3 21 1.1 11.3 
39.7 2 32 . 8 12.2 

36.9 253.0 
34.1 271. 7 
31.3 288.9 
28.7 304.6 
26.3 319.0 

13.1 
13.8 
14.5 
15.2 
15.7 

.o 

.o 

.6 
1.2 
2.0 

3.0 
4.0 
5.0 
5.9 
6.8 

7.6 
8.3 
8.9 
9.5 

10.0 

.0 

.0 
2 .2 
7.0 

16.2 

30.5 
49.7 
72.9 
98.8 

126.1 

153.7 
180.9 
207 .1 
231.8 
255.0 

10.4 276.5 
10.8 296.3 
"11.1 314.5 
11.4 331.2 
11. 7 346.4 

28.8 24.1 
28.5 22.0 
28.2 20.1 
27. 7 18.4 
27.3 16.9 

332.2 16.2 11 . 9 360.4 
344.3 16.7 12.1 373.1 
355.3 17.1 12.3 384.7 
365.4 17.5 12.5 395.4 
374.6 17.9 12.6 405.1 

26.9 
26.4 
25 .9 
25.4 
25.0 

15.5 
14.2 
13.·1 
12.0 
11.1 

383.1 
390.9 
398.1 
404.6 
410.7 

18.2 
18.5 
18.7 
19.0 
19.2 

12.8 414.1 
12.9 422.3 
"13.0 429.8 
13.1 436.7 
13.2 443.1 



Yield table for Eucal yptus globulus 

Seedling stand 

Site class: 3 

Age Hdom DgM HgM N G v 

2 
3 
4 
5 

.4 .o 
1. 6 .0 
3.4 3.8 
5 .6 5 .8 
8.1 7.4 

.0 1433 
. 0 1421 

3.1 1402 
4.7 1380 
6.7 1354 

.o 

.o 

.6 
1.8 
3.4 

.o 

. 0 
1.3 
5.4 

13 . 5 

6 10.6 9.0 8.8 
7 13.1 10.6 11.0 
8 15.5 12.2 13.1 
9 17.7 13.5 15.1 

10 19.7 14.8 17.0 

11 21.5 
12 23.1 
13 24.6 
14 25.8 
15 27.0 

15.9 
16.9 
17.8 
18.5 
19.2 

18.7 
20.2 
21.6 
22.8 
23.9 

16 28.0 19.8 24.9 
17 28.9 20 . 3 25.8 
18 29.7 20.8 26.6 
19 30.4 21 . 2 27.3 
20 31.0 21.6 27.9 

1TI8 
1302 
1278 
1255 
1234 

1216 
1199 
1184 
1171 
1159 

5.5 
7.9 

to.4 
·12.8 
15.2 

17.5 
19.5 
21.4 
23.1 
24.7 

26.8 
45.1 
67.7 
93.3 

120.7 

148. 7 
176.5 
203.5 
229.1 
253.2 

1149 26.1 275.7 
1140 27.3 296.5 
1132 28.4 315.6 
1124 29.5 333.3 
1118 30.4 349 . 4 

MAI 

.o 

.o 

.4 
1.4 
2.7 

4.5 
6.4 
8.5 

10.4 
·12.1 

13.5 
14.7 
15.7 
16.4 
16.9 

·17 .2 
17.4 
17 .5 
17 .5 
17.5 

21 31.6 
22 32.1 
23 32.5 
24 32.9 
25 33.3 

22.0 
22.3 
22.5 
22.8 
23.0 

28.5 
29.0 
29.4 
29.8 
30.2 

1112 31.2 364. 2 17.3 
1107 31.9 377.8 17.2 
1102 32.6 390.2 17.0 
1098 33.2 401.5 16.7 
1094 33.7 412.0 16.5 

26 33.6 23.2 
27 33.9 23.4 
28 34.2 23.5 
29 34.5 23 . 7 
30 34.7 23.8 

30.6 
30.9 
31.1 
31.4 
31.6 

1091 34.2 421.5 
1088 34.7 430.3 
1085 35 . 1 438.4 
1082 35.5 445.9 
1080 35.8 452.7 

