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Addendum by authors

The strength of this manual lies in the overall process it describes for conducting a
participatory inventory, and in the many practical tips it provides for working with
communities.

However, in retrospect, we feel the manual is too prescriptive in promoting one
sampling design (i.e. the use of inventory lines, also known as “strip sampling’). We
urge you to explore other sampling designs that might be better suited for your
particular situation (such as stratification, multi-stage sampling, simple random
sampling, systematic line plot sampling...). The range of options available to you will
be outlined in any standard forest inventory manual.

In the sampling design promoted in this manual, an error was made in calling
contiguous plots along the inventory line “plots’. If they are lined up end to end like
this, they cannot be considered as distinct ‘plots’. To be statistically correct, you
should use the lines as the plots, in other words, each inventory line is a separate
‘plot’. Just call all 10 x 10 m subplots along the line “subplots’ and don’t sum them up
into five-subplot “plots’. Using the lines as plots (rather than groups of five subplots)
will considerably reduce the total number of plots completed in a given inventory, this
will decrease (but reflect more accurately) the level of precision of the estimate.



Errors in participatory inventory manual
p. 71: Para 3/Figure 6.3 heading: delete ‘or reduce’

p. 86: Para 1 of Example 7.1; delete ‘over’ in the sentence “amounting to (over) 314
gardens’

p. 87: Delete: *(if enumerating timber species only, the lines should be spaced 20
metres apart)’

p. 88: Delete: *(2.0 hectares if lines are 20 metres apart)’ and ‘(3.0 hectares if lines are
20 metres apart)’

p 96: para 2: ‘as outlined in Box 7.1’ (not 7.2)

p. 99: Numerical errors in Example 7.6: *70 plots have been...gives a total length of
3500 metres (70 x 50 = 3500). The map scale... allocated plots (3500) metres....

p. 174: Figure 13.7 has the wrong figure, the correct one is attached

p. 176: Figure 13.9 has the wrong figure, the correct one is attached

p. 191: Figure 15.5 has the wrong figure, the correct one is attached

p. 223: First point (5): At the beginning, cut ‘“The sum of the number of plants in all
plots is squared, then’: ‘Consult the compilation form or set of forms and find the
final row, titled ‘total for area or forest type’. This row contains the sum of the plants
in all the plots in the area or forest type. This value is symbolised by (sum symbol)y.

This value should be squared, then’

p. 223: Third point (7): change ‘symbolised by V’ to ‘symbolised by Vy’ (with a line
over the y)

p. 224: in point 13: insert after *...size of each plot, a.” “this is symbolised by C.’
p. 318: In the example used, the number of positions after the decimal are not
consistent. It should be *10.0 plants per plot, rather than “10’.

p. 337: Box M.1 (para 3) and p. 338 (Figure M.1: on figure and in heading) change
‘number of fruit’ to ‘root biomass’.
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Introduction

Who this manual is for

This manual is designed for people who wish to facilitate a participatory inventory. It can be used
by people who work with villagers, or by the villagers themselves. The users of the manual must
have a good level of literacy and an understanding of basic mathematics.

The aim of this manual

A participatory inventory is, by definition, an inventory done with the participation or active
involvement of a village. The villagers make all the crucial decisions, and are involved in all of the
steps of the inventory. The role of the people who use this manual is solely that of facilitator.

The aim of this manual is to provide the facilitators with step by step instructions on how to
conduct a participatory inventory, which the facilitators in turn must relay to the villagers. For
each step of the method, therefore, the manual describes how to explain any new information to
the villagers and how to provide them with training in any new skills.

How the participatory inventory method was developed

The authors of this manual developed the participatory inventory method from a number of
sources. Initially, we developed a basic method consisting of an assemblage of techniques. These
included:

* Participatory Rural Appraisal (PRA) techniques,
* Standard mapping techniques, and
* Standard inventory techniques.

These techniques, and the way in which they have been applied to the participatory inventory
method, are described in more detail below.

Participatory Rural Appraisal (PRA) techniques

PRA techniques provide an efficient and flexible way of identifying development issues or prob-
lems in a village and developing solutions for them. With PRA, an outsider goes to the village in
the role of facilitator. The planning and decision making is taken by the villagers and not the
outsider.
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PRA techniques are used at several stages in the participatory inventory method. They can be
used at the outset to familiarise outsiders with the village situation, enabling them to be more
effective facilitators of village meetings. They are also used by the facilitators to help the villagers
to discuss and make important decisions in these village meetings about:

*  Whether or not the villagers want an inventory,
* The purpose and objectives of the inventory, and

* Plans for follow up to the inventory.

Standard mapping techniques

Mapping is also closely linked with the participatory inventory method. An accurate map is needed
in order to plan an inventory, and must be made by ground surveying if it cannot be copied from
available maps, aerial photographs or radar images. However, this ‘planning map’ only needs the
bare minimum of information essential for planning. During the inventory work, additional
information can be gathered which will enable a more complete map to be made, if desired. This
final map can be used to display the methods used in the inventory (i.e. where the villagers placed
their plots) or the results of the inventory (i.e. where the forest resources were found in highest
numbers).

Note: If the villagers want to use maps for purposes other than displaying inventory methods and
results (e.g. for displaying village land uses, land tenure or important cultural sites), they may
need to separate their mapping activities from their inventory activities. They should consider
making this multiple purpose map before beginning a participatory inventory. To do this, they
should consult a mapping manual such as Flavelle (1996), or seek training on how to make a
multiple purpose map. However, the villagers should still try to ensure that their multiple pur-
pose map contains the information necessary for planning a participatory inventory.

Standard inventory techniques

Standardised inventory methods are used by foresters and other professional people to quantify
forest resources, usually commercial timber species, in forests under their management. In par-
ticipatory inventory, some of these standardised inventory methods have been selected for use by
villagers to quantify locally important forest resources, both commercial and non-commercial,
timber and non-timber, in forests around the village.

Villagers can quantify forest resources by counting every plant in the forest, a process called 100%
enumeration. Under some circumstances this may be a good method to use, but generally 100%
enumeration almost always costs too much time, people and other resources to make it worth-
while. Alternatively, villagers can quantify forest resources by sampling. This involves marking
out small areas of land called plots in the forest and counting only the plants that are found
within these plots, in order to arrive at reasonably reliable estimates of total quantity with con-
siderably less cost. Standard inventory techniques almost always use some form of sampling.

The challenge, in selecting standard inventory techniques to be recommended in this manual
from the range of techniques available, was to choose those that are:

* Simple,
¢ Accurate, and
* Cost efficient.

The importance of all three of these aims is discussed below.
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Simplicity

When conducting a participatory inventory, it is very important that all villagers involved under-
stand the basic concepts of participatory inventory (i.e. what it is, what it can be used for, how it
is done) so that they can participate in all major decision making. It is less important that all
villagers understand the technical aspects of inventory (i.e. how to plan the location of the plots,
or how to calculate the quantity of a resource). Nonetheless, at least some of the villagers should
understand these technical aspects so that if necessary they can explain their inventory methods
and results to the people to whom the results are presented.

Thus the technical aspects of inventory should be comprehensible to at least the more educated
and numerate members of the village. This might preclude, for example, using complicated
mathematical analyses. Technologies which require a fairly high level of training or which are
expensive or difficult to obtain may also not be suitable for participatory inventory. For these
reasons, the method described in this manual does not rely on the use of equipment such as
remote sensing images, Global Positioning Systems (GPS) or computers, although mention is
made of how these technologies can be used if they are available.

Accuracy

The accuracy of an estimate is related to the difference between an estimated value (i.e. the esti-
mated quantity of a resource after sampling has taken place) and the true value (i.e. the actual
quantity of a resource in the same area). The lower the difference, the greater the accuracy. For
example, if the true number of trees in an area is 15,637 trees, an estimate of 15,600 trees is much
more accurate than an estimate of 15,500 trees.

It is important to have estimates which are as accurate as possible. The main reason why villagers
should want accurate results is in order to make the right decisions. If the information the villag-
ers have obtained from an inventory is not correct, they may make the wrong decisions and
jeopardise their own future use of their forest resources. Another reason why they may want to
have accuracy is in order to have credibility with the people to whom they plan to present the
results. If necessary, anyone can check inventory results by conducting another inventory. If the
estimates from the second inventory are very different from the results of the original inventory
then the results of the original inventory, and the people who obtained them, may lose credibility.

Inventory techniques which will help villagers to achieve accurate estimates have been selected
for use in the participatory inventory method described in this manual. These include:

* Objective methods for selecting where to place the plots,

* Carefully defined procedures for determining whether a plant is in or out of a plot,

* Carefully defined procedures for measuring the plants,

* Thorough training in the use of these procedures, and

* Frequent checks of the work that has been completed.

Cost efficiency

The precision of an estimate is a measure of the level of confidence that you can have in an esti-
mate, even if you do not know the true value. Precision is a statistical concept that will be defined
later in the manual. To use an example of a measure of precision, an estimate of 15,600 £ 100
trees (at 90% probability) implies that in 90 cases out of 100 the true value is likely to be within
the confidence limits that have been set around the estimate (i.e. in 90 cases out of 100 the true
value is likely to be between 15,500 and 15,700 trees). Thus, an estimate of 15,600 = 100 trees (at
90% probability) is more precise than an estimate of 15,600 = 1000 trees (at 90% probability).
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The precision is important because if you do not state the precision of an estimate, the villagers,
and more importantly any outsiders familiar with inventories, will have no idea of how reliable
the results are.

The most important practise in increasing the precision of an estimate, as opposed to increasing
the accuracy, is to:

* Establish as many plots as possible in the inventory area.

However, increasing the number of plots increases the cost of the inventory. This cost includes
the time, people, and resources required to establish plots and count the plants within them.

A cost efficient inventory is one in which the precision is as high as possible for a given cost.
Inventory techniques which improve cost efficiency have been recommended in this manual.
These include:

* A cost efficient pattern for placing the plots called ‘systematic strip sampling’,

* Advice on how to select a cost efficient orientation (or direction) for these plots.

How the participatory inventory method was evaluated and improved

After developing the participatory inventory method, the authors of this manual evaluated it over
the course of two trial inventories conducted in villages in East Kalimantan and Jambi provinces
in Indonesia, as well as subsequent training workshops conducted with people from villages,
government and non-governmental organisations from across Indonesia. Consultation with vil-
lagers and other collaborators resulted in a number of improvements to the method and the
manual.

This method has been developed for the particular social, economic and ecological context of
Indonesia. By developing this method in Indonesia, it is likely that we have taken for granted the
existence of certain conditions that may not apply to countries besides Indonesia. These may
include, for example, the type of forest in which the inventory will be conducted, the type of
forest resources that the inventory will be quantifying, the general education level of the villagers,
or the uses to which they are likely to put their inventory results. Nonetheless, this method is
likely to have relevance for other countries in Southeast Asia as well as other countries in the
tropics, as long as the users of this manual bear in mind that their conditions may differ from
those under which this manual was developed.



How To Use This Manual

This manual consists of a series of step by step instructions to guide the facilitator, and for later
steps the inventory team, through the process of a participatory inventory. This process consists
of four main stages, each of which is discussed in its own section of the manual:

1. Decision making in the village: Here, the facilitator helps the village as a whole to make
important decisions about the inventory in a series of village meetings. These decisions
include whether or not the villagers want to conduct an inventory, and if they do what the
purpose and objectives of the inventory will be. The villagers also select a group of villagers
to form the inventory team that will conduct the remainder of the inventory.

II. Planning the inventory work: In this stage, the inventory team makes all plans and
preparations for the inventory work in the forest. This includes assembling the equipment,
preparing a planning map, planning where to locate the plots, deciding how to measure
the plants and the environment, designing a data form for recording these measurements,
and planning how to organise the inventory work in the forest.

III. Inventory work in the forest: Here, the inventory team conducts the inventory work in the
forest, including the initial training, the work itself, checks of the work, and the collection
of botanical specimens of the forest resources included in the inventory.

IV. Presenting the results of the inventory: In this final stage, the inventory team returns to
the village to sort, prepare and present the results of the inventory. They must prepare the
final maps, compile the inventory data and calculate the final results, write the final report
and present the contents of the final report to the villagers. They must also help the
village as a whole to plan the follow up activities in a final village meeting.

The four stages described above have been broken down into smaller steps, each of which is
described in its own chapter in the manual. The step by step, or chapter by chapter, instructions
for the participatory inventory method, found in the main body of the manual, have been sepa-
rated from descriptions of specific skills or useful background information, which are found in
appendices at the end of the manual. You will be referred to the relevant appendices at the
beginning of each chapter, as well as in footnotes throughout the main body of the manual.

To use this manual, it might help to begin by reading the introductions at the beginning of each
chapter in order to obtain an overview of the participatory inventory method. Then, begin at
Chapter 1 and work your way through to Chapter 19.

This manual is not meant to be prescriptive. You the reader are encouraged to use your creativity
to alter the process outlined in the manual in any way that might make it more appropriate to
your particular situation. However, you are advised to improvise on your areas of strength, not
your areas of weakness. For example, readers with much experience in working with villagers are
very likely to come up with better ways of facilitating decison making in the village. However, if
they do not have a background in forestry inventories, they should follow closely the manual’s
instructions for planning the inventory and conducting the inventory in the forest.
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Objectives

After reading this chapter, you will be able to complete the following tasks
1.1. Prepare to introduce participatory inventory to the villagers,
1.2. Hold a preliminary meeting with the village leaders, and
1.3. Hold an introductory general village meeting.

Skills/information required

The skills or background information that you will require can be found in:

* An overview of the participatory inventory method, obtained by reading the introductions
to the chapters in this manual.

* Appendix A. Organising and facilitating village meetings.

Materials required

* Large sized paper, broad nib marker pens, drawing pins, other materials for preparing
visual displays (optional), lighting, food and drinks.

Introduction

A participatory inventory begins with the villagers making a number of important decisions. The
most crucial of these decisions is whether or not the villagers want an inventory for their village.
Participatory inventory will be a new idea to most villagers. All villagers should have a basic
understanding of participatory inventory before deciding whether or not they want one. This
chapter discusses how to explain participatory inventory to the villagers and ask them to decide
whether they are interested.
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1.1. Prepare to introduce participatory inventory to the villagers

There is no single way to introduce participatory inventory to a village. Each person or group of
people introducing a participatory inventory to a village will differ in their reasons for introduc-
ing the inventory, their relationship with the villagers and the amount of support they are able to
provide to the inventory.

If you are planning to introduce participatory inventory to villagers, you should begin by thinking
about:
* The questions the villagers are likely to have about participatory inventory, and

* The best way to present the answers to these questions.

1.1.1.  The questions that the villagers are likely to have about
participatory inventory

The villagers are likely to have a number of questions for you when you present them with a
proposal for participatory inventory. Some of these might be:

* Who are you the facilitator (i.e. where do you come from, what organisation do you
represent) and why are you proposing a participatory inventory (i.e. what is your personal
motivation)?

* What is participation and why is it important?

*  What is an inventory?

*  What is participatory inventory?

*  What type of outputs will be produced by a participatory inventory?

* What are possible uses of participatory inventory?

* What are possible misuses or risks of participatory inventory?

* How is participatory inventory done?

1.1.2. The best way to present the answers to these questions

After thinking about the questions you might be asked, you should prepare a summary of appro-
priate answers to these questions. You should then plan how you will present this information at
the introductory meetings that you will be holding in the village."

You are likely to give the same answers whatever the type of meeting. However, the way in which
you present these answers may vary. For example, at the preliminary meeting with village leaders,
where the atmosphere is calmer and the group more focused, you may make a verbal presenta-
tion. However, at the general village meeting, where the atmosphere is more lively and attention
spans may be shorter, you may choose to make use of a wider range of techniques in order to
involve and inform everybody. These techniques can include using examples chosen from the
villagers’ lives, drawings, diagrams, dramas, demonstrations and plenty of interaction between
facilitators and villagers. You can also show photos, slides or videos from a previous participatory
inventory done in another village, or bring a villager who was involved in a previous participatory
inventory to explain his or her experience with participatory inventory to the villagers.

1 Appendix A provides advice on how to plan village meetings.
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1.2. Hold a preliminary meeting with the village leaders

Upon arriving in a village the facilitator, or team of facilitators, initiating the inventory should first
identify the individuals and institutions which are responsible for governing the village. These
may include members of the village council, elders, local government officials, teachers and/or
religious leaders. You should organise a meeting with these people in order to introduce the
main concepts of participatory inventory to them.

You should also ask the leaders of the village for permission to conduct a general village meeting.
You should tell the village leaders that this meeting will introduce participatory inventory to all of
the villagers and ask them if they want to conduct a participatory inventory.

1.3. Hold an introductory general village meeting

There is often a protocol for organising village meetings. You should find out who in the village
are usually responsible for running these meetings and work with them.? This section describes
answers to some of the questions that the villagers might ask. It also provides examples of ways in
which these answers have been presented in past general village meetings.

1.3.1.  Present an introduction to participatory inventory

Who are you the facilitator and why are you proposing a participatory inventory?

Villagers may be suspicious of you if you are an outsider. They will want to know what your
personal motive is for either proposing or wanting to be involved in the inventory. Thus is it
important that any facilitator who is new to the village:

* Introduce yourself,
* Say what organisation or group you come from, and

* Explain to the villagers why you are there.

What is participation and why is it important?
The meaning of participation (in the context of participatory inventory) is that:

* The villagers are the centre of the activity; they are the ones who make the important
decisions, who plan and implement the inventory and who control and use the data and
results,

* Everyone in the village is involved on an equal level in any significant decision making; in
other words, each important decision is made by consensus, and

* The facilitators are there only to provide information or training. One measure of their
success is whether villagers are able to conduct an inventory on their own after the training
is completed.

An example of how to explain the meaning of participation is described in Example 1.1.

2 Appendix A provides advice on how to hold a general village meeting.
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Example 1.1. Explaining the meaning of participation using the
example of gotong royong

In one village, the facilitators used the Indonesian concept of gotong royong
to explain the meaning of participation. Gotong royong describes activities
which villagers work on together, such as planting the rice. This illustrates
some aspects of participation, because everyone in the village is involved in
planning and working together on a project.

Participation is important (in the context of participatory inventory) because:
* It empowers the villagers,

* Itrecognises that the villagers know their history, traditions and current problems best, as
well as their forest and its resources; therefore their involvement can ensure that an
appropriate inventory is planned and conducted,

* It allows different people’s skills and knowledge (whether physical strength, formal
education or traditional knowledge) to be combined, and

* It makes the villagers better able to explain the methods and results to others, since they
have conducted the inventory themselves.

What is an inventory?

An inventory is an activity that allows people to count and record the quantities of something,
whether it is merchandise in a shop, people or plants. An interactive way to explain an inventory
is described in Example 1.2.

Example 1.2. Explaining what an inventory is

In one general village meeting, the facilitators displayed a drawing that they
had made of the inside of a shop. Several types of merchandise were drawn
on shelves. The facilitators also displayed a blank table for recording the
quantities of each item of merchandise. The facilitators asked children from
the village to come forward to count the different items in the drawing and
record the result in the table.

In a typical forestry inventory, people count and record quantities of a chosen forest resource or
resources in a chosen area or areas.

What is participatory inventory?

Putting the above definitions together, participatory inventory is an activity in which the villagers
are actively involved in counting and recording quantities of chosen forest resources in chosen
forest areas. With participatory inventory the involvement of villagers extends from initial deci-
sion making about the inventory to final control over what is done with the inventory results.

Example 1.3 shows one way of clarifying participatory inventory by contrasting it with a typical
forestry inventory.
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Example 1.3. Comparing a typical forestry inventory with a
participatory inventory

Facilitators can clarify what participatory inventory is by comparing it to a
typical forestry inventory, as shown in the table in Figure 1.1. If some villagers
are likely to be familiar with a typical forestry inventory, the facilitators can
present a blank table and ask the villagers to help to fill it in.
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Figure 1.1. An example of a table that compares a typical forestry
inventory with participatory inventory

What type of output will be produced by a participatory inventory?

Participatory inventories often result in the following outputs:

a) Maps,

b) Tables, and

¢) Reports.
Maps

About inventory maps:

* Before conducting an inventory, the inventory team must obtain or make a scale map
called a planning map in order to calculate the size of the inventory area and plan where
to go to count the forest resources.

* After an inventory is completed, the inventory team can add information to the initial
planning map. They can use the resulting inventory maps to show the methods used (i.e.
the location of the inventory lines) or the results obtained (i.e. the location of forest

resources).
You may want to use an example to help the villagers to understand what an inventory map is, as
described in Example 1.4.
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Example 1.4. An example of an inventory map

During an introductory village meeting, the facilitators displayed an example
of an inventory results map (see Figure 1.2) and explained that this map
shows the location of the village, rivers, watershed boundaries and different
land uses. They also described how this map shows where important forest
resources are found in highest concentrations.
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Figure 1.2. An example of an inventory results map showing the
relative density of resources in each watershed.

Tables
About inventory tables:

* Tables are arranged into rows and columns so that information in each square relates to its
corresponding row and column.

* An inventory table presents information about the quantities of a forest resource or
resources estimated for a specific area or areas. Often the columns of a table represent
forest resources and the rows represent forest areas.

You may want to use an example to help the villagers to understand what an inventory table is, as
described in Example 1.5.
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Example 1.5. Examples of inventory tables

Examples of inventory tables were shown in the same village meeting
described in the previous example (see Figure 1.3). Care was taken not to
use complex numbers. The areas mentioned in the tables were linked to
those watershed areas illustrated in the inventory results map (see Figure
1.2). The facilitators explained the following points:

* What the rows represent: Each row represents a different area (or
watershed) within the overall inventory area, with the bottom row
representing the total for the inventory area.

* What the columns represent: Each column represents a different forest
resource.

The facilitators also explained that in the first table (a), each cell represents
the density (i.e. the average number of plants found in one hectare) of a
forest resource in an area. In the second table (b), each cell represents the
quantity (i.e. the total number of plants) of a forest resource in an area.
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Figure 1.3. Examples of inventory tables showing a) the density (the
average number of resources per hectare), and b) the
quantity (the total number of resources in each area).

Reports

An inventory report provides a written record of the participatory inventory. It may describe,
amongst other things, why the inventory was conducted, the objectives, the methods used, the

results (i.e. the information displayed in the inventory maps and tables) and the conclusions
drawn from these results.
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What are possible uses for participatory inventory?

Inventory maps display information about the location of forest resources, and inventory tables
display information about the quantities of forest resources in a given area or areas. Villagers can
use maps and tables as tools for communicating information about the location and quantity of
forest resources to outsiders or people from within the village. Some of the possible uses for
participatory inventory are listed in Box 1.1.

Box 1.1. Some uses for participatory inventory

1. To negotiate over rights of tenure or access to a forest area by showing
which areas have the highest densities or quantities of important forest
resources.

2. To negotiate over rights of tenure or access to a forest area by estimating
the minimum area of forest necessary to provide a sufficient supply of
important forest products to a village.

3. To predict the potential impact of a development project proposed for
a forest area.

4. To demonstrate the actual impact of a development project on a forest
area.

5. To describe the economic value of resources in a forest area.
6. To plan the location of forest management zones.

7. To plan a sustainable level of harvesting for specific forest resources,
and

8. To plan the management of their forest (combining uses 6 and 7, above).

There are no doubt other uses for inventory results, which the villagers may identify when they
determine the inventory purpose.

One way for the facilitators to illustrate these uses to the villagers is described in Example 1.6.

Example 1.6. Using short dramas to illustrate possible uses of
inventory results

In several introductory village meetings, the facilitators used short dramas
to provide the villagers with examples of how the inventory results were
used in an imaginary village. These dramas proved to be very popular with
the villagers, especially when local talent was drafted in! In these dramas
the actors portrayed villagers using inventory maps and tables as a means
of communication about their forest and its resources, in order to discuss
issues such as:

* A plan to create an industrial tree plantation in a forest used by villagers,
or

* A concern of village elders that certain resources in their forest were
not as plentiful as they used to be.

The content can be tailored so that it is relevant to the situation of the
village. However, it may be a good idea to show more than one drama to
provide a range of ideas on how the inventory results might be used.
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What are possible misuses or risks for participatory inventory?