16.2 
15.9 
15.7 
15.4 
15.1 

Appendix 5 C 

D R Y M A S S E S 
CAI Stem Ekanch Leaf Tota l 

.o 

.o 
1.3 
4.1 
8 .·1 

13.3 
18.4 
22.6 
25.6 
27.4 

.o 

.o 

. 7 
3.0 
7 . 4 

14.8 
24.9 
37.3 
51.4 
66.4 

28.0 81.8 
27.8 97.1 
26.9 1"11.9 
25.6 ·125.9 
24.1 139. 2 

.0 

. 0 

.·1 

.3 

.7 

1.3 
1.9 
2.7 
3.5 
4.4 

5. 2 
6.0 
6.7 
7 .4 
8.0 

22.5 151.5 8.6 
20.8 162 .9 9.1 
19.2 173.4 9.6 
17.6 183.1 10.1 
16.2 191.9 10.5 

14.8 
13.5 
12.4 
11.4 
to.4 

200.0 
207.5 
214.3 
220.5 
226.2 

10.8 
11.1 
11.4 
11. 7 
11.9 

9.6 23·1.5 12.2 
8 . 8 236.3 12.4 
8.1 240. 7 ·12.6 
7.5 244.8 12.7 
6.9 248.6 12.9 

.o 

.o 

.5 

. 9 
1. 5 

2 . 2 
2 .9 
3.7 
4.4 
5.1 

.o 

.o 
1. 3 
1 .... 2 
9.7 

18 . 2 
29.7 
't3. 7 
59 . 3 
75.9 

5.7 92.7 
6.3 109.3 
6 .8 125.4 
7.2 140.6 
7.6 154.8 

8.0 
8.3 
8.5 
8.8 
9.0 

9.2 
9.4 
9.5 
9.7 
9.8 

168.1 
180.3 
191.6 
201.9 
21"1.4 

220.1 
228.0 
235.2 
241.9 
248.0 

9.9 253.6 
10.0 258.7 
10.1 263.4 
to.2 267.7 
10.3 271.8 

Yield table fo r Eucalyptus globulus 

See dling stand 

Site c l ass : 4 

Age Hdom DgM HgM N G 

2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
"14 
15 

16 
17 
18 
19 
20 

.3 
1.2 
2.5 
4.2 
6.0 

8.0 
9.8 

11.6 
13.3 
14.8 

16.1 
l7.3 
18.4 
19.4 
20.2 

21.0 
21. 7 
22.2 
22.8 
23.2 

21 23.7 
22 24.0 
23 24.4 
24 24.7 
25 25 .o 

26 25.2 
27 25.5 
28 25.7 
29 25.9 
30 26.0 

.o 

.o 
2.9 
4.6 
6.1 

7.3 
8.5 
9.7 

10 . 7 
11. 7 

12.6 
13.3 
14.D 
14.6 
15.1 

15.6 
16.0 
16.3 
16.7 
17.0 

17.2 
17.4 
17.6 
17.8 
18.0 

18.2 
18.3 
18.4 
18.5 
18.6 

. 0 1434 

. 0 1425 
2.7 1411 
3.6 "1394 
5.1 1375 

6.6 
8.1 
9.7 

11.1 
12.5 

13.7 
14.8 
15.8 
16.7 
17 .5 

1355 
1336 
1317 
1300 
1285 

1 271 
1258 
1247 
1237 
1229 

.0 

.o 

.3 
1.0 
2.·1 

3.4 
4.9 
6.5 
8.1 
9.6 

11.1 
12 . 4 
13.7 
14.8 
15.9 

18.2 
18.8 
19.4 
19.9 
20.3 

1221 16.8 
1214 17 .6 
1208 18.4 
1203 19.1 
1198 19. 7 

20.7 
21.1 
21.4 
21. 7 
22.0 

1·193 
1189 
1186 
1183 
1180 

20.2 
20.7 
21.2 
21.6 
22.0 

22.2 t-177 22.3 
22.5 1175 22.6 
22.7 1173 22.9 
22.8 1171 23.1 
23.0 1169 23.4 

v 

.0 

.0 

.6 
2.5 
6.6 

13 .1 
22.2 
33.5 
46.5 
60.4 

74.7 
89.0 

102.8 
116.1 
128.6 

140.2 
151.0 
161.0 
170.2 
178.6 

186.4 
193.5 
200.0 
205.9 
211.4 

216.4 
221.1 
225.3 
229.3 
232.9 

Appendix 5 D 

MAI CAI 
D R Y M A S S E S 

Stem Branch Leaf Total 

.0 .0 .o 
.o 
.3 

.0 .0 

.2 .6 

.6 1. 9 
1.3 4.1 

1.4 
3.6 

2.2 
3.2 
4.2 
5 .2 
6.0 

6.8 
7.4 
7.9 
8.3 
8.6 

8.8 
8.9 
8.9 
9.0 
8.9 

8.9 
8.8 
8.7 
8.6 
8.5 

8.3 
8.2 
8.0 
7.9 
7.8 

6.5 
9.1 

11.3 
13.0 
13.9 

14.3 
14.3 
13.9 
13.2 
12.5 

11. 7 
10.8 
10.0 

9.2 
8.4 

7.7 
7 .1 
6.5 
6.0 
5.5 

7.2 
12.2 
18.5 
25.6 
33.3 

41.2 
49.0 
56.6 
63.9 
70.7 

77.1 
83.1 
88.6 
93.6 
98.2 

102.5 
106.4 
109.9 
113.2 
116.2 

5.0 119.0 
4.6 121.5 
4.3 123.9 
3. 9 126. 0 
3.6 128.0 

.0 

.o 

.1 

.2 

.4 

.7 
1.1 
1.5 
2.0 
2.5 

2.9 
3.4 
3.8 
4.2 
4.6 

4.9 
5.3 
5.5 
5.8 
6.0 

6.3 
6.5 
6.6 
6.8 
6.9 

7 .1 
7.2 
7.3 
7.4 
7.5 

.0 

.o 

.4 

.6 
LO 

1.5 
2.0 
2.5 
3.0 
3.5 

3.9 
4.3 
4.7 
5.0 
5.3 

5.5 
5.8 
6.0 
6.1 
6.3 

6.5 
6.6 
6.7 
6.8 
6.9 

.o 

.o 

.8 
2.2 
5.0 

9.4 
15.3 
22.5 
30.6 
39.2 

48.0 
56.7 
65.1 
73.1 
80.6 

87.6 
94.1 

rno.1 
105 .6 
·110.6 

1·15 .2 
119.4 
123.3 
126.8 
130.1 

7 .o 133.1 
7.1 135.8 
7.1 138.3 
7.2 140.6 
7.3 142.8 



Yield table for Eucalyptus globulus 

Coppice stand 

Site class: 1 

Age Hdom (lgM HgM N G v 

4.2 
2 8.1 
3 11.7 
4 15.1 
5 18.2 

6 21. ·1 
7 23.8 
8 26.2 
9 28.5 

10 30. 7 

2.5 
5 .·I 
6.8 
8.6 

10.4 

12.1 
13.8 
15.4 
16.9 
18.3 

4.0 41094 
7.3 15528 
9.9 8985 

·12.s 6188 
·1s.1 4686 

5.4 15.8 
12.1 52.6 
15.8 85.9 
19.8 128.1 
23.7 176 . 5 

17.7 3768 27.4 228.S 
20.2 3157 30.8 282.4 
22.5 2725 33.9 337.1 
24.7 2406 36 . 8 391.7 
26.8 2163 39.4 445.7 

MAI 

15.8 
26.3 
28.6 
32.0 
35.3 

38.1 
40.3 
42.1 
43.5 
44.6 

Appendix 5 E 

CAI 
D R Y M A S S E S 

Stem e.ranch Leaf Total 

15 .8 
36.7 
33.3 
42.2 
48.4 

8.8 
29.1 
47.4 
70.6 
97.3 

52.0 125.8 
53.9 155.4 
54.7 185.4 
54.7 215.4 
54.0 245.0 

4.8 15.3 
6.4 13.6 
7.8 13.3 
9.4 13.7 

11.0 14.1 

12.4 
13.8 
15.1 
16.2 
17.3 

14.S 
14.8 
15.1 
15.3 
15.S 

28.9 
49.1 
68.5 
93.7 

·122.4 

152.8 
184.1 
215.6 
247.0 
277.9 

11 32.6 19.7 28.8 
12 34.5 20.9 30.7 
13 36.1 22.1 32.4 
14 37.7 23.2 34.1 
15 39.2 24.2 35.6 