There are potential misuses or risks in doing a participatory inventory, although some of these
can be minimised. Some of these risks are listed in Box 1.2:

Box 1.2. Some misuses or risks for participatory inventory

1. The villagers often have a more holistic view of the forest than the people
with whom they are communicating (for example, a commercial interest).
There is a danger that the villagers’ view will be lost when they use
inventory results to communicate with other people. For example, only
a limited number of forest resources can be enumerated in an inventory
due to the prohibitive cost of trying to count too many resources. Thus
the inventory results may under-represent the value of the forest
resources to the villagers. Also, the villagers often value the forest for
more than its resources. For example, the forest may have ecological
value (such as watershed protection) or cultural value (such as the site
of ancestors’ graveyards). One solution may be to make sure these
other important resources or values are mentioned in the inventory
report.

2. Aninventory incurs cost, because of the time and labour required. There
is a risk that this cost will be wasted if the inventory results cannot be
used. For example, the people for whom the results are intended may
not believe that the villagers have conducted the inventory in a
statistically appropriate manner and have produced credible results.
One solution is to discuss the plans for the inventory (i.e. the sampling
design) with these people before beginning the inventory, to see if they
approve of them. Another is to invite these people to observe or be
involved in the planning of the inventory or the collection of the
inventory data.

3. There is a risk that some factions within the village may use the inventory
results for their own benefit. The village must be sure it is unified in
agreement upon how the inventory results will be used.

4. The information on an inventory map or table may also be obtained by
people outside the village who will use this information for their own
benefit. For example, they may use information on the location of a
resource to harvest the resources themselves. If a forest resource with
a high commercial value is concentrated in one place, it may be a good
idea to exclude information about its location from the inventory results.

Some of these potential misuses or risks may also be highlighted in a short drama, as were the
potential uses described in Example 1.6.
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How is participatory inventory done?

Schedule of activities

During the introductory village meeting the facilitators can show the villagers a proposed sched-
ule of participatory inventory activities. This schedule cannot be very specific about the timing,
the number of people needed, etc. as the villagers will not yet have determined the purpose and
objectives of the inventory. However, the schedule can contain general information about:

* The major activities of the inventory,
* How much time each activity might take (e.g. one evening, several weeks),

*  Who will be involved (e.g. will this activity involve all villagers in a general village meeting
or just the members of the inventory team), and

*  Where the activity will take place (e.g. in the village, in the forest)

Figure 1.4 provides an example of a schedule of activities.
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Figure 1.4. Example of a schedule of participatory inventory activities.
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How to gather and analyse inventory data

Explaining how the inventory information is recorded in the forest and how this information is
analysed in order to produce an inventory table can be approached as follows, if you think the
villagers will be using sampling in their inventory?:
1. Explain first about the concept of sampling, using examples that come from the villagers’
own lives. An example is given in Example 1.7.

Example 1.7. An example of sampling

The way in which facilitators explained the concept of sampling in one
village went as follows:

‘If we want to know how many trees there are in the forest, one way of
doing this is to count every tree. However, this will take a lot of time and
effort. Another option is to use a method called sampling, which involves
using a few representative trees to estimate the total number of trees.’

‘We all use sampling in our everyday lives. For example, if we go to our rice
fields to see if the rice is ready for harvesting, we do not check every plant
to see if it is ripe, as this would take too much time. Instead, we walk about
the field and examine a few representative plants of the crop, maybe some
in the flat area where it is wet and some on the hilltop where it is dryer. If
these few representatives are ripe, we assume all the plants are ripe.’

‘To sample trees, we take representatives of the trees in the forest by using
something called a plot. A plot is a small area of land, for example, an area
of land that is 10 metres wide by 50 metres long. We can set up a plot in the
forest and count the number of trees within it. If we set up a sufficient
number of plots, we can then use the information we gather from them to
estimate the total number of trees in the forest.’

2. The second step is to describe how to establish an inventory plot and to count and measure
forest resources within the plot. Some ideas for doing so are discussed in Example 1.8.

Example 1.8. Ways of explaining how to establish and
enumerate a plot

The way in which a plot is established and enumerated can be explained
using drawings that show a view of the plots as if seen from above (see
Figure 1.5). Another way is by using a short demonstration, in which
facilitators and helpers act out the way in which the plots are established
and enumerated in the forest. Members of the audience can be encouraged
to participate in the demonstration.

> Chapter 7 describes the conditions under which 100% enumeration may be preferable to
sampling.
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Figure 1.5. Example of a drawing that can be used to explain an
inventory plot

3. The next step is to explain that the plots will be set up end to end along inventory lines,
and that the lines will be placed an equal distance apart, as described in Example 1.9,
below.

Example 1.9. Ways to show the pattern of inventory lines in the
forest area

The facilitators can use a map to show the pattern of inventory lines in the
forest (see Figure 1.6). Another possibility is to overlay a transparent piece
of plastic, on which the pattern of inventory lines has been drawn, on the
map that was used as an example of inventory results.
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Figure 1.6. Example of the distribution of inventory lines
throughout an inventory area.

4. The final step is to show how the inventory information is used to calculate the density
and quantity of forest resources in a given area (see Example 1.10).

Example 1.10. An example of how forest resource density and
quantity are estimated

The facilitators can use a very simple example to explain how the calculations
are made:

An inventory team established 200 plots (each 0.05 of a hectare in size),
together they added up to an area the size of 10 hectares. They counted
the durian trees in all of these plots, which when added together totalled
60 trees. ‘If there are 60 durian trees in 10 hectares, how many trees, on
average, will there be in 1 hectare?” The answer is an average of 6 trees per
hectare (60 trees / 10 hectares = 6 trees/hectare).

This answer is the density of this resource, which the facilitator can point
out in a density table like the one shown in Figure 1.3a.

The facilitators can also explain that the second column in the quantity
table shown in Figure 1.3 represents the size of each inventory area in
hectares. This value is multiplied by the density of the resource for each
area in order to obtain the estimate of quantity for each area. Thus ‘if there
are 6 durian trees on average in one hectare, and if a specific forest is 1000
hectares in size, how many durian trees are there in the forest area?” The
answer is 6 000 trees (6 trees per hectare x 1000 hectares = 6000 trees).

This answer is the quantity of the resource, which the facilitators can point
out in a quantity table like the one shown in Figure 1.3b.
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1.3.2.  Ask the villagers to decide whether they want an inventory

A participatory inventory is supposed to be done by and for the benefit of the villagers. Thus it is
essential that the people who initiate the inventory ask the whole village whether they feel they
need an inventory and would like to take part in it. The villagers should have as much time as they
want to ask questions and make comments before making a final decision.

Some questions the facilitators could pose that will focus the discussion include:
*  What problems or concerns could the villagers solve with the use of an inventory?
* Are there other better ways to solve these problems?
*  What are the possible risks of doing an inventory?

* Is the potential benefit of the inventory worth the risks of the inventory?

Where to next

Now that the villagers have decided that they want to conduct a participatory inventory, they will
need to determine the purpose of their inventory. This consists of defining why they want to
conduct an inventory, what type of results will be produced by the inventory, for whom the inven-
tory results are intended and to what uses the results will be put. This very important step is
described in the next chapter.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
2.1. Prepare a general village meeting to determine the inventory purpose, and
2.2. Facilitate the general village meeting.

Skills/information required

The skills or background information that you will require include:
* Appendix A. Planning and facilitating village meetings,
* Appendix B. Gathering information about the village, and
* Appendix E. Information and analyses needed for some inventory purposes.

Materials required

* Large sized paper, broad nib marker pens, drawing pins, lighting, food and drinks.

Introduction

After the villagers have decided that they want a participatory inventory, their next decision is to
define the inventory’s purpose. Defining the inventory purpose clarifies the following:

* The reason why the inventory is being conducted,

* What type of results will be produced by the inventory,
* For whom these results are intended, and

* The uses to which these results will be put.

Determining the purpose is an important step because it provides the foundation upon which all
subsequent inventory plans will be based. The facilitator should ensure that this step is conducted
in as participatory a manner as possible in order that all share a unified vision from the outset of
the inventory. This chapter describes how to prepare and facilitate village meetings to determine
the inventory purpose.
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2.1. Prepare a general village meeting to determine the
inventory purpose

To prepare the general village meeting, you should:

* Make sure you are aware of the villagers’ major concerns regarding the village’s forest and
forest resources. You can do this is by using the Participatory Rural Appraisal (PRA) methods
described in Appendix B. You should also think about whether and how an inventory
could be used to address these concerns or issues.

* Plan the general structure of the meeting.! Suggestions for meeting structure are provided
below.

* Prepare visual displays in advance, such as:

a) A general list of inventory uses, like the one shown in Box 1.1. These uses should be
general rather than specific to the village situation, as it is important that the facilitator
does not influence the villagers too highly in their choice of purpose. For example,
one use in the list might be ‘to plan a sustainable level of harvesting for certain forest
resources’; there is no need to list specific resources.

b) A blank template of the statement of inventory purpose, like that in Box 2.1.

2.2, Facilitate a general village meeting to determine the
inventory purpose

This section describes one possible meeting structure for determining the inventory purpose.?

2.2.1. Introduction

The facilitator(s) should introduce the meeting by:
* Defining what is an inventory purpose (for ideas, see the introduction to this chapter),

* Explaining why it is important that the community agrees upon the purpose (for ideas, see
the introduction to this chapter), and

* Describing how the meeting will be run in order to determine the purpose.

2.2.2. Describe the outputs and uses of an inventory

Sometimes the villagers may not be aware of all the potential outputs or uses of an inventory. You
may want to explain the following points to them to increase their understanding.

Outputs:

* Remind the villagers that the results of participatory inventory are explained in outputs
such as maps, table and reports. Use examples to explain what maps and tables are, if you
wish.

1 Appendix A bhas information on how to plan a general village meeting.

2 Appendix A contains general information on how to facilitate a general village meeting.
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Uses:

* Explain to the villagers that inventory maps and tables are used to communicate information
about forest resources. Inventory maps explain about location of resources, and inventory
tables explain about quantities of resources.

* Display a list of possible uses for information obtained from inventories® (see examples in
Box 1.1). Remind the villagers that there may be other uses than the ones on the list.

2.2.3. Discuss the villagers’ issues and concerns and how an inventory
could address them

The villagers may or may not be clear about the purpose that they want for their particular inven-
tory. You may want to use the techniques described below to stimulate discussion:

* Guide the villagers through a discussion of the major issues or concerns in the village to
do with forest and forest resources. Ask them to think about present as well as possible
future issues. People may be reluctant to discuss sensitive issues openly, especially in
front of an outsider. You must make sure they are clear about why they are discussing
these issues, which is in order to stimulate thought about how an inventory could be used
to resolve them. Draw up a list of these issues or concerns, and if necessary, reduce it to
the most important ones.*

* Ask the villagers to discuss how an inventory might help to resolve some of these major
issues or concerns. This should result in a list of possible inventory uses.

2.2.4. Determine the purpose

One way for the villagers to determine the inventory purpose is to write a statement of inventory
purpose, as shown in Box 2.1. You should explain to the villagers that they do not need to have
too narrow or rigid a definition of purpose. For example, they may identify multiple uses for the
inventory rather than just one. They may also find that their purpose evolves as the inventory
progresses.

Your role as facilitator is to ask them for suggestions for each space in the statement, and try to
ensure that everyone agrees with the final result.’ It is important to try to achieve consensus
amongst all villagers on the definition of the purpose. If desired, this statement may be signed by
village leaders as proof of their support for the inventory and included in the final report.

> Appendix E describes some of the information and analyses needed for each use.
i Appendix B provides advice on how to reduce a list using scoring and ranking.

> Appendix A describes how to facilitate consensus decision making.



Chapter 2 Determine the Inventory Purpose

Box 2.1. Statement of inventory purpose
* We..... (who? usually the name of the village is written here)
* want to produce ..... (what outputs: maps? tables? reports?)

* containing information on ..... (think about the kind of information
these outputs will display)

* to be shownto ..... (think about to whom this information is intended)
* for the following use(s) ..... (list the uses to which the information can
be put)

* because..... (list concerns which may be solved by using the outputs of
the inventory).

An example of a statement of purpose is shown in Figure 2.1.
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Figure 2.1. An example of one village’s statement of inventory
purpose.
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Where to next

A clear sense of the purpose is very important as it provides a basis for the planning of specific
inventory objectives. These objectives include the forest resources to be included in the inven-
tory, the information desired about the forest resources, the area to be included in the inventory,
the subdivisions of the inventory area, the information desired about the inventory area, the cost
desired, and the precision desired. The next chapter discusses how to determine the inventory
objectives.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
3.1. Prepare for small group meetings to discuss the inventory objectives,
3.2. Facilitate the small group meetings,
3.3. Prepare for a general village meeting to decide upon the inventory objectives, and
3.4. Facilitate the general village meeting.

Skills/information required

The skills or background information that you will require include:
* Appendix A. Planning and facilitating village meetings,
* Appendix B. Gathering information about the village,
* Appendix C. Making a sketch map,
* Appendix D. Balancing cost and precision,
* Appendix E. Further information and analyses needed for some inventory purposes.
* Appendix L. Planning, conducting and analysing regeneration studies, and
* Appendix M. Planning, conducting and analysing productivity studies,

Materials required

* Large sized paper, broad nib marker pens, drawing pins, lighting, food and drinks.

Introduction

The inventory purpose provides the foundation, and the inventory objectives provide the framework,
upon which the inventory plans are based. The decisions that the villagers have made about the
inventory purpose will guide them in making decisions about inventory objectives. These objectives
include:

* Objective 1. The forest resources to be included in the inventory,
* Objective 2. The information desired about the forest resources,
* Objective 3. The area to be included in the inventory,

* Objective 4. The subdivisions of the inventory area,

* Objective 5. The information desired about the inventory area,

* Objective 6. The desired cost limits, and

* Obijective 7. The desired precision.

This chapter describes how to prepare and facilitate small group meetings. The aim of these
meetings is to provide everyone in the village with a means for greater involvement in discussing
the inventory objectives. All villagers, grouped by gender, age, ethnic background or social
status, should be invited to participate in these meetings because each group has a unique
perspective on the forest. This chapter also describes how to prepare and facilitate a final general
village meeting for making final decisions on the inventory objectives.
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3.1. Prepare for the small group meetings to discuss the
inventory objectives

To prepare for the small group meetings to discuss the inventory objectives,' you should:

* Make sure you are familiar with some background information about the villagers and
their interaction with the forest. One way to do this is by using Participatory Rural Appraisal
(PRA) techniques.?

* Think about whether the villagers will need to conduct more than one inventory in order
to fulfill their inventory purpose. Box 3.1 describes some of the situations under which
more than one inventory may be required. If the answer is not apparent to you from the
available information, hold the small group meetings to determine the objectives, then
reassess the situation.

* Plan the general structure of the meeting. Suggestions for structure are provided below.
* Prepare visual displays in advance, such as:

a) A completed statement of the inventory purpose (The villagers should have determined
the inventory purpose already in Chapter 2), and

b) A map of the village area. This should be used to discuss and record suggestions for
Objectives 3 and 4 (the boundaries of the inventory area and its subdivisions). If avail-
able, and if the villagers are comfortable with using it, then a scale map should be
used. Otherwise you, together with some villagers, will need to prepare a sketch map.?
Villagers may find scale maps more difficult to understand than sketch maps.

Remember that with all visual displays and maps, one copy will be needed for each separate small
group meeting, and one more for the final village meeting.

U Appendix A discusses what small group meetings are and bow to plan them.
2 Appendix B describes bow to gather information about a village.

3 Appendix C describes bow to make a sketch map.
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Box 3.1. How to determine whether the villagers need to conduct
more than one inventory

In some situations, the villagers may need to conduct more than one inven-
tory in order to fulfill their inventory purpose. More than one inventory is
required whenever:

1. Different levels of precision are required for different estimates of re-
source density and quantity. Different levels of precision may be desired
if there are forest areas or forest resources that differ in importance to
the villagers or if the inventory has more than one use planned for it,
any of which require a higher precision than the others. The way to
increase precision is by placing more plots in a given area.

2. 100% enumeration is preferable to sampling in some parts of the forest
area. In this case the 100% enumeration is done in a seperate inventory
from the sampling inventory. The conditions under which 100% enu-
meration is recommended over sampling are described further in
Chapter 7.

Example 3.1 illustrates some conditions under which more than one inven-
tory is necessary. If the villagers decide they need more than one inventory,
they must then define the purpose and specific objectives of each inventory.
They will need to think carefully, when determining the cost limit objectives,
how best to allocate their cost limits between the different inventories so as
to achieve acceptable levels of precision for each of the inventories that
involve sampling (for 100% enumeration the cost limit is fixed, and deter-
mined by the size of the inventory area, as described in Chapter 7). The
villagers should allocate their cost limits using the procedure described in
Appendix D as a guide.

Example 3.1. Determining whether more than one inventory is required

In Pohon Besar Village, the villagers decided to enumerate both the impor-
tant timber and non-timber forest products in their secondary (logged-over)
forest area, some of which had been burnt in a fire. The uses for this inven-
tory were to:

A. Make plans to harvest the timber in the burnt forest area before the
wood became rotten, and

B. Show outsiders the value of the unburnt secondary forest area to the
village.

Inventory use A required a higher precision than inventory use B. This is
because the local government required a 100% enumeration of all timber
trees before they would give permission to the villagers to harvest the timber.
Thus the villagers realised they would need to do two separate inventories:

* One inventory would be conducted in the burnt forest area, would be
of timber species only and would be done by 100% enumeration.

* The second inventory would be conducted in the unburnt forest area,
would enumerate both timber and non-timber forest products, and
would be done by sampling so as to achieve a precision (sampling error
%) of approximately 30%.
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3.2 Facilitate the small group meetings to discuss the
inventory objectives

Each of the small groups should be involved in discussing all of the inventory objectives. How-
ever, you must use your discretion in deciding whether all groups should discuss all objectives in
the same amount of detail. For example, groups who know little about the forest may have less to
say about where the inventory area should be (Objective 2), or groups which are not usually
involved in planning village activities (i.e. the women, the youths) may find it difficult to discuss
the desired cost limits for the inventory (Objective 6).

If the discussion of a specific objective is not very productive in the small group you are facilitating,
you should defer it to the general village meeting where the final decisions will be made, or the
subsequent planning sessions of the inventory team. On the other hand, some small groups may
be too productive, and discuss some objectives in excessive detail. Again, you may need to move
the group on to the next objective, and defer any decisions about these details to a later time.

The remainder of this section describes a possible meeting structure for discussing the inventory
objectives.

3.2.1. Introduction

The facilitator(s) should give a brief introduction to the meeting by:
* Putting up the villagers’ statement of inventory purpose and reminding everybody that
they should choose the inventory objectives with this purpose in mind,
* Explaining what the inventory objectives are,
* Explaining why it is important that everyone is involved in determining the objectives, and
* Describing how the meeting will be run in order to come up with suggestions for objectives.

3.2.2. Discuss the objectives

After the introduction, you should guide the community through a discussion of each of the seven
objectives outlined below.

Objective 1. The forest resources to be included in the inventory

The first objective is to determine which forest resources the group would like to include in the
inventory.

The villagers may or may not find it an easy process to select the forest resources to be included in
the inventory. Much will depend upon the inventory purpose:

* The villagers may have defined an inventory purpose in which they are quite specific about
the forest resources that are to be enumerated in the inventory (e.g. the purpose may be
‘to plan a sustainable harvesting level for three commercial species of rattan’). In this case,
determining which forest resources should be in the inventory should be relatively easy.

* The villagers may have defined an inventory purpose in which they have decided to enumer-
ate ‘important forest resources’ (e.g. the purpose may be ‘to show location and quantities
of forest resources most important to the village in order to negotiate community forest
boundaries’). In this case, you will need to guide the group through a discussion of what
their most important forest resources are. One way of doing this is described in Box 3.2.

1 Appendix A discusses how to facilitate village meetings
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Box 3.2. How to determine the villagers’ most important forest
resources

Ask the small group to give you suggestions for a list of the forest resources
most important to the village. It is best to have an open discussion initially.
However, eventually you may want to stimulate people’s memories by ask-
ing them to think about the resources in terms of the types of products
which come from them. Some types of products include construction mate-
rials, weaving materials (e.g. for mats or baskets), medicines, dyes, glues,
food, herbs, spices, wrapping materials, resins, fruit and nuts. Mentioning
these types of products too early in the discussion might stop people from
thinking independently of all possible resources, restricting themselves to
the products you have mentioned.

This list of important resources can become very long. It may be necessary
to reduce it to a final shortlist of the resources that will be assessed in the
inventory.’ It is recommended that no more than fifteen resources be in-
cluded in an inventory, as more than fifteen become difficult to enumerate
in the field. However, if more than fifteen species are considered absolutely
necessary for the purpose of the inventory, the number can be higher.

During the discussion of this objective, you should try to ensure that the villagers reduce each of
the forest resources that they name to the species or even the variety (sub-species) level. For
example, if villagers say ‘rattans’ you should ask them which species of rattans they are referring
to. There are a number of reasons why it is important to reduce the resource to the most specific
level possible:

* Resource management must be planned at the species level,
* The economic value of the resource usually varies with the species or variety, and

* This gives the villagers the greatest flexibility, as information can be combined after an
inventory has been completed, but it cannot be separated at a later date.

When the group has finished discussing the forest resources to be included in the inventory, write
their suggestions on a large piece of paper pinned up in front of the group.

Objective 2. The information desired about the forest resources

The second obijective is to determine what information should be gathered about each of the
forest resources that have been chosen for the inventory.

The information that the villagers will need to obtain about a particular resource depends upon
the purpose of the inventory. The group should think carefully about the information that they
require for their particular situation, as information needs vary with the circumstances of each
inventory. Appendix E describes the resource information needed for a number of inventory
purposes. You should look up the appropriate inventory purpose in the appendix and see what
information is recommended for that purpose. You can then explain these recommendations to
the small group.

If the villagers have chosen a purpose for their inventory that differs from those listed in the
appendix, they will have to think for themselves about what information will be useful for their
purpose, using the appendix as a guide.

> Appendix B describes scoring and ranking tools that can assist villagers to reduce a long list
to those that are most important.
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As shown in Appendix E, the information that is needed about a resource can be divided into the
following categories:

* Information that can be obtained from the inventory,

* Information that can be obtained from further studies described in this manual, such as
productivity studies or regeneration studies, and

* Information that can be obtained from outside sources or further studies not described in
this manual.

Each category is described in more detail below.

Information that can be obtained from the inventory
The villagers will need to decide:

* The type of information. What type of information they want to collect about the plants of
the resource species (e.g. their diameter at breast height (dbh), their health, etc.), and

* The range. Whether they want to include all of the plants of the resource species in the
inventory, or only a limited range of the plants (e.g. count all plants or only the living trees
with a dbh greater than 20 cm).

Both are described in more detail below.

The type of information that is useful to record will vary with the inventory purpose. For exam-
ple, the villagers may want to collect:

* No additional information.

* Information relevant to a plant’s productivity. This will be important if the villagers will be
conducting a productivity study.

The range of plants to include in the inventory will also vary with inventory purpose. For example,
the villagers may decide that the range will be:

e  Unlimited.

* Limited to productive plants only. This is usual if the villagers are wanting to conduct a
productivity study.

* Limited to plants of sizes that are efficient to measure. Any benefit from the extra information
obtained by including the younger or smaller plants in the inventory will have to be weighed
against the extra cost incurred by having to count them. The younger smaller classes incur
more cost because:

a) They usually occur in much higher densities than the older, larger plants; costing the
inventory work teams much more time in counting them, and

b) It is often difficult to determine what species they are.

For the purpose of planning a sustainable level of harvesting, it is important to study these
younger, smaller plants. However, this is better done in a separate regeneration study.

The specific type of information required about a plant or the specific range of plants to include
in an inventory will vary with resource as well as purpose. For example, a durian tree’s size may
be measured by its diameter at breast height but a medicinal plant’s size may be measured by
height. Discussing information needs resource by resource will take time. It may be important
for the small groups to discuss the information needs for each resource. Or it may be better to try
to keep the discussion in the small group meetings short and general, and defer discussion of
these resource-specific details to the planning meetings of the inventory team.®

¢ Chapter 8 discusses bow the inventory team should plan the measurement of plants.
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Information that can be obtained from further studies described in this manual

For some inventory purposes, the only information that is desired about a particular resource
species is information about the plants themselves. For other purposes, information is also de-
sired about the products (such as fruit, resin, timber or leaves) which are produced by these
plants. This information is usually gathered after the inventory is finished, in a separate activity
called a productivity study.” Information from such a study can be used to estimate the amount of
forest products produced in an average year in a given area.