1971 41 . 9 498.6 45.3 52.9 274.0 
1818 44.1 549.9 45.8 51.4 302.1 
1693 46.2 599.6 46.1 49.6 329.3 
1590 48.2 647.3 46.2 47.7 355.4 
1503 49.9 693.0 46. 2 45.7 380.5 

18.3 
19.2 
20.1 
20.9 
21.6 

15.7 308.0 
15.9 337.2 
16.0 365.4 
16.1 392.4 
16.2 418.3 

16 40.S 
17 41.8 
18 42.9 
19 44.0 
20 45.0 

25.2 
26.1 
26.9 
27.6 
28.4 

21 45.9 29.0 
22 46.8 29.7 
23 47.6 30.2 
24 48.3 30.8 
25 49.0 31.3 

37.0 1429 51.6 
38.3 1366 53.1 
39.6 1312 54.5 
40.7 1265 55.8 
41.8 1224 57.0 

736.6 
778.1 
817 .s 
854.7 
890.0 

42.8 1187 
43.8 1155 
44.6 1127 
45.5 1101 
46.2 1079 

58.1 923.2 
59.1 954.4 
60.1 983.8 
61 , 0 1011.4 
61.8 1037 .3 

26 49.6 31.7 46.9 
27 50.2 32.2 47.6 
28 50.7 32.6 48.2 
29 51.2 32.9 48.7 
30 51.7 33.3 49.3 

1059 62.S 1061.S 
1040 63.2 1084.2 
1024 63.9 1105.5 
1009 64.5 1125.3 

996 65 .o 1143. 9 

46.0 43. 6 404.3 22 .3 16.3 442.9 
45.8 41.5 427.0 22 .9 16.4 466.4 
45.4 39.4 448.6 23 .5 16 . 5 488.6 
45.0 37.3 469.0 24 .0 16 .6 509 . 6 
44.5 35. 2 488. 2 24. S 16 . 7 529 . 4 

44.0 
43.4 
42.8 
42.1 
41.5 

40.8 
40.2 
39.5 
38.8 
38.1 

33.2 
31.3 
29.4 
27.6 
25.9 

24.3 
22.7 
21.2 
19.8 
18.5 

506. 4 
523.5 
539.S 
554.6 
568.8 

582.0 
594.4 
606.1 
616.9 
627.0 

25.0 
25.4 
25.8 
26.1 
26.5 

26.8 
27.1 
27.3 
27 . 6 
27.8 

16.7 
16.8 
16.8 
16.9 
16.9 

17.0 
17.0 
'17 .o 
17 .1 
'17 .1 

548.1 
565.6 
582.1 
597.6 
612.2 

625'.8 
638.5 
650.4 
661.5 
67'1. 9 

Yield table for Eucalyptus globulus Appendix 5 F 

Coppice s tand 

Site class: 2 

Age Hdom DgM HgM N G v MAI 
D R Y M A S S E S 

CAI Stem e.ranch Leaf Tot• 

1 3.5 
2 6.8 
3 9.8 
4 12.6 
5 15.2 

2.0 
4.1 
5.9 
7.2 
8.6 

3.5 
6.1 
8.5 

50000 3.9 
20352 9.9 
"11776 13.8 

'10. 4 
38.1 
67.2 
95.3 

10.4 10.4 
19 .1 27. 7 
22.4 29.1 
23.8 28.1 
25.8 33.8 

5.8 
21.1 
37.1 
52.6 
71.2 

4.3 
5.8 
7.0 
8.1 
9.4 

·JS .4 
13.8 
13.3 
13.4 
13. 7 

25. 
40. 
57. 
74. 
94. 

10.5 
12.6 

8"110 ·16. 8 
6142 19.9 129.1 

6 17.6 10.0 14.6 4938 
7 19.8 11.3 16.5 4137 
8 21.9 12.6 18.4 3571 
9 23.8 13.8 20.2 3·153 