For some inventory purposes, a regeneration study of the youngest age classes is needed as well,
and the regeneration study should be repeated every one to five years.® Information from the
regeneration studies can be used to determine whether a resource population is increasing, de-
creasing or stable.

Information that can be obtained from outside sources or further studies not described
in this manual

For some of the inventory purposes described in Box 1.1 of Chapter 1, some of the required
information does not come from an inventory, or from other studies described in this manual.
For example, an inventory does not provide information on market prices for a forest product, or
how much of the forest product is used by a village in an average year. Describing how to acquire
this information is beyond the scope of this manual.

After discussion of this objective, write the information that is wanted for each forest resource on
a large piece of paper.

Objective 3. The area to be included in the inventory
The third objective is to determine the area of forest that will be covered by the inventory.

Determining this objective will once again depend upon the purpose. For some inventory pur-
poses (e.g. for negotiating tenure or access to a forest) the villagers may want to include the entire
area of forest that is important to them. For other purposes (e.g. for predicting the impact of a
development project), the villagers may only want to include part of the area.

The boundary to use for the inventory area may or may not be obvious to the villagers. For
example:

* There may be a well defined area which is specifically designated for the villagers’ use,
either by traditional or governmental law. In this case, the villagers may automatically
make this area the inventory area.

* There may be different areas of forest which are used by different groups of villagers in
different ways, but which are not designated for the villagers’ use by any traditional or
governmental law. In the latter case each of the small groups may need to discuss what
forest areas around the village they use and therefore wish to include in the inventory. It
will help the discussion to ask people in each of the small groups to draw on a map the
places where they tend to gather the resources that they have chosen for the inventory.

At the end of this discussion, you should ask the villagers to draw the boundary of the inventory
area on whatever sketch or scale map has been prepared for the meeting.

7 Appendix E describes bow to plan, conduct and analyse a productivity study.

8 Appendix L describes how to plan, conduct and analyse regeneration studies.
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Some areas may need to be excluded from the inventory area. These may be:

* Areas which are not forest. The small groups may need to define ‘forest’. For example,
should solitary trees in cleared fields be considered a type of forest or not?

* Areas of forest which the villagers do not wish to include. There may be areas of forest
that the small groups will not want to include because they are:

* Inaccessible (e.g. an area of extremely steep terrain),

* A forest type which the villagers are not interested in for the purpose of the inventory
(e.g. early succession rice fields, peat swamp forest), or

* Under a system of tenure or use which makes them not relevant for the purpose of the
inventory (e.g. forest owned by other villages not participating in the inventory, sacred
groves, etc.).

You should ask the small group to indicate, on their map of the inventory area, the areas which
are not forest or which they do not wish to include. If the villagers do not know the exact location
of the boundaries, ask them to draw their approximate location. Information collected while
doing the mapping or inventory work can be used to improve the accuracy of the map.

Keep in mind that the inventory area may range from being one continuous forest with ‘islands’ of
cleared areas, to ‘islands’ of forest within one large cleared area.

Objective 4. The subdivisions of the inventory area
The fourth objective is for the villagers to determine the subdivisions of the inventory area.

The choice of whether and how to subdivide the inventory area will depend upon the inventory
purpose.” There are two ways in which the forest can be subdivided, by area and by type, as
discussed below.

Subdivision by area

One way to subdivide an area is into any smaller, geographically distinct areas for which you want
to obtain separate estimates of resource density and quantity. Subdivision by area is recommended
if the purpose is:

* Purpose 1. To negotiate for tenure or access to a forest by demonstrating which areas are
most useful to the village. The villagers will want to subdivide by area in order to obtain
separate estimates of resource density or quantity for each area.

Some ways in which villagers can subdivide by area are by:
* Watershed (see Figure 3.1a),

* Block, if the area has roads or survey lines cut in some sort of grid pattern (see Figure

3.1b),
* A specified distance to either side of a road or a river (see Figure 3.1c), and

* Separate islands of forest in the village area.

® Box 1.1 in Chapter 1 lists some possible inventory purposes.
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Figure 3.1. Inventory areas subdivided by area, including by:
a) watershed, b) block, c) areas encompassed by a
specified distance from a river, and d) separate islands
of forest.

Subdivision by forest type

Dividing the forest into distinct forest types is recommended for some inventory purposes,
such as:

* Purposes 2, 3 (optional), 4 (optional), 5, 7 and 8. All purposes for which a productivity
study is necessary. Subdivision by all distinct forest types should improve the accuracy of
any estimates of product quantity, as forest type often has an influence on the productivity
of plants.

* Purpose 3. Assessing the impact of a development activity. Subdivision in this case should
be into forest affected and unaffected by the development activity.

* Purpose 4. Planning the location of forest management zones. The villagers may wish to
make distinct management zones of certain forest types. They will need to decide what
criteria they want to use for planning zonation. For example, they may decide to zone
areas according to their potential for resource productivity, or their sensitivity to disturbance.
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If subdivision by forest type is required, the small group should discuss what kind of forests there
are within the inventory area. There are many ways in which forests may be divided into types.
These include types of:

* Human management (e.g. agroforests, primary forests, secondary forests affected by or at
different stages of recovery from swidden agriculture or logging (either by villagers or
industries)), and

* Topography, soil type or vegetation (e.g. montane forest, peat swamp forest, lowland
dipterocarp forest).

An example is provided in Figure 3.2.

These forest types must have distinct boundaries in order that subdivision of the area is clear.
This may not be possible in some situations. For example, in very old abandoned fruit tree
gardens, the fruit trees may have dispersed and spread far into the forest surrounding the original
area, making the location of the boundary difficult to determine.

After deciding whether and how they want to subdivide the inventory area, the villagers should
draw the boundaries of the forest areas or types (if any) on the sketch or scale map which you
have prepared for the meeting. If the villagers do not know the exact location of the boundaries,
ask them to draw their approximate location. Information collected while doing the inventory
work can be used to improve the accuracy of the map. You may want to list the subdivisions on a
large sheet of paper.
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SECONDARY FoREST
Primonty FoREST

Figure 3.2. An inventory area subdivided by forest type, including
primary, secondary and rubber forests.
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Objective 5. The information desired about the inventory area

The fifth objective is to determine what environmental information is wanted about the inventory
area.

The inventory work teams gather environmental information while they are doing the inventory
work. Thus it is usually recorded for each inventory plot, as is the resource information.

The environmental information needed depends upon the inventory purpose, and whether or
not the purpose requires the inventory area to be subdivided:

* Ifthe purpose requires subdivision by area, the villagers should think about what subdivision
boundaries (such as rivers, ridges, and roads) to look for and record.

* If the purpose requires subdivision by forest type, the villagers should think about what
information (such as slope, soil colour, a dominant plant species, canopy height) might
act as an indicator of these forest types. However, the villagers may not want to record
environmental indicators of forest type, preferring instead to directly name and record the
forest type each plot is in.

If the villagers would like a map to be one of the products of the inventory work, they may want to
think about what additional information they might desire for this map. For example, they may
wish a note to be made of the location of rivers, ridges or roads that are not necessarily boundaries
of the inventory area or its subdivisions. Or, they may wish to note the location of other impor-
tant features (e.g. abandoned villages, graveyards or animal salt licks).

It is not necessary for the villagers to discuss the environmental information that they need in
great detail. The inventory team will be able to discuss the finer details of what information is
needed and how they want to measure it later in their inventory planning sessions.'®

You should conclude the discussion of this objective by writing a list of the environmental in-
formation that is desired for the inventory area on a large piece of paper.

Objective 6. The cost limit desired
The sixth objective is to set the limits of cost.

Cost may be evaluated in terms of time, labour, money, inventory equipment, or supplies required
to conduct the inventory work. In some cases, the village may be paying all of the inventory costs.
In other cases, some of the costs of the inventory (e.g. money and inventory equipment) may be
funded by outsiders, but the village may contribute the remainder (e.g. time, labour and supplies).

As villagers are usually working with limited resources, it is important that they think about what
they can afford to give to the inventory, and plan the inventory accordingly. To get some idea of
costs, they villagers should ask themselves:

* How many people from the village can take part in the inventory? The best way to think of
labour is in terms of how many inventory work teams of six people can be in the field at
one time. The villagers should remember that if the teams are camping, an additional one
or two people must stay in camp to look after the camp and cook.

*  For how many days can these inventory work teams work in the forest?

* Will other resources, such as money, inventory equipment or fieldwork supplies,'! limit
the number of inventory work teams or days that are possible? For example, if only two
compasses can be obtained, this will limit the village to two inventory work teams because
each team must have a compass.

10 Chapter 8 discusses ways of measuring information about the environment.

1 Chapter 5 describes the equipment needed for work in the forest.
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The group should then set the desired cost limit for the inventory. The cost should be written in
terms of teams and days. For example, one village might decide that they can put together two
teams which can do the actual inventory work for no more than 20 days.

Following this discussion, you should write the desired cost on a large piece of paper.

Objective 7. The precision desired
The seventh objective is to determine the desired precision.

As explained in the introduction, the precision of an estimate of resource quantity is a measure of
the level of confidence that one has in the estimate (see Box 3.3 for a more mathematical explana-
tion). The precision of an estimate improves with the number of plots established in the inven-
tory area. Itis usually possible to obtain the precision you want in an inventory, as long as you can
afford to establish the number of plots required for that precision. However, there is usually a
limit to the cost that can be spent on the inventory, especially in a village-based inventory where
resources are often scarce. Thus the cost provides a limit to the number of plots and hence the
level of precision that can be achieved. Later in this chapter you will be advised to consult Appern-
dix D to determine whether the desired precision is possible for the desired cost limits.

Box 3.3. An explanation of precision for those familiar with
statistics

The precision of an estimate can be expressed in several ways:

* One is by the confidence range. For example, an estimate of 10 durian
trees per hectare has a confidence range (at 90% probability) of plus or
minus (%) 3 trees per hectare. This implies that in 90 cases out of 100
the true value is probably within the confidence limits that have been
set around the estimate (i.e. 90 times out of 100 the true value is likely
to be between 7 to 13 trees per hectare (10—-3 = 7,10 = 3 = 13)). Thus,
an estimate of 10 = 3 trees per hectare (at 90% probability) is more
precise than an estimate of 10 * 6 trees per hectare (at 90% probability).

* Another is by the sampling error, which is the confidence range expressed
as a percentage of the estimate. Using the above example, the estimate
of 10 durian trees per hectare with a confidence range of *+ 3 trees per
hectare (at 90% probability) has a sampling error of 30% (at 90%
probability) (divide 3 by 10 and multiply by 100).

The sampling error is a useful expression of the precision as it allows the
comparison of different estimates, even estimates using different units,
whereas the confidence range does not. For example, an estimate of 10 =
1 trees per hectare may superficially appear to be more precise than an
estimate of 1000 = 100 trees because one has a confidence range of *1
and the other a confidence range of =100. However their sampling errors
are both 10% which means the estimates are equally precise.

As illustrated above, you must always state the probability level of the
precision, no matter what way you have chosen to express the precision. It
is standard to use a probability level of 0.1 (90%), although 0.05 (95%) is
also popular. Appendix J describes the probability level in more detail.
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Nonetheless, the village may want to try to achieve a certain precision in order that they, and any
outsiders receiving their inventory results, have confidence in their estimates. The precision that
is desired will depend upon the inventory purpose. The precision (expressed as the sampling
error) of the estimates of all but the most rare resources should be:

*  15-25% (at 90% probability) if you want a reasonably reliable estimate of resource quantity
(e.g. for Purposes 2, 3, 4, 5, 7 and 8 in Box 1.1 of Chapter 1), and

* 25-35% (at 90% probability) if you are comparing relative resource quantities between
areas (e.g. for Purposes 1 and 6 in Box 1.1 of Chapter 1).

There may be cases when the precision must be even higher."?

Following discussion of this objective with the villagers, you should write the desired precision
on a large sheet of paper.

3.2.3. Selection of small group representative

A final activity of each small group meeting will be to select someone from each of the small
groups to present the group’s suggestions at the community meeting.

3.3. Prepare for a general village meeting to decide upon the
inventory objectives

To prepare for the general village meeting you should:*

* Reassess whether the villagers will need to conduct more than one inventory, using Box
3.1 as a guide.

* Meet with the representatives of the small groups in order to discuss plans for their pres-
entations to this village meeting. You should plan who will talk and in what order, and
what will be talked about. Some representatives will be confident and fully prepared to
speak at the community meeting. Others (for example, the women or youths’ representa-
tives) may need a bit of briefing in advance if they are unused to public speaking. Visual
displays of the suggestions made by the small groups should already have been prepared
during the small group meetings. If not, they should be prepared by the representatives
during this meeting.

* Prepare your own visual displays to help with the decision making, such as:

* For Objective 1: If the number of forest resources chosen by the small groups need to
be reduced to a shortlist of 15, prepare a master list of all the resources on the shortlists
of each of the small groups, with scores indicating how many of the small groups have
suggested each of the resources.

* For Objectives 2 to 5: Prepare displays of the points of agreement and disagreement
between the small groups.

* For Objectives 6 and 7: Calculate whether the limits set for cost and precision by
each of the small groups are or are not compatible with one another, using Appendix
D as a guide. If the cost and precision objectives are not compatible, you should prepare
a display explaining the options available to the villagers.

12 See Chapter 7 for a discussion of cases in which a precision (sampling error %) of 0% (from
a 100% enumeration) may be recommended.

3 Appendix A contains general information on how to plan a general village meeting.
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3.4. Facilitate a general village meeting

Small group meetings are designed to promote fairness in decision making by bringing out the
opinions of the less dominant groups within the village. There is a danger in this final general
village meeting that one group or even individual may dominate the discussion and the final
decision will tend to most represent their views. The facilitator can help to prevent this by giving
preference to the suggestions offered from the small groups over the suggestions offered by a few
individuals in the general village meeting.'

The remainder of this section provides a possible structure for a general village meeting to decide
upon the inventory objectives.

3.4.1. Introduction

You should introduce this meeting by:

* Putting up the villagers’ statement of inventory purpose and reminding everybody that
they should choose the inventory objectives with this purpose in mind,

* Explaining the purpose of the meeting, which is to reach an agreement on the objectives
of the inventory, and

* Describing how the meeting will be run in order to decide upon the objectives.

3.4.2. Presentations by the small group representatives

Each small group representative should explain the suggestions from each of the small group
meetings.

3.4.3. Deciding upon the objectives

Below are some suggestions on how to facilitate decision making on some of the specific inven-
tory objectives:
For Objective 1: If reducing a list of forest resources to a shortlist of 15, try to give
preference to those resources that have been chosen by more than one small group.
For Objectives 2 to 5: Highlight the similarities and differences between the different
suggestions, so that you can set the similarities aside and guide the discussion to a mutually
acceptable resolution of the differences.

For Objectives 6 and 7: Explain whether the cost and precision objectives are compatible
and if not, what the options are for balancing them.

Where to next

Once the villagers have determined the inventory purpose and objectives, their final decision is to
choose representatives from the village who will carry out all subsequent work on the inventory.
They will also determine the dates when the work will take place. These final decisions of the
villagers are described in the next chapter.

Y Appendix A gives advice on bow to facilitate decision making in community meetings.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
4.1. Ask the villagers to select representatives who will form the village’s inventory team, and
4.2. Ask the villagers to determine the dates when the inventory work will take place.

Skills/information required

The skills or background information that you will require can be found in:
* Appendix L. Planning, conducting and analysing regeneration studies.
* Appendix M. Planning, conducting and analysing productivity studies, and

Materials required

* None

Introduction

After the villagers decide whether they want an inventory, and if so, what its purpose and objec-
tives will be, they will need to determine who will carry out the inventory work and when this work
will be done. This chapter describes how to help the villagers to select people for the village’s
inventory team as well as establish a timetable for the work.
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4.1. Ask the villagers to select representatives who will form
the village’s inventory team

There are a number of ways in which you can ask the villagers to select the inventory team. You
can ask either just the village leaders or all the villagers to suggest who should be on the
inventory team. The general village meetings for determining the purpose and objectives
provide good opportunities for discussing this issue with the villagers. It is good if everybody
in the village approves of this list of names.

Some considerations that the villagers should keep in mind when choosing the inventory team
are:

* Do they want the inventory team to plan, conduct and analyse the inventory work or
should they conduct the inventory work only, with the planning and analysis open to
other members of the village, and

*  What the composition of the inventory team should be.

4.1.1. Do the villagers want the inventory team to plan, conduct and analyse
the inventory work?

The work that remains to be done includes planning the inventory in the village, conducting
the inventory work in the forest, and compiling, calculating and presenting the inventory re-
sults in the village. The villagers have the choice of asking the inventory team to do all of this
work. Alternatively the inventory team can to do the work in the forest, and members of the
inventory team, together with other members of the village, can do the planning and analysis
in the village.

4.1.2. The composition of the inventory team

The most successful inventory teams are those with representatives from all groups in the
village. These include people of a mixture of genders, ages, ethnic origin or social status.
Picking inventory teams to represent all groups within a village should help to maximise the
available knowledge and skills. For example:

* Gender. Men and women tend to have their own knowledge and skills related to their
specific tasks in the village. For example, in an inventory women may be better at identifying
and finding herbs used for cooking, whereas men may do better with the timber species
which they use for building houses and boats.

* Age. Older people tend to know more about the forest and its resources, whereas the
young often know more about mathematics and writing from school.

* Ethnic origin. Different ethnic groups often have different knowledge and skills to contrib-
ute to the inventory.

* Social status. If possible, both leaders and ordinary villagers should be members of the
inventory team. The village leaders are often called to explain the results of the inventory,
and should be involved in the entire process in order to understand it fully. However,
ordinary villagers often provide knowledge and skills that differ from those of the leaders.
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4.2. Ask the villagers to determine the dates when the
inventory work will take place

You should also ask the villagers to determine the best dates for doing the inventory work. The best
time of year for the inventory work in the forest may be when:

* The villagers are least busy with agricultural work or other activities, or
* Itis the flowering or fruiting season for the forest resources. This is because it is easier to
identify the resources accurately at this time.

You should also discuss good times for doing the productivity study or regeneration study, if either
are planned.!

Where to next

These decisions about who will be on the inventory team and when they will do their work are the
final decisions to be made by the village as a whole at the outset of the inventory. Now the inven-
tory team can be left to plan the inventory in accordance with the purpose and objectives deter-
mined by the village. The inventory team should begin planning the inventory by assembling the
equipment necessary for the inventory work. This process is described in the next chapter.

v Appendices L and M discuss the best times for conducting productivity or regeneration
studies.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
5.1. Assemble equipment that might be difficult to find in a village.

Skills/information required

The skills or background information that you will require include:

* An overview of the participatory inventory method, obtained by reading the introductions
to the chapters in this manual,

* Appendix H. Surveying techniques,

* Appendix K. Measuring plant size,

* Appendix N. Botanical specimen forms, and

* Appendix O. Compilation and calculation forms.

Materials required

See Box 5.1 for a list of equipment that will need to be assembled for a participatory inventory.

Introduction

After the villagers have made all the major decisions relating to the inventory, you and other
members of the inventory team are now able to begin to plan the inventory. One important
aspect of planning is to assemble the equipment that you will need in order to complete a partici-
patory inventory. This chapter assists you in assembling the equipment that is unavailable in the
village.
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Box 5.1.

Necessary equipment:

O
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Compasses

Nylon rope (0.5 cm diameter)
Metre tape (10-50 metres in length)
Ribbon (1.5 to 2.0 cm width)

Brightly coloured electrical (sticky) tape
(1.5 to 2.0 cm width)

Diameter tapes
Fine nib permanent ink pens
Pencils

Pencil sharpeners

Erasers

Squared exercise books (option 1)
Photocopies of data forms (option 2)
Clipboards (option 2)

Folders (option 2)

Lined notebooks

Ball point pens

Large sized (AO) paper

Broad nib marker pens of different colours
Drawing pins

Simple grid graph paper (0.5 cm x 0.5 cm)
photocopied onto transparent A4 sheets

Methylated spirits
Protractor (360 degree plastic)
Long ruler

Large sheet of transparent tracing paper
or radar image

Large sized sheet of graph paper

Wide sized sticky tape
Glue

Scissors

Correction fluid

Good quality, very fine nib,
permanent ink pens of different colours

Equipment that might be difficult to find in a village

Quantity:

1 compass per inventory work team
75 metres of rope per inventory work team
At least 1 tape

12.5 metres of ribbon per inventory work
team per work day, or 12.5 metres per 25
plots’

1 roll

2 tapes per inventory work team
At least 5 pens per inventory work team
At least 5 pencils per inventory work team

At least 2 sharpeners per inventory
work team

At least 2 erasers per inventory work team
Depends upon the number of plots*
Depends upon the number of plots’
1 clipboard per inventory work team

1 folder for each inventory work team,
4 additional folders

1 book for each inventory work team,
10 additional books

15 to 20 pens

At least 30 sheets
At least 16 pens
1 pack

At least 2 sheets

1 litre
At least 1 protractor
At least 1 ruler

Enough to trace a map, aerial photograph

Enough to make a map approximately
1 mx 1.5 min size

1-2 rolls
1 stick
1 pair

At least one bottle

1 set
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U Map rolls

U Photocopies of compilation form

U Photocopies of calculation forms

O Electronic calculator

Equipment for collecting botanical specimens:

U Photocopies of botanical collection forms

Labels

Rafia string
Newspaper
Cardboard

O o0Oood

O

Field press

O

Methylated spirit

U Strong plastic bags (1 m x 0.5 m)

1-2 rolls

Depends upon the number of forest
resources and plots?

Depends upon the number of forest
resources, smaller areas and/or forest
types, and the calculations desired?

At least 1 calculator
Quantity:

1 per sample or approximately 15 pages
of each type of form

5 per sample or approximately 100 labels
One roll of rafia string
5 per sample or approximately 100 pages

1 per sample or approximately
15 pieces of cardboard

1 or 2 field presses

0.5 litre per bulky sample collected
(i.e. Palms, bamboos)

1 bag per 2 bulky samples collected

(i.e. Palms, bamboos)

Optional equipment: Quantity:

U Clinometers 1 clinometer per inventory work team

U Geographic positioning system (GPS) 1 GPS is useful; 1 per inventory work team

is even better

U Computer 1 computer

5.1. Assemble equipment that might be difficult to find in a village

A checklist of the equipment that might be difficult to find in a village can be found in Box 5.1.
This list has been broken down into three categories:

* Equipment that is necessary for participatory inventory,
* Equipment that is necessary if you choose to collect botanical specimens, and
* Equipment that is useful for participatory inventory but optional due to high expense.

The remainder of this chapter explains what each item of equipment is used for. For some equip-
ment, this chapter also discusses what types are best and how to make your own if you cannot
afford or obtain it easily.

The quantity of each item required will depend upon the desired cost limits determined
by the villagers; see Chapter 3.

The quantity of compilation and calculation forms will depend upon the desired forest
resources, subdivisions of the inventory area, and cost limits; see Chapter 3.
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5.1.1. Necessary equipment

Compasses

Compasses are used by the inventory work teams to establish inventory lines of the desired
orientation.® They also may be used to make scale maps.

There are many different types of compass available. The most simple type of compass, consisting
of a needle rotating over a card and with only the main directions (i.e. north, south, east, west)
labelled, will not be accurate enough to use in either the inventory or mapping work.

At the very minimum, it is important to have a compass which:

* Has aneedle (a small thin strip of metal) that revolves smoothly within an oil-filled capsule,
which in turn is mounted on a base plate which can be rotated by the user,*

* Is clearly marked with numbers and ticks every 2 or 5 degrees, and
* Is strong and unlikely to break in the forest.

Compasses with sighting mirrors are more accurate and easier to use than other compasses, but
they are more expensive.

When buying a compass it is important to make sure that the compass has been designed for
tropical work. Compasses that are designed to be used in northern latitudes have needles that
are weighted. When these compasses are used close to the equator the needle tends to dip into
the card and stick instead of rotating freely. To check this, hold the compass in your hand parallel
to the ground and rotate it from left to right. If the needle moves smoothly then the compass is
fine. If the needle becomes stuck, or does not rotate smoothly, then the compass may not suitable
for use in the tropics.

Nylon rope

It is more efficient to measure distances in the forest with nylon rope than with a metre tape.
Nylon rope is more durable than a metre tape and is not as easily snagged on undergrowth.
Nylon rope is also cheaper and easier to buy than a metre tape.

The most suitable nylon rope is brightly coloured. Its diameter should be large enough to be
durable and resistant to stretching but at the same time not too heavy to carry (approximately 0.5
cm diameter).

Each inventory work team will need to measure and mark the following lengths of nylon rope:
one 50 metre rope, one 10 metre rope and two 5 metre ropes. To measure and mark a nylon rope
you will need:

* Approximately 75 metres of nylon rope,

* A metre tape, and

* Brightly coloured electrical (sticky) tape (optional).
The first step in marking each rope is to measure the appropriate length of rope using the metre
tape and mark the beginning and end points of this length with a piece of brightly coloured sticky

tape or a knot. There should be a small amount of rope (at least 50 cm) extending beyond these
marked points at either end. If you cut the rope make sure to melt the ends so they do not fray.

3 Chapters 6 and 11 explain when to use a compass in participatory inventory.

* Appendix H explains more about what a compass is and how to use it.
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Metre tape

You will need at least one metre tape, of any size from 10 to 50 metres in order to measure nylon
rope lengths. However, you may need one metre tape per inventory work team if you are plan-
ning to use it to measure the lengths of plants (e.g. lengths of rattan or bamboo stems). If the
measurements do not need to be too accurate, you could mark out every 0.5 metres on the 5
metre nylon rope and use this to measure plants instead of a metre tape.

Ribbon

Brightly coloured and durable ribbon, flagging tape, strips of cloth or strips of plastic sheeting are
needed to mark plot marker sticks. Any strip of material is suitable as long as you are able to:

* Tie it around a marker stick or place it in a notch in the stick,
* Write the plot number on it with a permanent pen, and

* See it from a distance in the forest.

Brightly coloured electrician’s (sticky) tape

Brightly coloured electrician’s (sticky) tape is used to mark distances on the nylon rope and to
make the compass sighting stick or the height measuring pole used in the fieldwork more visible.
There may be other ways to mark the rope, stick or pole in a visible way, using knots for the rope
and brightly coloured paint, ribbon, strips of cloth, etc. for the sighting stick or height measuring
pole.

Diameter tapes

Diameter tapes are used to measure the diameter of trees.” A diameter tape is a special tape that
measures the diameter of a cylindrical object such as a tree by taking a measurement around the
circumference. As only professional foresters generally use diameter tapes, the tapes may be
difficult to buy, even in a large town. If diameter tapes cannot be bought it is also possible to
make them.

The equipment required to make a diameter tape includes:
¢ A ruler with millimetres marked on it,
* A dark coloured pen with permanent ink, and

* A piece of light coloured, wide (approximately 2 centimetres), 2 metres long cloth tape or
ribbon that is strong enough not to stretch.
Line up the tape or ribbon against the ruler. With the ink pen make a mark every 3.14 centimetres
on the tape or ribbon, and number these marks ‘0’, ‘1’ ‘2’ and so on. The distance marked with
a ‘1’ will represent 1 centimetre in diameter when the tape or ribbon is wrapped around the
circumference of a tree.

Fine nib permanent ink pens

These pens are used to write the plot number on the ribbon that is attached to the plot marker
stick. They are also used to calculate the size of an area on a map.®

> Appendix K explains how to use a diameter tape.

¢ Chapter 7 explains bow to calculate the size of an area on a map.
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Pencils, erasers, pencil sharpeners

Pencils are used to record information in the field, as unlike ink, pencil lead does not run when
the page is wet. Erasers and pencil sharpeners help to ensure that the data is recorded clearly.
Pencils, erasers and pencil sharpeners are also used in map making.

Squared exercise books

Squared exercise books are one option for recording information in the field.” These books have
a grid of squares marked on their pages instead of lines. They are usually available in any shop
that sells school supplies. It is good to get the most durable books available. Sometimes plastic
book covers can be bought to protect the cover.

Photocopied data form, clipboards, folders

Photocopied data forms are another option for recording information in the field. You may de-
cide to use the data form provided in this manual, or to design your own. Each inventory work
team will need a clipboard for writing on the data forms in the field, and a folder for storing the
blank data forms. A master folder will also be needed for the data forms that have been filled in.
Other folders may be useful for storing the botanical specimen forms, the compilation forms and
the calculation forms.

Lined notebook and ballpoint pens

Leaders of inventory work teams or people playing a major role in planning the inventory will
need lined notebooks and ballpoint pens. These are required for keeping daily records of the
inventory work in the forest, or for recording other useful information in the village or in the
forest.

Large sized (A0) paper, broad nib marker pens of different colours and drawing pins

The facilitators will need large sheets of paper, broad nib marker pens and drawing pins for
preparing displays of information or writing down suggestions in general village meetings. Large
sheets of paper and drawing pins are also needed for making sketch maps.?

Simple grid graph paper photocopied onto transparent sheets, methylated spirits

The inventory team will need to use simple grid graph paper, which has been photocopied onto
transparent sheets, for calculating the size of areas on the planning map.’ They will draw on these
sheets with fine nib permanent ink pens. Methylated spirits will be needed to erase the perma-
nent ink so that the sheets can be used again.

7 Chapter 9 explains bow to prepare and use data recording sheets.
8 Chapter 3 and Appendix C describe when and how to make a sketch map.

o Chapter 7 explains bow to calculate the size of an area on a map using transparent
squared paper.
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Protractor, ruler, tracing paper, graph paper, tape, glue, scissors, correction fluid
and set of coloured fine nib pens

This set of equipment is needed for making or improving maps.'® The protractor must be in the
same units as the compass (i.e. if the compass is in degrees the protractor must be in degrees, if
the compass is in grades the protractor must be in grades). The transparent tracing paper is only
necessary if the maps are to be copied by tracing rather than by photocopying them.

Map rolls

Map rolls are useful for carrying maps in the forest and for storing them safely in the village. A less
expensive substitute for map rolls are cardboard tubes that have been used to carry large sized
paper. Both of these are usually available in stationary and photocopy shops.

Compilation form, calculation forms and electronic calculator

Compilation and calculation forms will be used together with an electronic calculator for making
the final calculations of the inventory results.'" The forms, available in Appendix O, should be
photocopied as many times as necessary. An electronic calculator capable of simple arithmetic
(i-e. adding, dividing, subtracting and multiplying, squaring and finding the square root) is re-
quired to make the calculations.

5.1.2. Equipment for collecting botanical specimens

Botanical specimen forms, labels and rafia string

The botanical specimen forms, labels and rafia are needed for collecting botanical specimens in
the field."> The botanical specimen forms are available in Appendix N. The labels can be made by
cutting small rectangles of card (although thick paper will do) and piercing a hole through one
corner in order to pass the rafia string through.

Newspaper, cardboard and field press

The newspaper, cardboard and field press are for pressing the botanical specimens.'? The card-
board should be cut into rectangles that are slightly larger than the newspaper page folded in half.
A field press can be made from two rectangles of plywood which have been cut to approximately
the same size as the cardboard, and two strong pieces of string or straps. The cardboard and
newspaper are layered between these two outer boards, and the entire pile is tied together tightly
with the two pieces of string, rope or straps, as shown in Figure 5.1.

10 Chapter 6 describes bow to make a map and Chapter 16 describes bow to improve a map.
1 Chapter 17 describes how to compile data and make calculations.

12 Chapter 15 explains how to collect, press and preserve botanical specimens.
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Figure 5.1. A field press is comprised of: a) two plywood ends, b)
alternate layers of dry cardboard, and c) full pieces of
newspaper in which the botanical specimen is placed, and
d) straps which are used to tie these layers together tightly.
A field press can take up to seven or eight specimens.

Methylated spirits and plastic bags

The methylated spirits and plastic bags are for preserving the samples in alcohol. Methylated
spirits are commonly available as rubbing alcohol (spiéritus in Indonesian), which is commonly
sold in local shops for medicinal purposes. The plastic bags should be big enough (approxi-
mately 1 x 0.7 metres) that a thick bundle (the length and width of a newspaper page folded in
half) can be placed inside the bag and the open end taped shut. You should try to find the thickest
and most durable plastic available.

5.1.3. Optional equipment

Clinometers

Clinometers measure the angle of a slope. They are useful for mapping and for inventory work as
they ensure that the desired horizontal distance is measured accurately along a slope. They are
also useful for estimating the height of trees or other plants which are too tall to measure di-
rectly.”® Clinometers may or may not be available in a local large town. Local professional map-
ping experts or foresters should be able to advise you on the best way to order one. This manual
describes simpler alternatives for measuring horizontal distance or plant height that do not re-
quire the use of a clinometer.

Geographic positioning system

Geographical positioning systems, also known as GPS, are used to determine your position on
the globe. They can be accurate to 100 metres, although some are less accurate. They are very
useful in participatory inventory for map making. Inventory work teams can also use them to find
their way to the inventory lines in the forest. However, they are expensive and difficult to obtain;
for this reason this manual provides you with alternatives to using GPS.

15 Appendix H and Appendix K explain bow to use a clinometer.
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Computer

A computer stores inventory data and makes calculations of the final inventory results much more
efficiently than if the calculations are done by hand. A computer also makes it much easier to
write the final report. Thus computers are recommended if they are available. However, comput-
ers are expensive and you will need training to be able to use one, so this manual does not
assume that you have access to one.

Where to next

After assembling the equipment, you must prepare a planning map. This step is described in the
next chapter.
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Objectives

After reading this chapter, you will be able to complete the following tasks:

6.1. Decide whether you need to make a planning map, and if so, which option to use to
make it,

6.2. Option 1. Make a planning map by copying, modifying and building upon an existing
map, aerial photograph or radar image, or

6.3. Option 2. Make a planning map by ground surveying.

Skills/information required

The skills or information that you will require include:
* Appendix C. Making a sketch map,
* Appendix F. Five features of maps,
* Appendix G. Scale maps, aerial photographs and radar images, and
* Appendix H. Surveying techniques.

Materials required

For Option 1:

* If copying a scale map by photocopying: A scale map of the inventory area, pencils, a
pencil sharpener, an eraser, black pens, and correction fluid (Tippex).

* If copying a scale map, aerial photograph or radar image by tracing: A scale map(s),
aerial photograph(s) or radar image(s) of the inventory area, large sheets of tracing paper,
pencils, a pencil sharpener, an eraser, permanent ink pens, a ruler, and drawing pins or
tape.

For Option 2:

* A compass, a metre tape, brightly coloured electrical tape, GPS equipment (optional), a
clinometer (optional), a notebook, pencils, a pencil sharpener, an eraser, graph paper, a
ruler, and a protractor.

Introduction

At the time that you and the inventory team assemble equipment for the inventory, you will also
need to obtain or make a map of the inventory area. A map is essential for planning and conduct-
ing the inventory, and is also important for calculating the inventory results. This chapter helps
you to assess whether maps that are available to you are suitable for use as a planning map. If
the maps are not suitable, two options for making a planning map are described. These options
are to prepare a planning map by:

* Copying, modifying and building upon an existing scale map, aerial photograph or radar

image, or
* Ground surveying.
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6.1.

6.1.1.

Decide whether you need to make a planning map, and if
so, how you will make it

Information required on a planning map

The inventory team will use the planning map to:*

Plan where to put the inventory lines, and
Find the starting points of these inventory lines when they go to the forest.

The inventory team also has the option of using the planning map to:?

Calculate the size of the inventory area (it is important to know the size if calculating
resource quantity), and

Provide a basic structure to which other mapping or inventory information can be added,
in order to produce a final map or maps.

In order to be useful, a planning map must contain the following information:

Scale? This is important for determining the length of the inventory lines, the distance
between them, and for finding the starting points of the inventory lines in the forest. It is
also needed to calculate the size of the inventory area.

Orientation.’ This is needed for determining the orientation (or direction) of the inventory
lines and for finding the starting points of the inventory lines in the forest.

The location of the main access routes in the inventory area. This is needed to plan the
orientation of the inventory lines and to plan how to find the inventory lines in the forest.
Access to the inventory area will usually be by river systems or by roads.

The location of ‘reference points’ along the main access routes to the inventory area.
‘Reference points’ are used by the inventory work teams to find the starting points of the
inventory lines in the forest. A ‘reference point’ is a point on a map that corresponds to a
place in the forest that is easy for the inventory work teams to locate. Good reference
points include the points where minor rivers flow into a major river, or where a main road
branches into other roads. As only points are needed, it is not necessary to map fully all
the smaller streams or roads.

The location of the inventory area. The entire inventory area must be contained in the
map. At the same time, the inventory area should not comprise too small a proportion of
the map. Itis good if the inventory area covers at least half of the map. Information on the
exact location of the inventory area boundary is not essential for planning the inventory,
although it is when making the final calculations. The approximate location of the inventory
area boundary can be drawn on the planning map by the villagers, and the map improved
later using information gathered while doing the inventory.

The accuracy required for the planning map will depend upon what the map is to be used for. If
it will just be used to plan where to put the inventory lines and how to find them in the forest, the
accuracy is not so important. However, if it is to be used to calculate the size of the inventory area

Chapters 7 and 12 discuss these uses for a planning map in more detail.
Chapters 16 and 17 discuss bow to calculate the size of the inventory area and some of the

types of final maps that can be produced.

> Appendix F explains terms such as scale and orientation.

Appendix E indicates which inventory purposes require the estimation of resource

quantity.
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(which in turn will be used to estimate resource quantity), it must be very accurate, as otherwise
the estimates of resource quantity cannot possibly be reliable.

The size of the map is also important. The larger the map, the more easy it will be to see the
details drawn on it. At the same time, the map should be small enough to be easily transported
to and used in a forest camp. A good map size is approximately 1 metre by 1.5 metres. If desired,
a map that is to be used in the field can be divided into more easily handled sheets.

6.1.2. Deciding whether and how you will need to make a planning map
Figure 6.1 illustrates the decision making process described in this section.

Action
Assemble all available scale
maps of the inventory area

.

Question
Do any of those maps contain
the required information?
Is it a suitable size?

' N

if Yes
you do not need if No
to make your own
planning map l

Action
Assemble all available scale maps,
aerial photos and radar images
of the inventory area

.

Question
Do any of the available maps,
photos or images contain
the required information?

' N

if Yes if No
Option 1 Option 2
Make a planning map Make a planning map
by copying or modifying by ground surveying
an existing map. the inventory area.

Figure 6.1. The decision making process for deciding whether
you need a planning map and how to make it.
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Do you need to make a planning map?

Deciding whether you need to make your own planning map begins with finding out what scale
maps are available of the inventory area.> The village may already have made a scale map of their
own. If not, sources outside the village may have scale maps of the area.

Once you have assembled all the maps available, you should evaluate them. For each map, you
should ask:

* Does this map have the information we require (using the criteria outlined in the previous
section)?

* Is this map of a suitable size?

If the answer to both questions is yes, then the map is suitable for use as a planning map, and you
will not need to make your own map. However, if the answer to either question is no, or if no
maps of the inventory area are available, then you will need to make your own planning map.
Two options for making a planning map are described below.

How will you make your planning map?

You should begin by finding out if aerial photographs and radar images of the inventory area, or
part of the area, are available.®

These, together with the maps that you have already assembled, should be evaluated. For each
map, photograph or image, you should ask:

* Does the map, photograph or image contain the information we require?

Note: The size of the map, photograph or image is not a consideration, nor does it matter if it
contains information about only part of the inventory area.

If the answer to this question is yes, then you can make a planning map by following Option 1:
making a planning map by copying, modifying and building upon a scale map, aerial photograph
or radar image. However, if the answer to this question is no, then you must make a planning
map by following Option 2: making a planning map by ground surveying.

6.2. Option 1. Making a planning map by copying, modifying
and building on a map, aerial photograph or radar image

Copying, modifying and building upon other maps, photographs or images is an easy and inex-
pensive way to make a planning map. This method of making a planning map involves three
distinct stages:

1. Make a copy of the map, photograph or image,
2. If necessary modify the scale of this copy, and
3. Build upon this basic copy by adding information to it.

> Appendix G discusses types of scale maps and some ways of obtaining them.

¢ Appendix G explains what aerial photographs and radar images are and discusses some
ways of obtaining them.
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6.2.1. Copy the map, aerial photograph or radar image

There are two ways to copy maps, one using a photocopying machine and the other using tracing
paper. Photocopying maps is usually more efficient. However, copying maps onto tracing paper
may be preferable if you want to copy only some selected information from a complex map. This
is because it may take less time to trace the original map than it would to delete excess photo-
copied information using correction fluid (Tippex). Aerial photographs and radar images, unlike
maps, can only be copied using tracing paper.

How to copy a map using a photocopy machine

A map can be copied by photocopying the original map. Once a single copy has been made,
irrelevant information and blotches caused by the photocopy machine can be deleted using cor-
rection fluid (Tippex). Photocopy this adapted map one more time to get a good quality copy.

How to copy a map using tracing paper

A scale map can also be copied onto tracing paper. Lay a sheet of transparent tracing paper over
the map (see Figure 6.2), and draw four registration marks (it is best to draw these as ‘+’ symbols)
in the corners of the map and tracing paper overlay, so that the two pieces of paper can be lined
up again if separated. Use tape or drawing pins in the corners of both sheets of paper to hold
them in place.

Figure 6.2. How to copy selected information from a scale map
onto tracing paper

Once the sheets of paper are taped or pinned together and placed on a smooth, flat surface, draw
the relevant information from the map onto the tracing paper using a pencil.” The pencilled
information can be darkened later using permanent ink pens. Remember to trace the scale,

7 Appendix G discusses information that can be obtained from different types of maps.
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latitude and longitude grid, north symbol and legend, if appropriate. In addition to tracing the
required information on the location of the main access routes and the reference points along
them, you may want to trace the following information:

* The location of other rivers, roads and ridges,
* The location of villages,

* If the villagers have decided to subdivide the inventory area by area, the location of the
areas, and

* Ifthe villagers have decided to subdivide the inventory area by forest type?, the location of
the forest types.

Tracing paper is awkward to use in the forest. It cannot be folded and will distort when it gets wet.
If a photocopy machine is available you should photocopy the tracing paper onto plain paper.

How to copy an aerial photograph using tracing paper

Copying from an aerial photograph is often referred to as ‘interpreting’, because some of the
information on the photograph is not immediately obvious and must be guessed at from visual
clues found in the photograph.® People making the planning map from a photograph will either
require some skill in interpreting aerial photographs or have a good knowledge of the area con-
tained in the photograph. It is best if people of both skills can interpret the aerial photograph
together.

To begin with, the interpreters should familiarise themselves with the photograph. Some natural
features should be immediately noticeable, including ridges, river valleys and sometimes the riv-
ers themselves, if they are large enough not to be covered by trees and other vegetation. Human
made features will also be noticeable, including agricultural areas, roads and perhaps villages. A
magnifying glass can help the interpreters to examine certain parts of the map more carefully.

It is often possible to differentiate between different land use or forest types (for instance the
difference between secondary and primary forest) on an aerial photograph by looking at the tone
(or colour) differences. This is because different tree species can be coloured differently. Also
important is the ‘texture’ of the forest in the photograph, which can appear to be rough or smooth.
If the forest appears to have a uniform and smooth texture the interpreter can assume the forest
is comprised of young trees, whereas a coarse texture will imply larger trees.

Once the interpreters have familiarised themselves with the photograph they are ready to begin
copying it. Lay a sheet of transparent tracing paper over the aerial photograph (in the same way
described earlier for copying a map using tracing paper), and copy the information required from
the photograph on to the paper. It is often easiest to start with river or road systems as these are
a good framework to which other information can be added. Although a river itself might not be
visible, because trees or cloud obscures it, the river valley will usually be noticeable because of the
valley slope and shadows on the photograph. A river will nearly always follow the base of the river
valley so it should be possible to quite accurately approximate the course of the river.

Other information, such as that listed for copying a map, should then be copied, if desired. It is
important to add or trace the information about the scale, latitude and longitude grid and the
north symbol on to the tracing paper as well.

8 In Chapter 3 (Objective 4) the villagers will have decided whetber they are subdividing the
inventory area by area or forest type.

o Appendix G discusses information that can be obtained from aerial photographs in more
detail.
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How to copy a radar image using tracing paper

Copying a radar image is done in the same way as copying an aerial photograph, described above.'°
Radar images have areas of darkness which look like shadows that can sometimes cover large
parts of the image. These shadowed parts are areas that have been missed at the angle at which
the radar equipment has been set to take the image. It is not possible to determine features inside
these shadow areas and the interpreters should be cautious about building a planning map by
guesswork. Where there are areas of uncertainty it is best to draw in features using a dashed line
and then check these features on the ground.

6.2.2. Modify the scale of the copy

The next stage is to select the scale that is desired for the planning map,'! and if necessary enlarge
or reduce the scale of the copied map, photograph or image to the desired level. The main
consideration in choosing the scale is to end up with a planning map of a suitable size. As men-
tioned earlier, the map should not be much larger than 1 metre by 1.5 metres in size.

As a general rule, the following inventory area sizes are best depicted by maps of the following
scales:

* Less than 2 500 hectares — 1:5 000

e 2500 -7 500 hectares — 1:10 000

* 7500 - 25 000 hectares — 1:25 000

* More than 25 000 hectares — 1:50 000

However, if these areas are long and thin in shape they will require a smaller scale (i.e. a larger
number to the right of the colon) than if they are round or square in shape.

If your planning map is not of the desired scale, it will be necessary to enlarge or reduce it to the
scale that is required. In most cases the map will have to be enlarged rather than reduced. The
easiest way to enlarge a map is by using a photocopy machine. This machine will enlarge by
percentages. To enlarge a map by 200% means that its dimensions have been doubled and its
scale has been halved, for example from 1:50 000 to 1:25 000.

If a 1:50 000 map needs to be made into a 1:10 000 map the map must be enlarged by 5 times or
500%. Most photocopiers cannot enlarge by 500% in one turn. They will usually have a maxi-
mum enlargement capacity of up to 150% or 200%, therefore the map will need to be enlarged in
stages to make it 500% larger. This is done in three steps, as illustrated in Table 6.1.

Table 6.1. Enlarging a map in three steps
Step  Enlargement Original scale Divide by Enlarged scale
1 200% 50 000 2 25 000
2 200% 25 000 2 12 500
3 125% 12 500 1.25 10 000

10 Appendix G discusses information that can be obtained from a radar image.

- Appendix F describes what the scale of a map is an how to use it.
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Sometimes a photocopier will not have sufficiently large paper to fit the entire map on a single
piece of paper. If this is the case the map should be divided up into segments and each piece
enlarged the same amount. It is best if there is some overlap between the pieces of map because
it will make it easier to stick the finished pieces together using glue and tape.

To check if the enlargement is accurate, use a ruler to measure the distance between the same two
points on the original map and the enlarged map. If, for instance, there is a 5 cm distance be-
tween two points on the original 1:50 000 scale map, the distance between the same two points
on the new 1:10 000 map should be 25 cm. On some older machines enlargement might not be
uniform and the machine might stretch the copy and enlarge one part of the map more than other
parts. For instance, it might enlarge the middle by 205% and the outside by only 195%. It is
therefore a good idea to check the map in several different places. Every time an enlargement is
made from a copy the distortion will get worse. It is better therefore to use the minimum number
of steps necessary to reach the desired scale map. If the distortion is perceptible on a particular
machine try to find another.

There might be cases when only a small portion of a scale map covers your inventory area. If so,
you will need to enlarge or reduce that part of the map alone, as shown in Figure 6.3.
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Figure 6.3. It is possible to enlarge or reduce only a part of a
scale map that covers your inventory area.

Often when enlarging maps the copy will have blotches and marks, and its lines might be broken
and smudged. If this is the case the map will need to be touched up using correction fluid (Tippex)
to white out the unwanted marks and a fine black pen to fill in lines and features that are broken.
If the copy is really bad it might be simpler to trace the information needed onto a piece of tracing
paper and then photocopy this.

Once a map has been successfully enlarged, you should check that the scale is written correctly.
The scale will have to be rewritten if expressed as a fraction scale, but not if expressed as a graph
scale.'?