10 25.5 15.0 21.9 2834 

11 27 .2 16.0 
1 '.2 28 . 7 17.0 
13 30.1 18.0 
14 3'1.4 18.9 
15 32.6 19. 7 

23.4 
24.9 
26.3 
27.6 
28.8 

16 33.8 20.4 30.0 
17 34.8 21. 2 31.0 
18 35.8 21.8 32 .0 
19 36.7 22 .5 33 .0 

0 37 . S 23 .0 33 .8 

21 38 . 3 
22 39.0 
23 39.6 
24 40. 2 
25 40.8 

26 4·1.3 
27 41 .8 
28 42.3 
29 42.7 
30 43.1 

23 . 6 
24.1 
24.5 
25.0 
25.4 

25.7 
26.1 
26.4 
26.7 
27.0 

34.6 
35.4 
36.1 
36.7 
37.3 

37.9 
38.4 
38.9 
39.3 
39.8 

2584 
2383 
2219 
2084 
1970 

1874 
1791 
1720 
1658 
1604 

1556 
1514 
1477 
1444 
1414 

1387 
1363 
1342 
1322 
1305 

22.9 166.0 27.7 
25.8 204.4 29.2 
28.4 243.S 30.4 
30.8 282.7 31.4 
33.0 321.4 32.1 

35.1 359.4 
37.0 396.2 
38.8 431.9 
40.4 466.2 
41.9 499.0 

32.7 
33.0 
33.2 
33.3 
33.3 

36.8 
38.4 
39.1 
39.2 
38.7 

37.9 
36.9 
35.6 
34.3 
32.8 

91.5 10.6 14.1 
112.6 11.8 14.3 
134.1 12.8 14.6 
155.6 13.8 14.8 
176.9 14.7 15.0 

197. 7 
217 .9 
237.4 
256.2 
274.2 

15.6 
16.3 
17 .1 
17.7 
18.3 

15.2 
15.3 
15.5 
15.6 
15.7 

'116. 
138. 
161. 
184. 
206. 

228. 
249. 
270. 
289. 
308. 

43.3 
44.6 
45.8 
46.9 
47 .9 

530.4 
560. 2 
588.5 
615.2 
640.S 

33.1 
33.0 
32 .7 
32.4 
32.0 

31.3 291.4 18.9 15.8 326. 
29.8 307.7 19.4 15.9 343. 
28.3 323.2 19.9 16.0 359. 
26.8 337.9 20.4 ·16.0 374. 
25.3 351.7 20.8 16.1 388. 

48.8 
49 . 7 
50.5 
51. 2 
51.9 

52.6 
53.2 
53.7 
54.2 
54.7 

664.4 
686.9 
708.0 
727.8 
746.4 

31.6 
31.2 
30.8 
30.3 
29.9 

23.9 
22.5 
21.1 
19 . 8 
18.6 

763.8 29.4 17.4 
780.2 28.9 16.3 
795.4 28.4 15.3 
809.7 27.9 14.3 
823.0 27.4 13.3 

364.8 
377 .1 
388.6 
399.5 
409.7 

419.2 
428.1 
436.S 
444.3 
451.6 

21.2 
21.5 
21.8 
22.2 
22.4 

22.7 
22.9 
23.2 
23.4 
23.6 

16.2 402. 
16.2 414 .. 
16.3 426. 
16.3 438. 
16.4 448. 

16.4 
16.4 
16.5 
16.5 
16.5 

458. 
467. 
476. 
484. 
491. 



Yield table for Eucalyptus globulus Appendix 5 G 

Coppice stand 

Site class : 3 

Age Hdom DgM HgM N G v MAI CAI 
D R Y M A 5 5 E -S

Stam Br~nch l na f ToLA l 

1 2.8 
2 5.4 
3 7.8 
4 10 . 1 
5 12 .1 

.0 .0 50000 
3.2 5 . 0 28340 
4.9 7.0 16399 
6.0 8.7 11 293 
7.0 10. 2 8553 

.o 
7.6 

11.6 
'14 . '] 
16. 2 

.o .o 
25 . 4 12 . 7 
1,9_3 •16.1, 
69.5 17,1, 
90. 2 18.0 

.o 
5.4 
3 . 8 

.o 
!',.I 
/ 7.3 
38 . 1, 
1,9.8 

.o .o 
• 2 [I, .~ 

6 . 3 13.6 
7.'I 13 . 3 
7.9 13 . 4 

6 14.1 8.0 11. 7 6877 18. 5 11 3 . 8 19. 0 23.6 62.8 8.9 13 . 6 
7 15.8 9.0 13.1 5761 20 . 7 138.9 19 .8 25. 1 76.6 9.7 13.8 
8 17.5 10.0 14.5 4973 22.8 164 .6 20.6 25.7 90.8 10.6 14.0 
9 19.0 10.9 15.8 4391 24.8 190.5 21.2 25.9 105.0 11.4 14. 2 