12- Appendix F explains what fraction and graph scales are.
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6.2.3.  Build upon the copy

Additional information can now be added to the copy to make it a completed planning map. This
additional information may come from three possible sources, each of which are discussed in
more detail below:

* Other maps, aerial photographs or radar images,
* Ground surveys (and possibly from GPS), or

* The villagers or their sketch maps.

Adding information from other maps, aerial photographs or radar images

The base map should be made from the best map, photograph or image available. You may add
information from other maps, photographs or images by several methods:

* Photocopy the other map, photograph or image, cut out the part which you need, tape it
to the basic copy, and photocopy them together, or

* Trace a line from the other map, photograph or image onto tracing paper with a pencil
and transfer it to the basic copy using the method described in Box 6.1.

Remember that the scale of maps, photographs or images must be the same. If they are not, one
of them will need to be enlarged or reduced first.

Box 6.1. Transferring information from one map to another using
a pencil and tracing paper

The steps to follow in transferring information from a second map, photo-
graph or image to a base map using a pencil and tracing paper are as follows:

1. Find a reference point on the second map, photograph or radar image
that can also be found on the basic copy (e.g. a river branch, a bridge),

2. Place some tracing paper on the second map, photograph or image and
trace the desired information, and the reference point, using a pencil,

3. Take the tracing paper off the map, photograph or image and turn it to
its other side. With the pencil, gently shade in an area on the back of
the tracing paper, behind the traced information.

4. Turn the tracing paper around to the traced side, place it on the basic
map so that the reference points are lined up, and trace over the desired
information again with the pencil. This will cause the lead on the other
side of the paper to be transferred to the map. Darken this pencilled
line with a black pen.

5 Appendix F explains these features of maps in more detail.
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Adding information from ground surveys (and possibly from GPS)

Ground surveying involves gathering mapping information in the field and then plotting it on a
map. This may be necessary if information is missing or incorrect in sections of your planning
map. For example, the maps, photographs or images you have copied may have covered only part
of the inventory area. Or, areas within the original photographs or images may have been ob-
scured by shadows and not interpreted accurately. The next section describes how to do ground
surveying.

If your planning map has a grid reference'* (such as latitude and longitude or UTM), you can use
GPS in conjunction with or instead of ground surveying. GPS provides a quicker way of gathering
information than ground surveys, as you can gather information in an open boat or truck without
having to walk. GPS equipment records waypoints (i.e. the coordinates on a grid reference) of
features in the field that you can then plot on a map. You can use GPS to record the location of
potential reference points along the course of a river or road, at all major bends and all bridges,
branches or junctions with other rivers and roads.

Adding information from villagers or their sketch maps
Information from the villagers that needs to be added to the map include:

* The approximate location of the boundary of the inventory area. Information about the
exact location of the inventory area boundary is not essential for planning the inventory.
However, it is needed to determine the size of the inventory area, which must be known in
order to make the final calculations.?” If the location of the inventory area boundary is not
known before beginning the inventory work, it should be approximated. Later, information
gathered while doing the inventory work can be used to improve the accuracy of the map.

Optional information to add include:

* Local names for rivers, streams, ridges, mountains and villages. The names for these
features on some maps might be different from the names used by villagers. This is often
the case if the maps have been made by people outside the village. For the planning map
it is less confusing for the villagers if the local names are used.

*  More up to date information on man-made features than that copied from the map,
image or photo. It is not uncommon for maps, photos or images to be out of date which
means that man made features, such as the location of villages and roads or the pattern of
land use, are no longer accurate.

Villagers who know the area can add this information directly to the planning map. Or, you may
add information yourself using the villagers’ sketch maps as a guide.'¢ Later, information gathered
during the inventory work can be used to improve the accuracy of the map.

6.2.4. Adding the basic features of maps

Once the map has been completed, it should be checked to see whether the scale, north symbol,
grid reference, date and legend are in place."”

Appendix F describes grid references in more detail.

15 The villagers may bave drawn the inventory area boundary on a sketch or
scale map when they determined Objective 3 in Chapter 3.

Appendix C describes how to make sketch maps if one bas not been made alread)y.
17" Appendix F explains these features of maps in more detail.
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You might want to make at least two copies of this map. One can be used for planning where to
locate the inventory lines, as described in Chapter 7, and the other for making the final maps, as
described in Chapter 16.

6.3. Option 2. Make a planning map by ground surveying

A village that has no access to any accurate scale maps, photographs or images will need to make
a land survey map. A land survey map is a scale map that can be made using only limited tools.

The most common method used in surveying is called a traverse. During a traverse a survey team
measures the lengths and bearings of a series of straight lines walked on the ground. Each time
the survey team changes direction they must begin a new line. All information about bearings and
distances is recorded in a notebook. Later this information is plotted on a land survey map.

6.3.1.  Traverse types

During participatory inventory it is likely that only two types of traverse will be used (see Figure
0.4), notably,
* Alinear, or open,
traverse, and

* A boundary, or
closed, traverse.
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Figure 6.4. Two types of traverse, a) a linear traverse along a river,
and b) a boundary traverse.

A linear traverse follows a line, such as a river or road. Information from a linear traverse can be
used to create a simple map that is sufficiently detailed to plan the inventory.
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A boundary traverse can be used to delimit the boundary of an inventory area or smaller areas
within it. Survey work for a boundary traverse usually starts and finishes at the same point. This
type of traverse can provide information about the size of an area in hectares, which is important
in making the final calculations. However, putting evenly spaced inventory lines across the area
will also enable you to draw the location of the boundary and estimate the area’s size without
having to do a boundary traverse.

6.3.2. Making a traverse

Two people, a leader and a compass person, usually make a traverse. They make the traverse by
repeating a sequence of steps:

1. The traverse should begin at a visible landmark, for instance a large tree close to the
meeting point of two rivers, so that it can be found again. Preferably, the landmark should
be visible on a map or an aerial photograph. This start point is called the ‘Point of
Commencement’, or POC.

2. Once the POC is located the first person (or leader) takes the end of the tape measure that
is marked with a zero, and a straight stick two metres in length that is marked with brightly
coloured tape, and walks in the direction that the traverse is taking. He or she must make
sure the tape is kept straight between the two points and not caught around trees or
undergrowth.

3. Once the leader has found a spot where the coloured stick is still visible from the POC,
and where the distance from the POC is some multiple of 2 metres (i.e. a distance of 10,
12, 14, ..., to 50 metres), he or she stops and holds the coloured stick vertically. This point
is called a station, or traverse point. If it is the first station after the POC it will be called
station 1.

4. The second person (or compass person) remains at the POC and holds the roll end of the
tape measure as the leader pulls it out. When the leader arrives at the station he or she
holds the tape end tightly. The compass person then pulls the tape tight, reads the distance
and records this number in a notebook. This is the slope distance. The compass person
must also measure the angle of the slope.'®

5. The compass person then takes a compass bearing from the POC to the coloured stick that
the leader is holding at station 1.* This bearing is also recorded in the notebook.

6. The compass bearer should also make notes about natural and man made features that
were crossed or passed between the POC and station 1.

The leader marks the exact location of station 1 by putting a stick or other marker in the ground.
The leader then walks on to station 2. At station 2 the leader holds the tape tight and waits until
the compass person has reached the mark left at station 1. When the compass bearer reaches this
point he or she records the slope distance, angle of the slope and bearing from station 1 to station
2. The compass bearer can also take a bearing from station 1 back to the POC. This is called a
back bearing and should also be recorded in the notebook. Information from the back bearing
can be used to check the accuracy of the original bearing. To do this, the compass bearer first
calculates the opposite direction of the back bearing.?® If the original bearing and the opposite

18 Appendix H describes bow to estimate horizontal distance using these measurements of
slope distance and angle of the slope.

¥ Appendix H explains how to take a compass bearing.

2 Appendix H describes bow to calculate the opposite direction of a bearing.
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direction of the back bearing differ by more than 2 degrees, the survey team should try to deter-
mine why the error occurred , and take the measurement again, very carefully. During this time
the leader marks the exact location of station 2. And so the process continues.

A semi-permanent mark should be made at each station so that it will be easy to find at a later
time. The survey team may want to return to a station in order to start a new traverse from a
known point on the map. When making a survey map the traverse tends to follow rivers. Once
one river has been followed to its source it is easier to return to a station that has been marked in
an earlier traverse and use this as a new POC. This means that the surveying team will not have to
backtrack on the earlier traverse. Figure 6.5 shows a surveying team following a major river from
the river mouth (POCa) to one of its sources. Once they have completed this they return to
station 5 and survey a new line along a tributary of the river using station 5 as the POCb.

Figure 6.5. How a survey team might follow a major river from
the mouth to its source

If the survey team is following a river it is important that the team stays as close to the river as
possible. If for some reason it is not possible to follow the river closely the team should measure
their distance from the river as accurately as possible and include this information in their notes.
If the team passes by features that they would like to include in the map, they should make a
‘cross-tie’ to these features. They should also make cross-ties to any features that are likely to be
visible in maps or remote sensing imagery (e.g. bridges, buildings, mountain tops, river branches),
because this information can be used later to verify the accuracy of each leg of their traverse.
Cross-ties are made by measuring bearings (and whenever possible, distances) from a station on
a traverse to the feature. This information should be recorded in the notebook.
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6.3.3. Recording the traverse

When taking any notes in the field it is important to include as much relevant information as
possible because it might help to clear up a misunderstanding later. If notes are clear and easy to
understand it will also mean that somebody who was not involved with the actual traverse can
find and check parts of the traverse just from the notes.

Notes are best written in a bound notebook with a sharp pencil. On the first page you should
write:

* The date of the traverse,

*  Who did the traverse,

* Where the traverse took place, and,

* A detailed description of the POC so the exact starting point can be found again.

The left-hand pages of the notebook are used to record the measurements from the traverse. The
corresponding right hand pages can be used to draw in sketches of the traverse. The traverse
notes and sketches should always be written from the bottom of the page and then upwards
because this is the view the survey team will have as they look ahead of themselves.

Each left-hand page should be divided into seven columns (see Figure 6.6) Information from the
traverse should be filled in the columns as follows:

* In the left-hand column called ‘station number’ the recorder should begin by writing
number 0, this represents the POC. This column (station number) can also be used to
include a running total of the horizontal distance covered during the traverse

* In the second column called ‘front bearing’ the compass bearing from the POC to station
number 1 should be recorded.

* In the third column called ‘back bearing’ the compass bearing from station number 1 back
to the POC should be recorded.

* In the next three columns, only the columns named ‘slope distance’ and ‘angle of the
slope’ should be filled. These readings are always recorded from the POC to station number
1 and not the other way around. The column ‘horizontal distance’ can be filled in at
leisure once the slope distance and angle of the slope are known.?!

* The final column named ‘other notes’ can include as much or as little information as is
required. This information should correspond to features (such as rivers, roads or forest
types) passed in the segment of the traverse which falls between the POC and station 1.

Once this is complete the recorder will write number 1 in the ‘station number’ column on the line
above the number 0. This row will be used to record information from station number 1 to
station number 2.

The right hand page of the note book can be used to draw a sketch of the traverse (see Figure 6.0).
The POC should be drawn at the bottom of the page. A line representing the traverse can then be
drawn up the page to station number 1 and then on to other stations after that. Information
about things seen on the way can be included. The sketch can be very rough and does not need
to be to scale or have the correct orientation. It is only important that it gives a rough idea of what
was seen on the traverse. Every station should be marked on the map so that the features can be
seen in relation to the stations.

2L Appendix H explains how to determine the horizontal distance from the slope distance and
the angle of the slope.
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Figure 6.6. Example of how information from a traverse is
recorded in a field notebook.

Once the field notes are complete they describe a traverse line. With this information it will be
possible to make a survey map.

6.3.4. Making a map from traverse information

The traverse information recorded in the notebook can be used to create a survey map. To do this
an appropriate scale must be chosen and then the individual stations and the bearings and dis-
tance between them should be plotted onto a piece of graph paper. It is easier to plot the infor-
mation onto a large piece of graph paper. The final map will also be easier to read and more
attractive than if it is drawn onto a small piece of graph paper. Other information gathered from
the survey work can be added to this ‘skeleton’ later.

Choosing a scale

It is important to choose a scale which will enable all the information gathered from the survey
work to fit onto a piece of graph paper of a desired size.?? (1 metre by 1.5 metres is a good map
size).

For a simple linear, or open, traverse, this is done by adding up all the horizontal distances re-
corded between stations. This will give an approximate length of the whole traverse and it will be
this length that will have to be mapped onto the longest side of the graph paper. The longest side
of the paper, as illustrated in Example 6.1 must therefore divide this distance.

The information gathered from the survey work may cover a number of different line traverses
over a large area. This is particularly likely in participatory inventory, where river systems which

2 Appendix F explains what a fraction scale is and bow to use it.
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are often surveyed. In this case it might be best draw a quick, but still to scale, map on a smaller
piece of graph paper before attempting to plot it on a large piece. Once this is done measure the
North-South and East-West dimensions to determine a scale which will enable the information to
fit well onto the larger piece of graph paper.

Example 6.1. Estimating a suitable scale for a land survey map

If the traverse is a bit less than 200 metres long and the graph paper is 40
cm long, then the scale that is wanted is one in which 40 cm on the paper is
the same as 200 metres on the ground. This is the same as 40 cm = 20 000
cm, or 1 cm = 500 cm. In mapping terminology this is written as 1:500.

However, if the graph paper is 90 cm long, the scale should be 90 cm =
20,000 cm, or 1 cm = 222.22 cm, which is not very convenient to work
with. Instead the closest convenient scale that will fit should be used. In
this case the appropriate scale is 1:250. A scale of 1:200 is not suitable
because if the traverse is straight it will be too long to fit onto the piece of

paper.

It can be difficult to choose an appropriate scale for a closed traverse. In some circumstances the
traverse might be roughly rectangular. In this case the longest length should be treated as the
linear traverse described above. Once a tentative scale has been worked out the total length
between the stations of the longest adjacent side should then be calculated. This number should
be multiplied by the same scale to see if this will fit the width of the paper. If this does not work
a new scale should be chosen, based on the width instead of the length.

Plotting the traverse from the notebook onto the map

The bearings of the traverse are plotted with a protractor and the distance between stations meas-
ured using a ruler. The easiest protractor to use is completely round, a full 360°, and transparent.
The ruler should have millimetres marked on it and also be transparent.

It is sometimes difficult to know where to start on the piece of graph paper in order that the
plotted traverse does not run off the page. If a test map has been made on a small piece of paper,
as is described above, this will give a good idea of the overall shape of the map and choosing a
starting point will not be too difficult. If there is no test map, then the people doing the plotting
should look at the field notes and compare the bearings of the first few stations with the protrac-
tor. This will give an idea of which way the traverse is going keeping in mind that the top of the
paper is north. For instance if the bearings begin between 90° and 120°, and then they switch to
a range between 180° and 230° it can be assumed that the traverse is moving roughly in an anti-
clockwise direction. Therefore, if the whole traverse is to fit on a piece of graph paper the start
point would probably have to be around the centre of the top of the piece of paper. Once the
start point has been determined it should be marked with a small cross. This point will represent
the POC from the field notes.

The graph paper should be orientated so that north is pointing to the top of the page. It does not
matter if the graph paper is placed on either its side or bottom, this will depend on the shape of
the traverse. Place the protractor on the paper so that the centre point is aligned with the exact
point of the POC. Align the line between 0° (or 360°) and the centre point on the protractor with
the vertical (North-South) lines on the graph paper. Read the bearing from the POC to station 1
from the notebook. If the original bearing and back-bearing differ slightly, use the average of the
two bearings. Find the bearing, or angle, on the protractor and make a small mark on the graph
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paper with a pencil. Move the protractor away and use the ruler to measure the horizontal dis-
tance from the POC to station number 1. Make sure to convert the horizontal distance between
stations in the field to the appropriate distance on the map.? Draw this line along a bearing that
is directed at the mark that has been made on the edge of the protractor.

For example, 50 metres is recorded between the POC and station number 1 and the scale being
used is 1:1000. This 50 metres is converted to 5000 cm and divided by the scale (i.e. 1000), giving
aresult of 5. Therefore the distance between the POC and station number 1 on the map is 5 cm.

Once the location of station number 1 has been marked on the map the bearing and distance
from station number 1 to station number 2, or from any station to a feature recorded during a
cross-tie, is worked out using the same procedure.

Checking your traverse

In a boundary traverse, the end point should meet the starting point when you plot the traverse
on a map. Often the points do not meet. This is not a problem if the error is small. To determine
whether the error is small enough to ignore, calculate the percent error by following the steps
described below:

1. Measure the gap between the POC and the end of the line (in cm).

2. Add up all the distances in your notebook to get the total length of the traverse or the
perimeter length.

3. Convert the perimeter length to cm using the scale of the map.

4. Calculate the percent error by dividing the gap by the perimeter length and multiplying
this by 100.

If the percent error is below 3%, you have a good traverse. Ifit is larger than 3%, you should look
for the sources of error and try to correct them. For example, have you misread a number or
made a calculation incorrectly? If you have an accurate scale map that shows the locations of the
features to which you made your cross-ties, you can use your cross-tie data to determine the true
locations of some of your stations and isolate where the error has occurred.

In a linear traverse, it is not possible to determine the percent error as you could for the boundary
traverse. However, if your traverse is between two known points on an accurate scale map, (or if
its two ends are cross-tied to two known points on a map), your map is accurate if, after drawing
the traverse, the final point ends neatly at the second point on the map (or at the correct cross-tie
distance and bearing from the second point on the map). Again, as with the boundary traverse, if
you have an accurate scale map you can use your cross-tie data for some of the stations in between
these end points to isolate where the error has occurred.

There are standard procedures for making adjustments for known (and sufficiently small) errors
in boundary and linear traverses so that the adjustments are distributed around the mapped
traverse in a rational manner. Unfortunately there is not enough space in this manual to describe
these procedures. This information should be available in a mapping or surveying manual. How-
ever, if your error is large, and if you cannot determine the source of your error, you will have to
return to the field to redo your traverse. If you have managed to isolate the location of the error
by the use of cross-tie data, you can redo the surveying in that location alone, and will not have to
redo the entire traverse.

3 Appendix F explains how to convert distance on the ground to distance on a map using the
map’s scale.
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Adding information from the villagers or their sketch maps

Once the basic river or road structure has been plotted, other information may be added to this
map.

Information from the villagers that must be added to the map include:*

* The approximate location of the boundary of the inventory area. Information on the
exact location of the inventory area boundary is not essential for planning the inventory.
However, it is needed to determine the size of the inventory area, which must be known in
order to make the final calculations. If the location of the inventory area boundary is not
known before beginning the inventory work, it should be approximated. Later, information
gathered while doing the inventory work can be used to improve the accuracy of the map.

Optional information to add include:

* Local names for rivers, streams, ridges, mountains and villages. The names for these
features on some maps might be different from the names used by villagers. This is often
the case if the maps have been made by people outside the village. For the planning map
it is less confusing for the villagers if the local names are used.

*  Otbherinformation. Other information that is considered relevant to planning the inventory
may be sketched on to the map, such as the location of the village and the boundaries of
the major land uses. Later, information gathered during the inventory work can be used
to improve the accuracy of the map.

Some information can be added directly by villagers who know the area, or transferred from the
villagers’ sketch maps.?

Adding the basic features of maps

Once the map has been completed it should be checked to see whether the scale, north symbol,
grid reference (this feature is often not possible to add if the map has been made by ground
surveying alone), date and legend are correct and in place.?

You might want to make two copies of this map. One can be used for planning where to locate the
inventory lines, as described in Chapter 7, and the other for making the final maps, as described
in Chapter 16.

Where to next

Once the planning map has been prepared, you can use it to plan the inventory work. This step
is described in the next chapter.

% In Chapter 3, the villagers should have drawn the inventory area boundary on a sketch
map when they determined Objective 3.

% Appendix C describes how to make sketch maps if one bas not been made alread)y.

2 Appendix F explains these features of maps in more detail.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
7.1. Decide whether you will use 100% enumeration or sampling with inventory lines,
7.2. Option 1. Use the planning map to plan a 100% enumeration, and
7.3. Option 2. Use the planning map to plan the location of the inventory lines.

Skills/information required

The skills or information that you will require include:
* Appendix I. Why we have chosen to sample with inventory lines.

Materials required

* A planning map, transparent A4 sheets on which simple grid graph paper has been
photocopied, permanent pens, methylated spirits, a ruler, a calculator, a notebook and a
pencil.

Introduction

Now that you have a planning map, you are ready to use it to plan your inventory. Your first step
will be to decide whether your inventory will be done by 100% enumeration or by sampling. If it
will be done by 100% enumeration, you must choose whether to do it in the village or the forest,
and follow the instructions for either choice, using the planning map as required. If it will be done
by sampling, you must use the planning map to draw the sampling design recommended in this
manual. This sampling design is known as ‘systematic strip sampling’ and consists of inventory
lines placed in an even pattern across the inventory area. These inventory lines are divided into
plots of 10 metre width and 50 metre length, placed end to end. This chapter describes how to
locate the inventory lines on the planning map in a way that ensures that the lines have the
appropriate spacing and orientation.
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7.1. Decide whether you will use 100% enumeration or
sampling with inventory lines

People conduct inventories in order to obtain information about the quantities of given forest
resources in a given area. This information can be obtained by counting every individual plant
existing in the forest area. This method is called 100% enumeration. Alternatively, this informa-
tion can be obtained by counting only some of the individual plants, and then estimating the
quantities of all individuals in the forest area. This method is called sampling. A more exact
estimate of quantity is obtained by using 100% enumeration than by sampling. However, the cost
of the inventory, usually measured in terms of time and people, is an important consideration, as
100% enumeration is usually more costly than sampling, and a less exact estimate of resource
density or quantity is almost always adequate for most inventory purposes.

A 100% enumeration may still be more affordable or necessary if:

* All the individual plants of a given resource are known to the villagers. For example, the
honey bee trees in some places in Jambi province are individually known and named by
their owners. Here, the 100% enumeration may be done most efficiently in the village by
interviewing the villagers, as described below.

* The inventory area is small enough that one team can enumerate it within a few days.
An area is small enough if it is less than 5 hectares in size. Here, 100% enumeration must
be done in the forest, as described below.

* The inventory area is divided into islands of forest that are small enough that one team
can enumerate each of them within a few days. For example, the rattan and fruit tree
gardens found in East Kalimantan province are planted in abandoned rice fields and thus
do not tend to ever be more than 2 hectares in size. If there are hundreds of these islands
it may be necessary to select a random sample of these islands, rather than visit all of the
islands. Example 7.1. describes how this was done in one area. Then, on each of the
selected islands, 100% enumeration must be done in the forest, as described below.

* It is required by government. Under current Indonesian law, if a logging company wants
to log an area they must conduct a 100% enumeration of timber trees prior to felling.
Villagers may need to do the same in order to obtain permission for logging. Here, 100%
enumeration must be done in the forest, as described below.
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The way to plan a 100% enumeration, whether in the village or in the forest, is described in
Option 1, below.

Example 7.1. Randomly selecting fruit gardens for 100%
enumeration

In one village in East Kalimantan, the villagers decided to determine the
quantity of important timber and non-timber resources found in their
traditional fruit gardens, called simpukng. These fruit gardens are small,
never more than 2 hectares in size, and numerous, amounting to over 314
gardens. For this reason, the villagers decided to conduct their inventory
in the following manner:

1. Map the location of all of the gardens. The locations of the gardens
were drawn by the villagers on a planning map that had already been
prepared. The boundaries of the gardens were not mapped because
the gardens were so small and numerous it would have been too difficult
and costly to map them.

2. Randomly select a proportion of the gardens. The gardens were
assigned numbers, and 30 of the 314 were selected using the random
selection method described in Box 7.2. This was assumed to cover an
adequate proportion of the gardens (almost 10%), and was within the
cost limits of the villagers.

3. Map the boundaries of the selected gardens in the field and determine
their size. A mapping team surveyed the selected gardens to determine
their size. They also marked the location of the boundaries in the field
in order to guide the inventory team later during their 100%
enumeration. An alternative to using a mapping team would have been
for the inventory team to complete the inventory work first, and then
use the information on the quantity and lengths of the inventory lines
to draw maps of the gardens and determine their size.

4. Conduct a 100% enumeration in each selected garden. The method
used for the 100% enumeration is described below.

For the calculations, the average resource density of the selected gardens
was assumed to represent the average resource density of all the gardens.
The average size of the selected gardens was also assumed to be the same
as the average size of all of the gardens. This meant that the remaining
unselected gardens were not mapped, nor were their sizes calculated.