10 20.4 11.7 17.1 3947 26.6 216.2 21.6 . 25.7 119.1 12.1 14.4 

11 21.7 12.5 
12 23.0 13.3 
13 24.1 14.0 
14 25.1 14.7 
15 26.1 15.3 

18.3 3598 
19.4 33·19 
20.5 3091 
21.5 2902 
22.4 2743 

28 . 2 241.4 
29.8 265.9 
31.2 289.6 
32.5 312.5 
33.8 334.3 

21.9 
22.2 
22.3 
22.3 
22.3 

25.2 132.9 
24.5 146.4 
23. 7 159.4 
22.8 171.9 
21.9 183.9 

12.8 
13.4 
14.0 
14 . 5 
15.0 

14.6 
14.7 
·14.9 
15. 0 
15.1 

.o 
33.6 
47.1 
sa.e 
71.1 

85.3 
100. 2 
11 5 .4 
130. 6 
145.6 

160 .3 
174.5 
188.2 
20'1.4 
214.0 

16 27.0 
17 27 .8 
18 28 . 6 
19 29.3 
20 30.0 

15.9 
16.5 
17.0 
17.S 
17.9 

23.3 
24.1 
24.8 
25.5 
26.2 

2609 34.9 355.2 
2494 35.9 375.1 
2395 36.9 394.0 
2309 37.8 411.8 
2233 38.6 428.7 

22.2 
22.1 
21.9 
21. 7 
21.4 

20.9 195.4 15.5 15.2 226.0 
19.9 206.3 15.9 15.3 237.4 
18.9 216.6 16.3 15.3 248.3 
17.9 226.4 16.7 15.4 258.5 
16.9 235.7 17.0 15 . 5 268.1 

21 30.6 
22 31.2 
23 31. 7 
24 32.2 
25 32.7 

18.3 
18. 7 
19.0 
19.4 
19. 7 

26.8 
27.4 
27.9 
28.4 
28.8 

2167 39.4 444.6 
2108 40.1 459.6 
2057 40.8 473.7 
2010 4L4 486.9 
1969 41.9 499.3 

21.2 15 . 9 244.4 17.3 
20.9 15.0 252.6 17 , 6 
20.6 14.1 260.3 17.9 
20.3 13.2 267.6 18.1 
20.0 12.4 274.4 18.3 

15.5 
15.6 
15.6 
15.7 
15 .7 

277.2 
285.8 
293.8 
301.4 
308.4 

26 33.1 20.0 29.3 1932 42.4 511.0 19.7 11.6 280.8 18.6 15.7 315.0 
27 33.5 20.2 29.7 1899 42.9 521.8 19.3 10.9 286 . 7 18.7 15 .8 321.2 
28 33.8 20.5 30.0 1869 43.4 532.0 19.0 10.2 292.3 18.9 15.8 327.0 
29 34.2 20.7 30 . 4 1842 43.8 541.5 18.7 9.5 297.5 19.1 15.8 332 . 4 
30 34.5 20.9 30.7 1817 44.2 550.4 18.3 8.9 302.4 19.3 15.9 337.5 

Yield table for Eucalyptus globulus Appendix 5 H 
Coppi ce stand 

Sito c l ass : '• 

AQn lldom DQM HgM N G v MAI CAI 
D R Y M A S S E S 

Stem Branch Leaf Total 

I 
2 
3 

5 

2 .1 
1,.1 
5.9 
I . S 
9 . ·1 

6 10. 5 
7 11. 9 
8 13.1 
9 14. 3 

10 15.3 

11 16.3 
12 17.2 
13 18.1 
14 18.9 
15 19. 6 

.o 

.4 
3 . 6 
4.7 
5 . 6 

6 . 2 
6.9 
7.5 
8 .1 
8.7 

.o 50000 .o 
3 . 9 43430 5 .1 
5 _1, 25131 8 .4 
6.8 17306 1'1. 2 
8.0 13107 13.3 

9.0 10538 14. 5 
10.0 8829 16 .0 
10.9 7621 17.4 
11.8 6729 18.8 
12 .7 6048 20 .1 