Sampling may be preferable to 100% enumeration if:
* The plants are not all known to the villagers,

* The inventory area, or the islands of forest in the inventory area, are large (i.e. greater than
5 hectares), or

* 100% enumeration is not required by government.

The way to plan sampling is described in Option 2, below.
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7.2. Option 1. Use the planning map to plan a 100% enumeration

7.2.1.  100% enumeration in the village

As discussed above, sometimes forest resources are sufficiently valuable, and sufficiently few in
number, that each individual plant or tree may be owned and its location known by someone in
the village, at least in the forest areas near the village. If this is the case for a resource that the
village has chosen for inclusion in the inventory, then it may make better sense to count all of the
individuals of this resource by consulting the villagers rather than by trying to find them in the
forest.

To do so, a list of all resource owners in the village should be drawn up, and each person asked to
make their own list of the individual plants that he or she owns. The resource owners may note
the locations of these plants on the planning map as well.

7.2.2. 100% enumeration in the forest

With 100% enumeration in the forest, the entire area to be enumerated is covered with inventory
lines spaced 10 metres apart (if enumerating timber species only, the lines should be spaced 20
metres apart). This is illustrated in Figure 7.1.
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Figure 7.1. Different orientations and starting points of inventory
lines for areas under 100% enumeration.
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Before the inventory team goes to the forest they should plan the 100% enumeration by using the
following steps:

1.

7.3.

Draw the boundary of the area (or areas) on the planning map. Calculate the size of the
area (or areas) using the method described in Section 7.3.3. If such exact information is
not available, ask a villager who knows the area to sketch it and guess its approximate size.

Estimate how many days and inventory work teams (of 6 people on each team) and it
would take to complete an enumeration of this area (or areas), using as a rough guide the
approximation from Appendix D that one inventory work team in one day can complete:

1.0 hectare if lines are 10 metres apart (2.0 hectares if lines are 20 metres apart), if the area
is hilly, and

1.5 hectares if lines are 10 metres apart (3.0 hectares if lines are 20 metres apart), if the
area is flat.

Check whether this number of team days is within the cost limits determined by the villagers
for this inventory. If it is not, the villagers will have to decide whether they should increase
the cost limits for the inventory or reduce the size of the inventory area as a whole.

Look at the map of the area (or areas) and determine the orientation for your inventory
lines that will be most convenient for the inventory work team. Often it is good to orient
the lines so that they are perpendicular to the long axis of the area. Figure 7.1 illustrates
some suitable orientations.

Choose a convenient starting point for the inventory work team and mark it on the map.
The starting point should be on one end of a line at the edge of the area. Figure 7.1 also
illustrates some suitable starting points.

Use the planning map to plan the location of the inventory lines

7.3.1. Why and how we sample with inventory lines

If you are sampling your inventory area, you will need to plan where to put your sampling design.
The sampling design recommended in this manual is called ‘systematic strip sampling’. This
method has been chosen because it is simple, accurate and cost efficient. Appendix I explains in
more detail why this manual recommends systematic strip sampling as a sampling design. You
are recommended to read this appendix. Systematic strip sampling consists of inventory lines
with the spacing and orientation described in Box 7.1, below. These lines are divided along their
length into plots that are 10 metres wide and 50 metres long.

Box 7.1. Spacing and orientation of inventory lines

Inventory lines within one working unit should have the following spacing
and orientation:

* Spacing: There should be an equal distance between all of the lines.
The actual distance between lines will depend upon how many plots
you have decided to put in the working unit.

* Orientation: All lines within the working unit should have the same
bearing (i.e. they should be parallel), and oriented so as to:

a) Cover maximum variation in the vegetation (see Figure 7.2), and

b) Maximise the number of inventory lines that can be placed in the
working unit (see Figure 7.3).
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Figure 7.2. If the topography is considered the main source of
variation in vegetation, the inventory lines should go
from the main river to the ridge, cutting the river and
ridge at right angles.
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perpendicular to the longest axis of the unit, if
possible, so that the number of lines is maximised.
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The steps to follow to plan the location of these lines are as follows:

BN =

Decide whether or not you need to divide the inventory area into working units,
Calculate the size of the working units (if there are any),
Divide the total number of plots amongst the working units (if there are any), and

Draw the inventory lines on the planning map, either in the inventory area as a whole or in
each working unit (if there are any).

7.3.2. Decide whether or not to divide the inventory area into working units

It may or may not be necessary for you to divide the inventory area into working units (see Figure
7.4). An inventory area should only be divided into working units if:

A more suitable orientation for the inventory lines within each working unit can be obtained
by doing so, or

It makes it more convenient for the inventory team to conduct the inventory. For example,
you should divide an inventory area into working units if this makes it easier to place
camps with easy access to all the inventory lines in the working unit.

The boundaries of the working units should be easily distinguishable in the forest. There are a
number of possible types of working units:

River watersheds (see Figure 7.4a). The ridges that form the boundaries of river watersheds
are usually easy to distinguish. Lines oriented so as to cut the general direction of the
main river at right angles ensure that maximum variation in topography, and hence the
vegetation, is covered. As the river is often parallel to the long axis of the watershed, this
line orientation also can maximise the number of inventory lines that could be placed in
the watershed. Finally, rivers often provide good access routes to the inventory lines and
ensure easy access to the inventory lines as well. Thus one option is to divide the inventory
area into its respective watersheds. If desired, neighbouring watersheds that have rivers
running in roughly parallel directions can be combined in one working unit.

Blocks formed by a grid of logging roads or survey lines (see Figure 7.4b). The logging
roads or survey lines may clearly delineate blocks of forest, and also provide good access
to these blocks. Usually this sort of situation will only be found in areas that have been, or
are about to be, logged.

Separate islands of forest (see Figure 7.4c). Islands of forest in the inventory area must
each be considered a separate working unit. If large enough, they may need to be divided
further into smaller working units.

Remember there is no one correct way to divide an area into working units. Instead, there are
usually many suitable solutions. Try to weigh up the different considerations to decide upon
working units that are cost efficient and convenient for your situation.
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Figure 7.4. Good working units can be made from: a) river
watersheds, b) blocks formed by a grid of logging
roads or survey lines, and c) islands of forest in the
inventory area.

Dividing an inventory area into working units is not the same as subdividing an inventory area,
whether by smaller area or forest type.! The reasons for making these types of division are not the
same. You divide the inventory area into working units in order to plan the most effective and
convenient location of inventory lines. In contrast, you divide the inventory area into smaller
areas or forest types if you want to make separate calculations for each smaller area or forest type.
A working unit may by chance cover the same area as a smaller area or forest type. However, a
working unit may encompass several smaller areas or forest types (see Figure 7.5a) or it may be
only a part of one smaller area or forest type (see Figure 7.5b).

L Chapter 3 discusses subdivision of an inventory area into smaller areas or forest types.
y 47
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Figure 7.5. A working unit may: a) encompass several forest types
(e.g. WU1, which has both old rubber plantations and
forest), or b) be only one of several islands of one
forest type (e.g. WU3, which is only a part of the
village’s rubber plantation).

7.3.3. Estimate the size of the working units

If you have divided your inventory area into working units, you will now need to estimate their
size. As the boundaries of these working units may not be known exactly, these size estimates may
not be accurate. Nonetheless an approximation is still needed for planning the location of the
inventory lines. After the inventory work has been completed, a more accurate estimate of the
area’s size should be possible.

The size of the working units can be estimated in five steps:

1. Draw the boundary of each working unit on the planning map

The boundaries of all working units should be drawn on the planning map. If it is not possible to
draw the boundaries accurately (because the planning map does not show the necessary detail),
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their location should be approximated. Sometimes these boundaries may follow a river, road, or
survey line but they will most often follow ridges that separate one watershed from the next.
Some maps will show the location of ridges (e.g. topographic maps or aerial photograph- or radar
image-derived maps) but local people who know the area should still check these maps. Other
maps may not show the location of ridges (e.g. ground survey maps made by surveying the main
river system). In such cases the location of the ridges can be approximated by drawing them
halfway between a given river and its neighbouring rivers (see Figure 7.0).

Figure 7.6. The location of the ridges between watersheds can be
approximated by drawing them halfway between a
given river and its neighbouring rivers.

2. Trace the boundaries of the units onto a graph paper transparency

Place a transparent plastic sheet, on which simple grid graph paper has been photocopied, on top
of the planning map. Trace the boundaries of each working unit onto the plastic sheet with a
permanent ink pen (see Figure 7.7). If a working unit is larger than the transparent plastic sheet
it should be divided into sections on the map, and each section traced on to different transparent
sheets until the whole unit has been covered.
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Figure 7.7. How to trace the boundaries of each working unit
onto the plastic sheet with a permanent ink pen.

3. Count the number of squares within the boundaries of each unit

Count the total number of squares within the boundary of each working unit. An efficient way to
do this is to (see Figure 7.8):

* Draw square or rectangular blocks within the boundary and calculate the total number of
squares within each block by multiplying its width by its height,
* Count all the remaining whole squares, and then
* Count any partial squares by matching pieces of squares together to make the equivalent
area of whole squares.
Using a calculator, add together these subtotals and write the total number of squares for the

working unit in a notebook. You can remove the ink from the transparent sheet with methylated
spirits in order to use the sheet again.
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Figure 7.8. Count the total number of squares within the boundary
of each working unit by dividing the working unit
area up with squares, calculating the sub totals of
these squares and then adding all the sub totals
together.
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4. Calculate the size of one square on the transparent sheet

In order to calculate the size (in hectares) of a working unit you must calculate the size of one
square at the scale of your planning map.? Measure one side of a square on the transparent sheet.
Convert this distance on the map to the corresponding distance on the ground using the scale of
the map. This value should then be squared to obtain the size of the square. This value should be
expressed in hectares by dividing it by 10 000, as one hectare is equal to 10 000 square metres
(Table 7.1, below, can be used to express units of area as hectares, square kilometres, square
metres or square centimetres). An example of this calculation is provided in Example 7.2.

Table 7.1. How to express units of area as hectares, square
kilometres, square metres or square centimetres

bha km? m? cm?
1 hectare or ha= 1 0.01 10000 1x108
1 square kilometre or km?= 100 1 1x10° 1x10Y
1 square metre or m*= 0.001 1x10° 1 10 000
1 square centimetre or cm?= 1x10% 1x10' 0.0001 1
Example 7.2. Calculating the size of one square

In this example, the side of one square on the transparent sheet is 0.5 cm.
The scale of the map is 1:25 000, which means 1 centimetre on the map is
the same as 25,000 centimetres (which can also be expressed as 250 metres)
on the ground. Thus 0.5 cm on the map is the same as 125 metres on the
ground (0.5 x 250 = 125).

If each square on the transparent sheet is 0.5 centimetre by 0.5 centimetre
then on the ground each square is 125 metres by 125 metres. This is an
area of 15,625 square metres on the ground (125 x 125 = 15,625), which
can also be expressed as 1.5625 hectares (15 625 + 10 000 = 1.5625) (see
Table 7.1).

5. Calculate the size of the working units

Once you have counted the total number of squares for a working unit, as well as the size of each
square on the transparent sheet, then you can calculate the size of the working unit by multiply-
ing the above two values together. An example is provided in Example 7.3.

Example 7.3. Calculating the size of a working unit

A working unit covers 3492 squares, and the size of each square is 1.5625
hectares. The size of the working unit is therefore 3492 squares multiplied
by 1.5625 hectares, which gives a result of 5456 hectares.

2 Appendix F explains bow to convert a distance on the ground to a distance on a map using
the map’s scale.
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7.3.4. Divide the total number of plots amongst the working units

If you have chosen to divide the inventory area into working units, the next step is to divide the
total number of plots that have been planned for the inventory amongst the working units. You
should already have calculated the number of plots that best balances the cost and precision
objectives of the village.> Allocate these plots amongst the working units so that the number of
plots in each unit is proportional to the size of each unit. In other words if one working unit is
twice the size of another working unit, the larger unit should have twice as many plots as the
smaller unit. To do this, work out the ratio of each unit’s size relative to the total size of all the
units together, and apply this ratio to the total number of plots. An example is provided in
Example 7.4.

Example 7.4. Dividing the total number of plots amongst the
working units

A total number of 900 plots can be established under the cost and precision
constraints that the villagers have chosen. The inventory planners want to
divide these plots amongst three working units (one of 5456 hectares, one
of 5818 hectares and one of 951 hectares) so that the number of plots in
each working unit is proportional to the size of each working unit. This is
done by making the calculations shown below:

Unit A: 5 456 hectares 5456 + 12 225 = 0.4406; 900 plots x 0.446 =402 plots
Unit B: 5 818 hectares 5818 + 12 225 = 0.476; 900 plots x 0.476 =428 plots
Unit C: 951 hectares 951 + 12 225 = 0.078; 900 plots x 0.078 = _70 plots
Total: 12 225 hectares 900 plots

Thus the three working units are allocated 402, 428 and 70 plots, respectively.

7.3.5. Draw the inventory lines on the planning map

This section describes how to draw the inventory lines on the planning map so that they have the
appropriate spacing and orientation, as outlined in Box 7.2. To do this, follow the seven steps
outlined below, repeating all seven steps for each working unit. If you have not divided the
inventory area into working units, substitute the words ‘inventory area’ for the words ‘working
units’ when following these steps.

1. Draw a base line and estimate its length

The base line is the line that the inventory lines will cut at right angles. If the best orientation for
the inventory lines is to be perpendicular to a river or road, the base line should be parallel to the
river or road. If the river or road is roughly straight, then the decision as to where to place the line
will be relatively simple. Ifit is not, you will have to approximate the general direction of the river
or road and place the base line parallel to this direction (see examples in Figure 7.9).

3 Appendix D describes bow to calculate the number of plots that best balances the villagers’
cost and precision objectives.
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Figure 7.9. How to locate a base line on the planning map if the
river or road being used for orientation is not straight.

Draw the base line on the planning map using a pencil and ruler. It should be drawn at the
appropriate orientation, in the approximate centre of the working unit. The two ends of the base
line should extend as far as the farthest points at which inventory lines could be drawn on the
inventory area or unit. This may mean that the base line extends beyond where it meets the
boundary of the working unit (see Figure 7.10 for an example). After drawing the base line, you
should measure its length in centimetres with a ruler.
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Figure 7.10. The baseline should extend as far as the farthest points
at which inventory lines could be drawn on the working
unit. Sometimes the base line will extend beyond where
it meets the boundary of the working unit.

2. Estimate the average length of the inventory lines

The inventory lines will cut the base line at right angles and extend until both ends meet the
boundary of the working unit. They will have different lengths at different points along the base
line, depending upon the shape of the working unit that they are in. Measure lengths at several
points along the base line and take their average, in order to estimate what the average inventory
line length will be (in centimetres). An example is provided in Example 7.5.

Example 7.5. Estimating the average length of the inventory
lines

To estimate the average length of the inventory lines for the working unit in
Figure 7.11, the inventory planners drew three lines. The lengths of these
lines were 5.5, 5.4 and 2.5 centimetres. These lengths were added together
and divided by three to obtain an average line length of 4.6 centimetres
((5.5+ 5.4 + 2.5) +3 = 4.6).

3. Calculate the total length of the allotted plots

A number of plots will already have been allotted to the working unit. Calculate the total length
of these plots, if they were placed end to end, by multiplying the number of plots by their length
(in this manual 50 metres is the recommended plot length). This total inventory line length
should be then be converted from metres on the ground to centimetres on the map using the
scale of the map. An example is provided in Example 7.6.
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Figure 7.11. Estimating the average length of the inventory lines.

Example 7.6. Calculating the total length of the allotted plots

402 plots have been allocated to the working unit depicted in Figure 7.11.
This number of plots multiplied by 50 metres (the length of each plot)
gives a total length of 20 100 metres (402 x 50 = 20 100).

The map scale is 1:25 000. Therefore, 1 centimetre on the map is the same
as 25 000 centimetres (or 250 metres) on the ground. To convert from
metres on the ground to centimetres on the map, the total length of the
allocated plots (20 100 metres on the ground) should be divided by 250
metres (which is the equivalent of one centimetre on the map), giving a
result of 14.0 centimetres on the map.? This means that the inventory
planners should draw a total length of 14.0 centimetres of inventory lines
on the planning map in this particular working unit.

4

Appendix F explains how to convert a distance on the ground to a distance on a map using the map’s

scale.



1 00 Section Il Planning the Inventory Work

4. Calculate the number of inventory lines

To calculate how many inventory lines will be drawn on the map, the total inventory line length
(calculated in Step 3) should be divided by the average inventory line length (calculated in Step
2). You must round your answer to a whole number. It is always best to round down rather than
round up because rounding up makes it more likely that you will go over the number of plots that
you have planned to establish in your working unit. This step is illustrated in Example 7.7.

Example 7.7. Calculating the number of inventory lines

On the planning map 14.0 centimetres of inventory line has been allocated
to the working unit in Figure 7.11. The average length of inventory lines in
this unit has been estimated at 4.6 centimetres. 14.0 centimetres divided
by 4.6 centimetres gives a result of 3.04, which is rounded down to 3. This
result means that 3 inventory lines should be drawn in this working unit.

5. Calculate the distance between inventory lines

To calculate the distance between all inventory lines in this unit, the length of the base line (meas-
ured in Step 1) should be divided by the number of inventory lines that need to be drawn in this
unit (from Step 4). This is illustrated in Example 7.8.

Example 7.8. Calculating the distance between inventory lines

On the working unit depicted in Figure 7.11, the length of the baseline is
9.7 centimetres. The inventory planners have calculated that 3 inventory
lines will need to be drawn in this unit. 9.7 centimetres divided by 3
inventory lines gives a result of 3.2 centimetres. This is the distance that
should be measured between the inventory lines on the map.

6. Select the position of the first line

The position of the first line should be chosen randomly. The way to make a random selection is
described in Box 7.2. This step is illustrated in Example 7.9.

Box 7.2. Selecting a random number

The basic principle involved in selecting a random number is to ensure that
every number has an equal chance of being selected. A number of methods
can be used:

1. Write all of the numbers on cards of paper, put these cards in a box, and
draw one from the box.

2. If there are too many numbers to be able to write each on a card, write
the digits ‘0’, ‘1°, ‘2’ through to ‘9’ on cards, and draw them from a hat
as many times as there are digits in the largest number (i.e. if the largest
number is 99 or less, draw cards twice, if the largest number is 999 or
less, draw cards three times). Remember to replace the card you have
drawn before drawing a second card. If the number you end up with is
larger than your largest number, draw the series of cards again.
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Example 7.9. Selecting the position of the first line

As the distance between lines is 3.2 cm, the first line should be placed
somewhere between 0.1 and 3.2 centimetres from the beginning of the
base line. The inventory planners therefore randomly selected a number
between 1 and 32. The number they selected was 23, therefore the point at
which the first inventory line will cut the base line will be 2.3 centimetres
from the start of the base line.

7. Draw the inventory lines on the planning map

Once the number of lines (from Step 4), the distance between the lines (from Step 5) and the
position of the first line (from Step 6) have been established for the working unit, you should
draw all the inventory lines on the map in pencil.

Using a ruler, you should then measure the length of these lines and add these lengths together.
Compare this total length to the allotted total length for the working unit (from Step 3). If the
total length of lines is too high (remember that at a scale of 1:25 000, 4 to 6 centimetres on the
map is approximately one team day’s worth of work), then the number of inventory lines should
be decreased by one. If the total length of lines is too low, then an extra inventory line can be
added on. If you drop or add a line, you should return to Step 5 and repeat all subsequent steps
until a satisfactory total line length is reached.

Where to next

Now that you have planned your inventory on the planning map, the next step is to decide what
information about the resources and environment you will be gathering when working along the
inventory lines and how you will gather it. This will be discussed in the next chapter.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
8.1. Plan how to gather information on the plants, and
8.2. Plan how to gather information on their environment.

Skills/information required

The skills or information that you will require include:
* Appendix K. Measuring plant size.

Materials required

* Notebook, pen, metre tape (optional), diameter tape (optional), ruler (optional) and
clinometer (optional).

Introduction

Having planned your inventory using the planning map, the next step for you and the inventory
team is to plan what information you will be gathering along the inventory lines and how you will
gather it. This information could be about the plants being enumerated in the inventory or about
their immediate environment. The general information required (i.e. for all resources generally,
not each resource specifically) should already have been decided in Chapter 3, when the villag-
ers determined Objectives 2 (resource information) and 5 (environmental information). This chapter
explains how to plan the specific information that is wanted about each resource and about the
environment. It also explains how to estimate or measure this information.
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8.1 Plan how to gather information on the plants

The whole inventory team should discuss plans for gathering information on plants together.
The decisions you will have to make include:

*  What type of information do you want to collect about the plants of each resource species?

* Do you want to include all the plants of each resource species in the inventory, or only a
limited range of the plants?

The next two sections will discuss these decisions in more detail.

8.1.1.  Type of information

For each individual plant of a given resource species, information can be recorded about their:
* Age (e.g. whether the plant is a seedling, sapling or tree, etc.),
* Size (e.g. the plant’s diameter, height, length, etc.),

* Sex (e.g. whether the plant is male or female (Note: this is only relevant for species where
there are separate male and female plants)), or

* Condition (e.g. whether the plant is healthy, sick or dead, etc.).

The villagers will already have made some general decisions about the type of information that is
wanted for all of the resources chosen for the inventory.! These decisions should relate to the
inventory purpose. The inventory team will now need to refine these general decisions by think-
ing about the specific information required for each resource, still bearing in mind the purpose of
the inventory. Each resource should be considered separately because each resource has its own
unique growth form. For example:

* Some resources may be clumped and some may not (see Box 8.1 for discussion of
considerations involved when a resource species is clumped), and

* Resources may also be trees, palms (stemmed, non-climbing), rattan palms (stemmed,
climbing), bamboo, climbers, shrubs or herbs.

Different growth forms require different ways of assessing or measuring their age, size, sex or
condition. For example, trees grow by increments of diameter and their size should be measured
by diameter at breast height, whereas rattan stems grow by increments of length and their size
should be measured by length.

L Chapter 3 (Objective 2) describes how the villagers determined the information that is

wanted about the plants.
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Box 8.1. For clumped species, should you gather information on
the clump or the stem?

Some resource species may be solitary (such as durian trees) and some may
be clumped (such as bamboo). If a particular resource is clumped, the
inventory team will have to decide whether to gather information about
the clump or about the individual stems within the clump. There are several
considerations affecting this decision:

* One consideration is to think about what is more important for the
purpose of the inventory, the clump or the stem. If the purpose is to
compare the relative densities of the same resource in different areas, it
may be sufficient to count the clumps. However, if the purpose is to
determine the total economic value of a resource in an area, it will be
necessary to count all stems within each clump.

* A second consideration is how easy it is to determine where one clump
ends and another begins. It can be difficult to tell which groups of
shoots belong to which clump when a clump is spreading rather than
tightly clustered. In this case, it may be wiser to count only the stems,
as determining clumps will become very subjective and is likely to vary
from person to person.

Table 8.1, and the remainder of this section provide a summary of the way in which different types
of information (e.g. information on age, size, sex and condition) is usually gathered for different
growth forms. It also discusses how to assess or measure this information. Sometimes standard-
ised methods for measuring plants, particularly trees, are recommended; instructions for these
methods can be found in Appendix K.

Use the remainder of this section to look up suggestions for the growth form for your particular
resource species. These are general guidelines only, and you should remember to keep your
particular inventory purpose and resource species in mind when making your decisions.

Table 8.1. Ways of measuring different growth forms of plant
Growth Form Age Class Size
Tree Seedlings Diameter at breast height,
Saplings Height
Poles
Trees
Palms Seedlings Height
(stemmed, Juveniles
non-climbing) Stems
Rattans If counting stems: Length
(stemmed, Buds
climbing) Stems
If counting clumps:
Seedlings
Juveniles

Stemmed clumps
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Table 8.1. continued

Growth Form Age Class Size
Bamboo If counting stems:
Shoots

Immature stems
Mature stems
Over-mature stems

If counting clumps:

Seedlings
Clumps
Climbers Seedlings Diameter at breast height
Saplings Length
Stems
Shrubs Seedlings Height
Shrubs
Herbs Age classes Height,
(if relevant) % Cover of subplot area

Age

The age of a plant is an important measurement for some inventories. If the purpose is to deter-
mine a sustainable harvesting rotation, information needs to be gathered on the plants’ age in
order to assess how the resource population is reacting to the harvesting regime.

The age of most plants is difficult to determine directly. Sometimes the age of trees can be deter-
mined by looking at the tree rings in a core of wood that is extracted from the trunk. The age of
stemmed palms can be estimated by counting the number of internodes on the stem and multi-
plying this by the average length of time taken to grow one internode (i.e. the time taken from the
full emergence of one leaf to the full emergence of the next). However, these are complicated
procedures that often require special tools. These procedures are not covered in this manual.

Often the age of a plant can be roughly estimated from its size. However the correlation is usually
not exact. Depending upon the nature of an individual plant or its local environment, some
plants within one species may grow very slowly and their size will be small for their age, whereas
others may grow quickly and their size will be large for their age. That is why researchers monitor
plants of commercial species in marked areas, called permanent plots. They monitor these plants
over a sufficient period of time to calculate how long, on average, it takes a particular species to
grow to a certain size under certain environmental conditions. You might want to do this for your
resource species. However, this manual does not describe the procedure for doing this. The
manual by Alder and Synott (1992) describes how to monitor plants in permanent plots in order
to understand how they increase in size over time.

Below is a system of age classes for the major growth forms that you are likely to encounter in
tropical forest. These age classes are based on both the plant's appearance (for the youngest age
class) and size (for the older age classes). If your purpose is to plan the harvesting rotation of a
resource, you will need to monitor the younger age classes of these plants, in order to understand
the impact of harvesting on the resource.?

2 Appendix L discusses how to conduct regeneration studies in order to monitor the impact
of barvesting.
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Tree age

Trees could have the following age classes (Figure 8.1):
*  Seedlings: 0-150 cm high,
* Saplings: from 150 cm high to 5 cm diameter,
* Poles: 5-20 cm diameter, and

* Trees: greater than 20 cm diameter. Trees above 20 cm diameter at breast height (dbh) can
be placed in diameter classes such as 20-29 cm dbh, 30 -39 cm dbh, etc.
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Figure 8.1. Four age classes of a tree: a) seedling, b) sapling, c)
pole, and d) mature tree.

Palm age

Stemmed, non-climbing palms could have the following age classes (see Figure 8.2):

Seedlings: Palms which have seedling leaves (these are different in appearance from those
which are produced later),

* Juveniles: Palms which are still stemless, but have begun to develop leaves which are the
same in appearance as those of the stemmed palm, and

* Stems: Palms that have begun to develop a stem. Stems can be further divided into height
classes, such as 1-100 cm, 101-200 cm, etc.
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Figure 8.2. Three age classes of a stemmed, non-climbing palm:
a) seedling, b) juvenile and c) mature palm.

Rattan age

Some rattan species form clumps of stems rather than just one solitary stem. Box 8.1 discusses
the considerations involved in deciding whether it is better to count clumps or stems in clumped
species.

Rattan clumps can be assigned to roughly the same age classes as those of other palms:

* Seedlings: Rattans which have distinctive seedling leaves (these are different in appearance
from those which are produced later),

* Juveniles: Rattans which are still stemless, but have begun to develop leaves which are the
same in appearance as those of the stemmed rattan, and

* Stemmed clumps: Rattan clumps which have begun to develop at least one stem. Stemmed
clumps, however, are difficult to age. The longest stem in the clump will indicate the
minimum age of the clump but it will not indicate the actual age of the clump if other,
longer stems in the clump have previously been harvested.

Rattan stems can be divided into the following age classes (see Figure 8.3):

* Buds: Instead of beginning growth as seedlings, stems in a clump will begin as stemless
‘buds’ which sprout from the base of the clump, and

* Stems: Rattan buds that have begun to develop a stem. Stems could be further divided
into length classes, such as 1-400 cm, 401-800 cm, etc. Rattan stems change in status from
‘immature’ to ‘mature’ or ‘harvestable’ when they are long enough that a sufficient length
of the stem (from the base upwards) is bare and dry, having dropped its outer leaf sheaths.
The total stem length at which this happens varies with the species and the environment.
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Figure 8.3. Two age classes of a rattan stem: a) bud, and b) stem.

Bamboo age

Bamboos usually form clumps of stems (called culms). Sometimes it is easy to determine what
clump a culm is from, sometimes it is not, depending upon how far the culms spread from the
original clump. Consult Box 8.1 to decide whether you will assess bamboo by the culm or by the
clump.

Bamboo clumps could have the following age classes:

* Seedlings: young bamboo which have not yet begun to develop a culm or produce other
shoots, and

*  Clumps: any clump with a culm.
Bamboo culms could have the following age classes:
* Shoots: stems that are still young enough to be eaten,
* Immature stems: stems which are too old to be eaten but too young to be harvested,
*  Mature stems: stems which are ready to be harvested, and

*  OQuer-mature stems: stems that are too old and inflexible to be harvested.

Climber age
The age classes for climbers can be defined as follows:
*  Seedlings: 0-150 cm high,
* Saplings: from 150 cm high to 5 cm diameter, and

* Stems: 5 cm diameter and greater. These stems should be placed in diameter classes such
as 5-9 cm dbh, 10-14 cm dbh, etc.
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Shrub age
The age classes for shrubs could be defined as follows:
* Seedlings: plants with the first few leaves; branches not yet formed.

* Shrubs: plants that have already formed branches. These shrubs could be placed in height
classes such as 1-20 cm, 21-40 cm, 41-60 cm, etc.

Herb age

Many herbs are short lived. It may be difficult to assign them to an age class, as can be done with
longer lived plants like trees or palms. Other herbs may live long enough to be assigned to age
classes based upon their height, as done for shrubs.

If your herb species is clumped, you should consult Box 8.1 to decide whether you will assess the
herb by the individual stem or by the clump.

Size

The size of a plant is an important measurement for a number of inventory purposes. For in-
ventories conducted in order to plan a sustainable harvesting rotation, size can be used to
approximate the age of the plant, as discussed earlier. For inventories in which the resource’s
productivity is being quantified, size is important because it often has a strong link with the
productivity of the plant.

The best way to measure the size of a plant depends upon its particular growth form, as is dis-
cussed below.

Tree size

Initially trees grow in height as well as diameter. However, once they reach maturity they stop
growing in height, and grow mainly in diameter. Thus height is a good measurement of growth in
young trees (i.e. saplings) but not older ones. The diameter is an important parameter for older
trees, as a tree’s diameter is often closely related to its growth and productivity (whether produc-
ing timber or non-timber products such as leaves, fruit, resin, etc.). However, in timber trees, the
height of the older trees will need to be measured in addition to the diameter in order to calculate
their productivity (i.e. timber volume).?

The diameter of a tree is the distance from one side of a tree trunk to the other, across the centre
point of the trunk (Figure 8.4). The diameter is commonly measured 1.3 metres from the ground,
a distance called ‘breast height’. The way to measure the diameter at breast height (dbh) has been
standardised.*

> Appendix M discusses bow to estimate a tree’s timber volume.

4 Appendix K has instructions on bow to measure tree diameter at breast height.
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Figure 8.4. The diameter of the tree is the distance across the
centre of the trunk.

The height of the tree is usually measured from its base at ground level to a number of different

points on the tree (see Figure 8.5). These different measurements of height include the:
* Height to the top of the buttresses. This is the distance from the base of the tree to the
point on the trunk where the buttresses are no longer visible. This is useful to know in

order to have a record of where the diameter was measured (since on buttressed trees it is
measured 20 centimetres above the buttresses).

* Timber or merchantable bheight. This is the height of the timber in the tree that can be
potentially sold (called merchantable volume). This is measured from the base to the
point at which the first living branches can be seen.

* Total beight. This is the vertical distance from the base to the uppermost point of a tree.

There are a number of standardised ways to measure or estimate tree height.’

> Appendix K bas instructions on bow to measure or estimate tree beight.
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Figure 8.5. The height of a tree can be measured as: a) buttress
height: from the ground to the top of the buttresses,
b) timber height: from the ground to the point where
the first living branches can be seen, and c) total
height: from the ground to the uppermost point on
the tree.

Palm size

The main difference between stemmed, non-climbing palms and trees is that their trunks do not
grow outwards in diameter in the same way that trees do. A palm grows upwards as it ages. At the
top of the palm, new leaves are produced one at a time. With the production of each leaf, the
stem grows in height by one segment of stem called the internode. As new leaves are produced at
the top of the stem, the older leaves further down the stem begin to dry and eventually drop off.
This accounts for the appearance of palms, whose trunks consist of a series of leaf scars or nodes
with stem segments or internodes in between.

Thus the most significant measurement of stemmed palms is their height, although some palms
also increase in diameter as they age. The height of palms may be measured using standard tree
height estimation methods.® Several measurements of height are possible (see Figure 8.6):

¢ Appendix K gives instructions on how to measure or estimate the height of a tree.
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* Total beight: from the ground to the base of the uppermost, unexpanded leaf (this is
sometimes called the shoot) (see Box 8.1), or

* Height of mature stem: from the ground to the beginning of the lowermost green leaf.
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Figure 8.6. Stemmed palms can be measured for their: a) Total
height: from the base of the stem to the base of the
uppermost unexpanded leaf, or b) Height of mature
stem: from the base of the stem to the beginning of
the lowermost green leaf.

Rattan size

Rattans are stemmed, climbing palms. As with many other palms, their growth is confined to the
top of the stem and their diameter does not increase. Unlike stemmed, non-climbing palms,
rattans do not grow straight vertical stems. Instead their stems may coil, loop, and climb. Thus it
is more important to measure the length of a rattan stem (i.e. length along the stem) than its
height (i.e. vertical height from the ground to the top of the stem).

Estimating rattan length can be difficult, especially when the stems are looped in the upper canopy.
However, a typical rattan in a primary forest will be anchored in the canopy, with the remainder of
the stem dangling down and coiled on the forest floor (see Figure 8.7). To measure it, tug the
stem gently so that its length from the canopy to the forest floor is more or less vertical. This
‘above-ground’ length is then estimated using standard tree height estimation methods.” The
‘ground’ length of the stem (i.e. the part coiled on the forest floor) can be directly measured with
a metre tape.

7 Appendix K gives instructions on how to measure or estimate the bheight of a tree.
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Figure 8.7. The ‘above-ground length’ of a rattan is usually meas-

ured from the point where the stem rises from the
ground to: a) the base of the uppermost unexpanded
leaf, or b) to the beginning of the lowermost green
leaf. The ground length can be directly measured

with a measuring tape, from c) the base of the stem to
the point where it rises from the ground.

A quicker but less accurate method than the one described above is to visually estimate the length
class of the rattan stem (i.e. whether it falls into the 1-400 cm, 401-800 cm, or 801-1200 cm
classes).

Bamboo size

The stems of bamboo (culms) grow to a certain height within a period of several years, after which
they stop growing. Thus the height of a bamboo culm is different from the diameter of trees, the
height of palms or the length of rattans, all of which continue to grow as long as the plant lives.
The diameter of the culm similarly does not increase. Thus a bamboo’s height and diameter is not
related to its growth, survival or productivity, and neither measurement will normally be neces-
sary in a bamboo inventory.

Climber size

Climbers are similar to trees in that they grow in height (i.e. length) and diameter over time. They

are also similar to rattans in that their stems may coil, loop, and climb, making a measurement of
their length more significant than their vertical height.
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Climber diameter should be measured at breast height using the method described for measuring
tree diameter at breast height.® Climber length can be estimated using the methods described for
rattan length. However, climbers tend to have stems which are more coiled than rattan stems and
the estimation of their length is likely to be much less accurate.

Shrub size

Shrubs rarely grow significantly in diameter. Therefore, the best way to measure the size of shrubs
is by their height. This can usually be measured directly using a height pole, as done for smaller
trees.’

Herb size

Some herbs take the form of solitary plants. For solitary herbs, height may be a good indicator of
size. This may be measured directly by a tape measure or ruler. As these plants do not develop
woody stems, diameter is not likely to be a significant measurement.

Other herbs form a cluster that spreads across the ground. With herbs which are spreading
clusters, it may be difficult to distinguish where one plant ends and another begins. For spread-
ing clusters of herbs, the size can be estimated by estimating its percent cover of the subplot area
(i.e. whether the cluster covers 5%, 50% or 95% of the entire subplot area).

Sex

A plant’s sex (if the plant species has separate male and female plants) is directly related to its
productivity if the products are flowers, fruits, seeds or nuts. However, often it is difficult to
determine the sex of the plant if it is not fruiting. Information on a plant's sex, if this is desired,
should be recorded as a code.

Condition

A plant’s condition can have a direct relationship to its productivity, growth and survival. Condi-
tion does not have to refer to the plant’s state of health. For example, if a tree is a species that is
likely to support honey hives (i.e. a canopy emergent), it may be relevant to record whether
honey bee hives can be seen on its branches or not.

If recorded as informal notes, information about a plant’s condition is rarely useful, as it cannot
be formally analysed. It is best to develop a system of codes for the conditions that are of interest.
This system of codes should have the following characteristics:

* Flexibility. The inventory teams should be able to develop new codes for new conditions
as they appear in the field. The list of codes should therefore be open ended.

* Careful definition. Each code should be carefully and clearly defined in a field reference
sheet (such as Table 8.2) to the people gathering the information, with appropriate training
in its application. If new codes arise they should be documented as well.

* Coded by letters. Each code should consist of one to three letters. This makes them easier

to record in the field than if they are words. Letters are preferable to numbers as they are
easier to remember. For example, CD for ‘crown damage’ is easier to remember than ‘14’.

Some suggestions for plant condition codes are provided in Table 8.2. One plant may have more
than one of these conditions applying to it simultaneously.

8 Appendix K describes how to measure the diameter.

®  Appendix K describes bow to measure tree beight with a beight pole.
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Table 8.2. Some plant condition codes

Code Meaning of code Explanation of code

DP Dead plant The plant is apparently dead, but
remains standing.

FP Fallen plant The plant has completely fallen.

FW  Flowering/fruiting This is noted if the plant is in flower, or
is bearing or dropping fruit.

GD Gaharu detected The infection that causes gaharu has
been detected in the tree (for gaharu).

BH Bee hives The tree has bee hives on its branches
(for honey trees).

HS Harvested stem Stems have been recently harvested
(for rattans or bamboo).
LS Logged stump A sawn stump, indicating logging.
RT Rotten timber Evidence of rot entering the tree from visible

rotten pockets left by broken branches.

8.1.2. What range of plants to include in the inventory

The villagers will also have made general decisions about whether they will be including all plants
of the resource species in the inventory or a limited range of the plants.® These decisions will
relate to the inventory purpose. The inventory team should now determine the range required
for each resource, bearing in mind the purpose of the inventory:

* Age: Notall ages of a particular resource need to be included in the inventory. For example,
seedlings are almost never productive, and they are often time consuming to measure.

* Size: The inventory team may need to determine an exact size (in diameter, height or
length) that divides non-productive individuals from productive individuals. It may be
best to walk in the forest and measure trees of different sizes, in order to determine an
exact measurement. This is because discussion of diameter, height or length in the village
might be too abstract, especially if these measurements are not the villagers’ usual way of
thinking about plant size. A common lower limit for trees is 20 cm dbh.

* Sex: The inventory team will need to decide whether females or males should be excluded.
This may be difficult to do in practise, especially if the two sexes cannot be differentiated
out of fruiting season.

* Condition: The inventory team will need to decide whether plants displaying certain
conditions should be excluded. For example, the team may decide not to include honey
trees that do not currently have honey bee hives.

Example 8.1 provides an example of the specific information chosen for one particular inventory.

10 Chapter 3 (Objective 2) describes how the villagers determined the information that is
wanted about the forest resources.
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Example 8.1. The specific information chosen for seven resource
species by one village inventory team

The purpose of the inventory in one village was to determine the economic
value of the most important resources existing in their forest. The villagers
had chosen two timber species, one fruit tree species, three rattan species
and one shrub species as their most important forest resources. The villagers
had also decided that an enumeration of all productive individuals would
be sufficient for their inventory purpose.

The inventory team held a planning meeting in order to define what specific
type of information they wanted for each resource and the range of plants
of each resource that they wanted in their inventory. The result of their
meeting was that they decided to enumerate these resources in the following
manner:

Resource species Type of information Range of plants

Timber trees dbh All healthy (i.e. not dead or sick)
(all 2 species) trees with dbh of 50 cm or greater
Fruit trees dbh All healthy female trees with

(1 species) dbh of 30 cm or greater

Rattans number of mature  All healthy clumps containing at
(all 3 species) stems in clump least one mature stem (‘mature’

being defined as having a bare,
dry stem of 4 m length or longer)

Shrubs height All healthy shrubs greater
(1 species) than 50 cm in height

8.2. Plan how to gather information on the environment

Environmental information is obtained by assessing or measuring the environment in which the
resources are found. This information can be used to classify or zone areas according to their
potential for resource availability or productivity, or according to their ecological sensitivity to
disturbance. The villagers will already have decided in a general way about the environmental
information they would like to gather.!

This section discusses some simple standardised methods for assessment or measurement of
environmental information. In most cases, environmental measurements should be made for
each of the five 10 metre by 10 metre subplots that comprise the 50 metre by 10 metre plot. It is
best to make site measurements for each subplot rather than for the whole plot. This is because
the entire area of the subplot can be seen at one glance, whereas that of the larger plot cannot. As
well, the variation covered by the larger plot could possibly be too large for one measurement to
be applied to the whole area. However, in some cases, the measurements of the subplots will

1 Chapter 3 (Objective 5) describes how the villagers determined the information that was
wanted about the environment.
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have to be combined in order to obtain an overall reading for the plot. For example, even if a
boundary between two forest types occurs halfway through the plot, the team will have to deter-
mine which forest type predominates in the plot and assign that forest type to the plot.

Three basic types of site indicators are discussed in the remainder of this section:
* Topographic indicators,
* Vegetation indicators, and

* Site description codes.

8.2.1. Topographic indicators

Topographic indicators assess the natural shape and position of the land on which the plots have
been placed. They might include altitude, slope, aspect or slope position.

Altitude

The altitude is a measurement of the vertical distance from sea level. The altitude affects the
average air temperature, which in turn has a direct influence on the type of vegetation that can
grow in that environment. Thus it can be a useful indicator of forest type.

The altitude of an area can be determined from topographic maps. It can also be measured in the
field, but only with special equipment such as an altimeter or a GPS instrument.

Slope and aspect

The slope is a measurement of the angle of the slope in the steepest direction of the plot. The
aspect is the bearing taken when facing down the slope. Slope is commonly used to classify land
for appropriate land uses (i.e. it may not be appropriate to cut trees on slopes over 31° (60%) due
to the risk of promoting soil erosion). Both the slope and the aspect are useful information to
have for mapping the shape of the land.

The slope is measured using a clinometer, a compass with slope needle, or a home-made slope-
measuring tool. The reading must be taken in the steepest direction of the slope. The aspect is
measured by taking a bearing of the direction of the slope with a hand held compass. The person
taking the bearing must take it facing down the slope.'?

Slope position

Slope position describes where the site is located in relation to the shape of the surrounding land
(i.e. whether it is on a valley, slope or ridge). It indicates the movement and presence of water at
the site (i.e. whether water accumulates or disperses from that site). This is an important factor in
site productivity and ecological sensitivity to disturbance. Thus, slope position provides impor-
tant information about how an area may be zoned and managed. Slope position is also useful
information for mapping the shape of the land and possibly for confirming on the inventory map
where the plot is. Inventory area boundaries are often delineated along major rivers and ridges.

12 Appendix H describes how to measure the angle of a slope with different instruments and
bow to take a bearing with a compass.
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The slope position of a plot is scored as follows (see Figure 8.8):

* 1:valley or gully

* 2:lower slope

* 3: mid slope

* 4:upper slope

* 5: hill top or ridge
The slope position is taken from the central point of each plot. If a small gully or embankment
dissects the plot, this should be noted with a descriptive code (i.e. GU for gully; see section on site

description codes, below), and the general slope position of the plot considered apart from the
local features within it.
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Figure 8.8. The slope position of a plot is scored as follows: 1)
valley or gully, 2) lower slope, 3) mid slope, 4) upper
slope, and 5) hilltop or ridge.

8.2.2. Vegetation indicators

If the inventory area has been divided into specific forest types, the villagers should now be asked
to decide how they are going to determine the forest type that each plot is in. They should be
encouraged to use their own categories for forest types, in their own language. They may decide
that it is sufficient for them to determine and record the forest type directly, rather than record
information that can be used as indicators of forest types. However, if they decide to record the
presence or absence of indicators of forest type, a number of choices await them.

The presence of certain plant species, called indicator species, is sometimes used to determine
specific forest types. For example, the presence of a certain tree species (i.e. Macaranga sp.)
might indicate that the plot is in ‘young secondary forest’. Other indicators of a specific forest
type might include the approximate canopy height, the number of trees with a diameter at breast
height of 50 centimetres or more, etc.
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Table 8.3, below, provides an example of some forest types and the type of indicators that might
be appropriate for them.

Table 8.3. An example of some forest types and the
indicators used to identify them.
Forest type Description of forest type  Indicators
Agroforest Cultivated trees of a Cultivated fruit tree species
mixture of species. (e.g. Rambutan, or

Nepbelium lappaceum)

Young Secondary forest two to Pioneer species (e.g.

secondary approx. ten years after Macaranga sp.

forest shifting cultivation.

old Secondary forest approx. Late succession species

secondary ten to thirty years after (e.g. Pentace laxiflora)

forest shifting cultivation.

Primary Primary lowland Lowland dipterocarp

forest dipterocarp forest species (e.g. Ironwood,
or Eusideroxylon
zwageri with more than
50 cm dbh)

8.2.3.  Site description codes

Site description codes describe the overall character of an area, or standard natural features. For
example, site description codes often assess human disturbance of various types and degrees,
including burning, farming, or logging. They can also be used to describe important natural
features such as tree fall gaps, gullies or streams. These codes can be useful for mapping the
inventory area, for identifying forest types or for identifying the boundaries of specific areas.

As with plant condition codes, site description codes should be flexible, carefully defined and
coded by letters. Several site description codes can be applied to the same plot. Table 8.4 lists
some suggested indicators.
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Table 8.4. Some suggested site description codes (adapted
from Alder and Synnott, 1992).
Code Meaning of code Explanation of code

AG Agricultural land
AL Alang-alang land
CA Campsite

CS Cultural site
FI Fire

FP Footpath
GA Gap

GU Gully

LO Logging
LR Logging road

RK Rock outcrop

RS River, stream or lake
SC Shifting cultivation
SM Settlement

SW Swamp

TC Tree crops

Where to next

Site of permanent agricultural land.
Site of degraded grassland.
Indications of a recent campsite.

A site of cultural importance, such as an
abandoned village, graveyard or
monument.

Indications of recent forest fire.
A footpath crosses the plot.
A natural gap formed by tree fall.

A dry gulley (as opposed to stream)
intersects the plot.

Signs of recent logging.

A skid trail, a logging road, or part of the
cleared margin for one intersects the
plot.

Rock outcrops intersect part of the plot.

A river, stream or lake intersects the
plot.

Part of the plot has been recently felled
and burned for cultivation.

Presence of permanent human
habitation.

Indications of extensive and continuous
waterlogging of the soil, including the
presence of swamp species, dark black
soils, standing water (the latter may be
absent during the dry season).

Tree crops (i.e. rubber, oil palm) are
growing on the plot.

Having planned the information that you want and the way in which you will measure it, you
should now prepare data sheets for recording the information and field reference sheets to guide
the inventory work teams in information gathering. This step is described in the next chapter.



Design the Data Form
and Field Reference Sheets

Where you are in the participatory inventory method:

I Decision making in the village

E’.@@ﬁ
Baat?

Introduce participatory inventory to the villagers
Determine the inventory purpose

Determine the inventory objectives

Select the inventory team and work dates

Il Planning the inventory work

5
6
7
8
9
0

1

Assemble equipment unavailable in the village
Prepare the planning map

Use the planning map to plan the inventory
Plan the measurement of plants and site
Design the data form

Organise the work in the forest

Il Inventory work in the forest

11
12
13
14
15

Train the inventory team

Locate the starting point in the forest
Conduct the inventory work

Check the inventory work

Collect botanical specimens

IV Presenting the results of the inventory

oAt

16
17
18
19

Prepare the final map(s)

Compile data and make calculations

Prepare the final report

Present the results to the villagers and plan follow up



1 24 Section Il Planning the Inventory Work

Objectives

After reading this chapter, you will be able to complete the following tasks:
9.1. Design the data form, and
9.2. Prepare field reference sheets.