9.3 13.5 5514 21.3 
9.8 14.3 5086 22.5 

10.3 15.0 4736 23.6 
10.8 15.7 4447 24.6 
11.2 16.4 4204 25.5 

16 20.3 11.6 17.0 3998 
17 20.9 12.0 17.5 3822 
18 21.5 12.4 18.0 3670 
19 22.0 12.7 18.5 3538 
20 22.5 13.0 19.0 3422 

26.3 
27 .1 
27.9 
28.6 
29.2 

21 23.0 
22 23.4 
23 23.8 
24 24.1 
25 24.5 

13.3 19.4 
13.6 19.8 
13.8 20.2 
14 . 1 20.5 
14.3 20.9 

332·1 
3231 
3152 
3081 
3017 

29.8 
30.3 
30.8 
31.3 
31. 7 

.0 
14.7 
29 .5 
46.2 
62 .0 

.0 
7.3 
9.8 

11.6 
·12 .4 

. 0 
14.7 
14.8 
16.7 
15.8 

73 .8 12 .3 11.8 
87.4 12 .5 13.6 

101.8 12 . 7 14.4 
116.6 13.0 14.8 
131.4 13.1 14.8 

'146. 1 
160.4 
174.3 
187.7 
200 . 6 

13 . 3 14. 7 
13.4 14. 3 
13.4 13.9 
13.4 13.4 
13.4 12 .9 

.0 
8.1 

16.4 
25.6 
34.3 

40.8 
48.2 
56 . 2 
64.3 
72.5 

.0 
4.8 
5.4 
6.1 
6.8 

7.3 
7.8 
8.4 
9.0 
9.5 

.o 
15.5 
14 .1 
13.7 
13.5 

13.3 
13 .3 
13.5 
13 .6 
l3.8 

80.5 10.0 '13.9 
88.4 10.5 14.0 
96.1 10.9 14.1 

103.4 11.3 14.2 
110.5 11.7 14.3 

212.9 13.3 12.3 117.3 12.0 
224.6 13.2 11.7 123 .7 12.3 
235 ,8 13.1 11.1 129.8 12.6 
246.3 13.0 10.6 135.6 12 . 9 
256.3 12.8 10.0 141.1 13.2 

14.4 
14.5 
14.6 
14.6 
14.7 

265. 7 
274.6 
282.9 
290.7 
298.1 

12. 7 
12.5 
12.3 
12.1 
11.9 

9.4 
8.9 
8.3 
7.8 
7.3 

146 . 3 
15'1.1 
155.7 
160.0 
164.1 

13.4 14.7 
13.6 14.8 
13.8 14.8 
14. 0 14.9 
14.2 14.9 

26 24.8 14.5 21.1 
27 25.1 14.7 21.4 
28 25.4 14.8 2'1. 7 
29 25.6 15.0 21.9 
30 25.9 15.2 22 .1 

296'1 32.1 305.0 
2910 32.5 311.4 
2864 32.8 317.5 
2822 33.1 323.1 
2784 33.4 328.4 

11. 7 
11.5 
11.3 
11.1 
10.9 

6.9 167.8 14.3 14.9 
6.4 171.4 14.5 15.0 
6.0 174.7 14.6 15 .0 
5.6 177.8 14.8 15 . 0 
5.3 180.7 14.9 15.1 

.0 
28.4 
35.8 
45.4 
54.5 

6'I. 3 
69.4 
78.1 
86.9 
95.7 

104.4 
112.9 
121.1 
129.0 
136.5 

143.7 
150.5 
157.0 
163.2 
168.9 

'174.4 
179. 5 
184.4 
188.9 
193.1 

197 .1 
200.8 
204.3 
207.6 
210.6 



Appendix 6 
aJVIPUTATION FoRM FOR FOREST MANAGEMENT PIANNI~ 

(Yield Table Math::xi ) Rotation years 

SC=Site Class, CF=Correction factor due to 1.Jirlerstocking, Hd=don.height 

STATUS AT THE BEGINN~ HARVEST OF THE STATUS AT THE 
( IN ) -YEAR PERIOD END OF 

- - -

Canp/ Area Spe SC Age Hd Trees CF Vol/ Vol / Year Vol / Vol/ Age Vol/ Vol / 
Unit ha yr m /ha ha unit ha unit yr ha unit 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

\ 

l 

I 

l -I 

"T 

_'ic 

SUM: SUM: SUM: 
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