Skills/information required

The skills or information that you will require include:
* Appendix P. Dataforms.

Materials required

* Ifrecording data on sheets of paper: Regular photocopy (A4 or legal size) paper, access
to a photocopy machine, a ruler, a black pen, a typewriter (optional) and a computer
(optional).

* Ifrecording data in exercise books: exercise books with grid lines on the pages, scissors,
a ruler and a ballpoint pen or pencil.

Introduction

You have now established what information you want to collect about the resource plants and
their environment and how you want to collect this information. Your next step is to design a data
form on which this information can be recorded. As well, you must prepare field reference sheets
to accompany the people who will be recording the data. These sheets should contain all infor-
mation necessary to make the gathering and recording of data as accurate and consistent as
possible.
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9.1. Design the data form

9.1.1. Choosing the materials for the data form

Designing the data form begins with choosing the materials that you will use to make the data
form. There are two choices:

* Sheets of paper, or
* Exercise books.

The advantages and disadvantages of each are discussed below.

Individual sheets of paper

A data form can be designed on an individual sheet of paper (of standard photocopy size, usually
A4 or legal). The form can be designed by hand, using a ruler and black pen, by typewriter or by
computer. The sheet of paper containing the form can then be photocopied to make as many
copies as are desired.

The advantage of this type of data form is:

* It will take less time to photocopy a data form than to copy it by hand onto each page of an
exercise book.

The disadvantages of this type of data form are:
* The pages are easier to damage or lose in the field, and

* A photocopy machine may not be available or more expensive to use, compared to exercise
books.

Exercise books

The design of a data form can also be written on the pages of a small standard-sized exercise book.
It is best if these books have squared (simple grid) paper because the vertical and horizontal lines
on the pages can be used to draw the columns and rows of the form. The exercise books should
also have a reasonably tough cover to protect the information inside.

The advantages of this type of data form are:

* Exercise books are usually easier to find in small towns and cheaper than a photocopy
machine, and

* Exercise books are more robust in the field, and less easy to lose than individual sheets of
paper.
The disadvantages of this type of data form are:
* It is time and labour intensive to prepare exercise books by hand.

An efficient way of preparing each exercise book by hand is described in Box 9.1.
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Box 9.1. Preparing an exercise book by hand

If you use this method, you will not have to rewrite the column headings
on each page. The steps to follow are (see Figure 9.1):

1. Open the exercise book in the middle, and cut away the top 3 centimetres
of the pages with scissors until only the outer sheet on both the left and
right hand sides is left uncut,

2. Draw the column lines on the first and last double pages of the book
with the use of a ruler and waterproof pen or pencil. Write the column
headings on the top of each column on the uncut outer sheet of paper,
and

3. Draw the column and row lines on the remaining pages with the use of
a ruler and pen or pencil.

[3]
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Figure 9.1. How to prepare an exercise book to be used for
recording data.

9.1.2. Design the data form

There are several principles involved in designing a good data form. A data form should be:
* Clear and simple to follow,
* Easy to fill in, involving as little writing as possible in the field,

* Compact enough to not be too cumbersome in the field, yet sufficiently large to allow all
the important information to be included without the writing being too small, and

* Easy to read later, in order to transfer the data to the compilation form.
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Begin by thinking about the information that you need to record in the field for your inventory.
Think about the data form layout that will make the recording of this information as easy as
possible. Data forms can range from simple to complex, depending upon how much information
is required. Examples representing the two extremes are provided below. They are:

* A simple tally form for counting plants but recording no further information, and

* A full data form for recording information on the plants and their environment.

Simple tally form
This simple data form can be found in Figure P 1 in Appendix P. It consists of:

* Abeading. This contains information about the area/forest type and/or working unit from
which the page’s data was collected, the team that collected the data, the date it was
collected, the inventory line the data was collected from and the bearing the team was
following along the inventory line. This information is important because it ensures that
the large amount of information collected during inventory fieldwork can be sorted and
stored in a systematic way.

* The remainder of the page. This contains information about the quantity of each resource
species in each subplot.

Full data form

This data form can be found in Figure P2 in Appendix P. It consists of three sections, each section
referring to a different level of information (these levels of information are separated so that
unnecessary repetition is eliminated).! The form is arranged as follows:

* Plot data. In the first section, all information is about the plot (there is one plot per
page). This section contains information about the area/forest type and/or working unit
the plot is in, the team that enumerated it, the date it was enumerated, the inventory line
it was on, the bearing in which the team was moving along the line, and the plot number
itself.

*  Subplot data. In the second section, one line of data represents one subplot. This section
contains information about the environment.

* Resource data. In the third section, one line of data represents each resource plant (if the
plant is not clumped) or shoot of the clump (if the plant is clumped). This section contains
information about the resource plants or shoots.

9.2. Prepare field reference sheets

You should also prepare field reference sheets to accompany the data form. Field reference
sheets help the inventory work teams to fill in the data forms correctly and consistently. They
might contain:

* Instructions for how to gather the information (i.e. how to make the measurement or
assessment),

* Instructions for filling in the data form, and
* Tables listing codes to write in the data form instead of writing words.

The remaining sections provide two examples of field reference sheets.

L Chapter 8 describes the environmental and resource information listed in this data form.
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9.2.1.

An example of field reference sheets for a simple tally form

This example of reference sheets is designed to accompany the simple tally form described earlier.?

Heading

Fill in the heading on every page. If the location, team, date or line changes, stop writing on this
page and begin a new page. Fill in the heading’s spaces as follows:

Area and forest type. If the inventory area has been divided into areas or forest types,
record the appropriate code for the area or forest type that the plot is in (see Table 9.1 for
codes for area and forest type).> There are spaces to record two codes, since a plot can be
in an area and a forest type at the same time.

Working Unit. If the inventory area has been divided into working units, record the
appropriate code for the working unit here.*

Team. Record the initials of every member of the inventory work team. There is space for
six sets of initials.

Date. Record the day, month and year that the data was collected.

Line number. Record the number of the inventory line that the plot is on. For reference,
the inventory lines drawn on the planning map should be numbered, and their numbers
displayed on the map.

Bearing. Record the bearing that the inventory work team is following in establishing the
inventory line.

Remainder of page

Fill the remainder of the page in so that every row represents one of the resource species found in
a subplot. Fill in the columns as follows:

Plot number. Record the number of the 10 metre by 50 metre plot here.’

Subplot letter. Record a letter denoting each of the five 10 metre by 10 metre subplots
within the plot here. The subplots are labelled, in order, a, b, ¢, d and e.

Species code. Record the appropriate code for the resource species (see Table 9.2 for
codes for resource species).

Number of plants (tally). Count the number of plants of the appropriate species that
occur within the subplot and record the counts as a running tally of ticks (i.e. ‘III").

Number of plants (sum). Record the sum of the tally here (i.e. ‘3’), either while in the field
or afterward. This will make it easier to add up totals later.

Notes. Record additional information here, such as information useful for mapping (e.g.
‘subplot line crossed stream: local name ‘Salak Stream”’).

2 Figure P1 in Appendix P provides an example of this type of data form.

> Chapter 3 (Objective 4) discusses subdivision of an inventory area into smaller areas or
forest types.

Chapter 7 discusses dividing the inventory area into working units. It also explains the

difference between smaller areas/forest types and working units.

> Chapter 1 (Example 1.8) explains bow plots and subplots are established along an
inventory line.
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9.2.2.

Table 9.1. Codes for area and forest type

Code Area or forest type Name of area or forest type
Al area Tebulo River watershed

A2 area Alango River watershed

A3 area Pujungan River watershed
A4 area Uli River watershed

FT1 forest type Old swidden rice fields

FT2 forest type Primary forest

Table 9.2. Codes and specifications for resource species
Code Species Specifications for including plants in count
DUR Durian tree All living trees of 30 cm dbh and above
MUM Mumpo bamboo All living, mature culms (‘mature’ being

defined as a culm of full height and suitable
for harvest)

SEK Seka rattan All living clumps with at least one mature
stem (‘mature’ being defined as a stem with
at least 4 metres of dry, bare stem)

An example of field reference sheets for a full data form

This example of reference sheets is designed to accompany the full data form described earlier.?

Plot data

Fill in the spaces for every plot as follows:

Area and forest type. If the inventory area has been divided into smaller areas or forest
types, record the appropriate code for the area or forest type that the plot is in (see Table
9.1 for codes for area and forest type). There is space to record two three letter codes,
since a plot can be in an area and a forest type at the same time.

Working unit. If the inventory area has been divided into working units, record the
appropriate code for the working unit here.

Team. Record the initials of every member of the inventory work team. There is space for
six three letter codes.

Date. Record the day, month and year that the data was collected.

Line number. Record the number of the inventory line that the plot is on. For reference,
the inventory lines drawn on the planning map should be numbered, and their numbers
displayed on the map.

Bearing. Record the bearing that the inventory work team is following in establishing the
inventory line.

¢ Figure P2 in Appendix P provides an example of this type of data form.
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Plot number. Record the number of the 10 metre x 50 metre plot here.

Notes. Record additional information here, such as information useful for mapping (e.g.
‘subplot line crossed stream: local name ‘Salak Stream”’).

Subplot data

Fill in this information for all five subplots:

Slope. Record the angle of the slope of the steepest direction of the plot, in degrees.
Aspect. Record the bearing of the slope, facing down the slope, in degrees.

Slope position code. Record the slope position number (1 to 5) here (see Figure 8.10).
Indicator species 1. Record the presence/absence of indicator species 1.

Indicator species 2. Record the presence/absence of indicator species 2.

Indicator species 3. Record the presence/absence of indicator species 3.

Site description code. Record site description codes here. There is space for three codes.
(see Table 8.4 for examples).

Resource data

Fill in this information for all plants or shoots (if plant is clumped):

Subplot letter. The subplots are labelled, in order, a, b, ¢, d and e.

Species code. (see Table 9.2 for examples)

Age class code. This space will be filled in later, based on the size class of the plant.
Sex code. Record the sex as ‘M’ if male, ‘F’ if female or ‘?’ if unknown.

Condition code. There is space for two condition codes (see Table 8.2 for examples).

Fill in the information below for the appropriate growth form for your particular plant or shoot (if
plant is clumped):

For trees. Diameter at breast beight. Record the tree’s diameter at breast height (dbh).
Only include trees with dbh of 30 cm or more.

For palms. Height. Record the palm's height to base of shoot. Only include palms with
heights of 3 metres or more.

For rattans. Clump number. Record the clump number here. The clumps should be
numbered in order, beginning at number 1 for each new plot. Only include clumps if
there is at least one mature stem. Each row represents one stem of a clump. Only record
the mature stems (i.e. with dry length of 4 or more metres).

For rattans. Ground length. Record the length of the mature stem from its base to the
point at which the above ground length begins.

For rattans. Above-ground length. Record the length of the stem from the base of the
shoot to the point at which the stem touches the ground, if it is pulled to be as vertical as
possible.

For bamboos. Clump number. Record the clump number here. The clumps should be
numbered in order, beginning at number 1 for each new plot. Only include clumps with
at least one mature culm. Only record the presence of all mature culms.

For climbers. Diameter at breast beight. Record the climber’s dbh here. Only include
those with a dbh of 5 cm or more.

For shrubs. Height. Record the shrub’s height here. Only include those shrubs with
height of 50 cm or more.

For herbs. % Cover. Record the percentage of the subplot area covered by this herb.
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Where to next

Now that you have prepared your data form and field reference sheets, you are almost finished
planning your inventory. The final step in inventory planning is to organise the logistics of the
work in the forest, as described in the next chapter.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
10.1. Assemble equipment and supplies to take to the forest,

10.2. Discuss and assign daily duties in the forest, and

10.3. Plan the schedule for the forest work.

Skills/information required

The skills or background information that you will require include:
* Appendix F. Five features of maps.

Materials required

* A planning map, pencil, ruler and notebook.

Introduction

Once the inventory team has located the inventory lines on the planning map, planned what
information to gather along these lines and planned how to gather this information, they are
almost ready to begin the work in the forest. The final planning step is to organise the logistics of
the work in the forest. This will include assembling the equipment and supplies to take to the
forest, discussing and assigning daily duties in the forest, and planning the schedule for the
forest work.
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10.1. Assemble equipment and supplies to take to the forest

Some of your equipment and supplies for the forest work have been brought from outside the
village, but some still need to be gathered in the village.! You need to assemble equipment and
supplies for the work itself. You also need to assemble equipment and supplies for setting up and
living in camps, if you are camping in the forest.

10.1.1. Equipment needed for the work in the forest

The equipment needed for the work in the forest will include equipment for:
*  Working on the inventory lines, and
* Taking botanical collections.

A list of the equipment needed for the work in the forest is provided in Box 10.1.

Box 10.1. Equipment for the work in the forest
Equipment for working on the inventory lines
From outside village:

* Compasses, diameter tapes, nylon rope, ribbon, thin nib permanent
ink pens, pencils, pencil sharpeners, erasers, squared exercise books or
data sheets with clipboard and folder, lined notebook, metre tapes
(optional, depending upon methods of plant measurement), rulers
(optional, depending upon methods of plant measurement), clinometers
(optional, depending upon methods of plant measurement) and
Geographical Positioning System or GPS (optional).

From village:

* Parangs, lunch containers, drinking water containers, raincoats or small
tarps in case of rain in the forest and small backpacks for carrying
equipment to and from the inventory line.

Equipment for collecting botanical specimens

* Photocopies of botanical collection forms, labels, rafia string, pencils,
pens, notebook, newspaper, cardboard, field press, methylated spirits
and strong plastic bags.

10.1.2. Equipment and supplies needed for camping in the forest

If you are camping in the forest you will need:

* Equipment for planning inventory work, preparing equipment and storing data in the
camp,

* Equipment for setting up and living in camp, and

* Supplies for living in camp.

L Chapter 5 discusses how to assemble equipment unavailable in the village, bow it is used,
and the quantities required for each inventory work team.
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A list of equipment and supplies needed for camping in the forest is provided in Box 10.2.

Box 10.2. Equipment and supplies for camping in the forest

Equipment for planning inventory work, preparing equipment and storing
data in the camp

* Lined notebooks, pens, pencils, pencil sharpener, folders for data sheets
(optional, only needed if data sheets are used instead of exercise books),
Brightly coloured electrical (sticky) tape (optional, for marking sighting
stick or height poles), metre tape, planning map, ruler and protractor.

Equipment for setting up and living in camp

* Parangs, tarpaulin for roof, rafia string, kerosene lamps, sleeping mats,
jerry cans, cooking pots and pans, plates, cups, forks, spoons, etc.

Supplies for living in camp

* Food and other consumable supplies such as kerosene, matches, candles,
soap, etc.

10.2. Discuss and assign daily duties in the forest

The duties that may need to be discussed by the inventory team in advance are:
* How many people will stay in camp each day and what their duties will be.
*  Who will be on each inventory work team, and

*  Who will be inventory work team leaders.

10.2.1. Camp duties

One or two people should remain in the camp each day while the rest of the team are working on
the inventory lines. Their responsibility is to cook for the rest of the team, maintain the camp, and
so on. Camp duties can be a welcome break from working in the forest so it is good if everyone
on the inventory team shares them on a rotational basis.

10.2.2. Inventory work team duties

Each of the inventory work teams should consist of seven people. This permits one person to
take a day off in camp. People should be divided amongst the teams so that there is a good
combination of skills on each team. These skills include the ability to use a compass, to identify
resource species and to record data.

The duties of the individual team members when working in the forest will be described later.?
Team members should rotate these work duties so that each person can be replaced if he or she
takes a day off in camp. Another advantage of rotating the duties is that people learn to do all of
the different tasks.

2 Chapter 13 describes how to conduct the inventory work.
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Every evening in the camp the inventory work teams should hold a meeting to:

* Discuss the completed day’s work (it is a good time to compare observations and share
ideas between different inventory teams),

* Examine the planning map and make plans for the next day’s work, including planning
how each team should get to the starting points and determining the compass bearing for
the inventory line,> and

* Decide who should remain in camp the next day.

10.2.3. Team leader’s duties

There should be a team leader on each inventory work team. At the end of each day, the team
leader’s responsibilities include:

* Checking that all the equipment has been returned and is ready for the next day’s work,
* Checking the data forms to see that all are complete and legible,

* Ensuring that the completed data forms (whether sheets or books) are safely stored in a
dry place, and

* Keeping daily notes which record, for each day:
a) Which team members were working that day,
b) Where they went (in what area or forest type, what inventory line, at what bearing),
¢) How many plots they completed,
d) How did they number the plots,
e) Problems encountered and possible solutions, and

f) Any other information of interest.

10.3. Plan the schedule for the forest work

The inventory team should plan the overall work schedule in advance of going to the forest.
However, this schedule must be flexible, as it is difficult to predict exactly how long a planned
amount of work will take.

The schedule needs to be planned at several levels, as there should be:

* Schedules for each working unit (if the inventory area has been divided into working
units), and

e An overall schedule for all work in the forest.

These levels are discussed below.

> Chapter 12 discusses bow to find the starting point on the inventory line.
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10.3.1. Working unit schedule

This section describes how to plan the schedule for each working unit, or for the inventory area as
a whole if it has not been divided into working units. This same type of planning can be used if
the area is to be 100% enumerated.* You should account for the following activities when plan-
ning the working unit schedule:

* Setting up and taking down camp,
* The inventory work,

* Checks of the inventory work, and
* Collecting botanical specimens.

These activities are discussed in turn below.

Planning the setting up and taking down of the camps

Before planning the schedule of a given working unit, you should determine how many camps, if
any, will be needed. Look at the working unit on the planning map:
* If the working unit is close to the village, there is no need for a camp.
* Ifit would take more than five hours to walk to the furthest point on an inventory line and
back from the village, you will need to have one camp (or more) in the working unit.
Place these camps inside the working unit such that there is never more than five hours of
total walking time a day.

The way to determine how much time it would take to walk a distance on the planning map is to
follow the steps below:

1. Locate the points that the team will want to walk between on the planning map (e.g. from
a proposed camp location to the furthest point on the furthest inventory line in the working
unit),

Measure the distance between these points on the planning map using a ruler,

Convert this distance from centimetres on the map to metres on the ground using the
scale of the map,’> and

4. Calculate how many hours it would take to walk the specified distance. To do this, use the
rule of thumb that it is possible to walk approximately 3-4 km an hour under easy conditions
(i.e. good path, flat terrain) and 1-2 km an hour under difficult conditions (i.e. no path,
steep terrain).

Once you have decided how many camps you will need to have in your working unit, you will
need to estimate how many days it will take to set up, move, and take down the camps in your
working unit. Usually a full day is needed to set up or move camp. A half-day is usually sufficient
for taking down camp and returning to the village.

4 Chapter 7 discusses whether to use 100% enumeration or sampling and whether and how
to divide a sampled inventory area into working units.

> Appendix F describes how to convert distances from the map to the ground using the
map’s scale.
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Planning the inventory work

This section will not be necessary for those doing 100% enumeration.® However, for those doing
sampling, you should plan the inventory work as follows:

1.

Begin by approximating the number of plots that can be completed by one team in a day.
If your inventory team has not yet done any work in the forest, use the following rules of
thumb based on the experiences of previous participatory inventories:

* 20 plots per team per day can be completed in hilly terrain, and

* 30 plots per team per day can be completed in flat terrain.

Later, after completing the first working unit, you will be able to determine more accurately

the average number of plots that can be completed per day by your inventory work teams.

Multiply the number of plots that can be completed by one team in one day by the length
of each plot (50 m), to get the length of inventory line, in metres, that can be completed in
one day. Convert this distance to the appropriate distance on the map using the scale of
the map.”

Your planning map should already display the inventory lines of each working unit. With
a ruler and pencil, divide each inventory line into units, each of which is the length of one
team day’s worth of work.

Assign these units of line to each team in whatever manner seems reasonable. Some of the
issues involved in assigning units include:

* Making sure that no team does an unfair proportion of the difficult work (on the other
hand, you may decide to form one particularly strong team to do the most difficult
work),

* Ensuring that the same team generally continues where they left off the previous day,
as it is easier for them to find the finish point of their own work the next day than to
find that of another team, and

* Planning so that on the last day there are as many ‘working ends’ of lines as there are
teams.

Planning the checks

Some of the plots that have been completed should be checked according to the following guide-

lines:®

On the second day of the inventory, checks should be done of all the first day’s work.
There should be more checks at the start of an inventory.

At least 10% of the plots should be checked, so for every ten days of work there will need
to be at least one day of checks.

At least some of the checks should be done on the last day of work in each of the working
units.

Chapter 7 describes how to calculate how many team days you will require for the 100%

enumeration.

Appendix F describes bow to convert distances from the map to the ground using the
map’s scale.

8 Chapter 14 explains why checks are scheduled in this way, and bow to make them.
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Planning the collection of botanical specimens

Any team should collect botanical specimens, if these are desired, when the opportunity presents
itself.® For example, they may take the specimens during the course of the inventory work. Or, it
may be apparent from looking at the planning map that the amount of inventory line to be com-
pleted will take only half a day of field work. In this case, the team could be asked to take collec-
tions on their way back to the camp. Another possibility is on the last day in the working unit,
when there may not be enough inventory work left for all teams; some team(s) could be assigned
to make botanical collections on that day.

Example 10.1 provides an example of how the work for three teams was arranged in one working
unit.

Example 10.1. Planning the working unit schedule

The inventory planners divided the inventory lines in one of their working
units into units of inventory line that one team should be able to finish in
one day (see Figure 10.1). The letters in Figure 10.1 stand for the three
teams doing the work, called teams A, B and C. The numbers after the
letters stand for the working days of each team, so that A1 signifies working
day 1 for team A. The units of line were divided in the following way:

* Day 1: All the teams were assigned units reasonably near the camp (see
Al, Bl and C1).

* Day 2: As this was the first working unit in the inventory, all of the teams
were assigned to check their work on the second day. It was assumed
that each team would have some time left over to do some additional
plots, although not a full day’s worth (see A2, B2 and C2).

* Days 3, 4, 5 and 6: The units of line were assigned to each team so that,
if possible, each team could return to the point where they stopped on
the previous day.

* Day 7: Only one unit of line has remained. This was assigned to team C
(see C7), and teams A and B were assigned to take botanical collections.

In the working unit displayed in Figure 10.1, there is one camp. Thus the
schedule should include two additional days to set up and take down camp,
making a total of nine days.

?  Chapter 15 explains why and how botanical specimens should be collected.
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Figure 10.1. Dividing an inventory area into working day units.

10.3.2. The overall schedule for work in the forest

The overall schedule for all the work that is done in the forest should include the following
activities:

*  One balf to one full day for training. A half to full day of training should be held on the
first available day in the forest.°

* The schedules for each working unit. This has been described in the previous section.

* Reassessment of cost and precision. After one week of inventory work, the inventory team
may want to reassess the data to determine whether the cost and precision objectives are
being met, if they are reasonably confident about making the calculations.'" This reassess-
ment may cause a revision of the location of inventory lines and the overall schedule.

* Days off. The inventory team should discuss if and when they would like to have days off.

Where to next

Now that you have organised the work in the forest, you are finished planning the inventory. You
are now ready to begin the inventory work itself. The first step of the inventory work is the
training of the inventory team. The next chapter describes ways of training the team in the con-
cepts and practice of inventory work.

10 Chapter 11 describes the training of the inventory work teams.

' Appendix D describes the reassessment of cost and precision.
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Objectives

After reading this chapter, you will be able to complete the following tasks:

11.1. Plan a training session for the inventory team,

11.2. Train the inventory team to use a compass,

11.3. Train the inventory team to number and establish the plots along the inventory line, and
11.4. Train the inventory team to enumerate the plants and record information on the data form.

Skills/information required

The skills or background information that you will require include:

* Chapter 13. Conduct the inventory work (this chapter describes the inventory work that
you are training the inventory team to do).

* Appendix H. Surveying techniques.
* Appendix K. Measuring plant size.

Materials required

* (Optional) Visual displays for training, as shown in Figures 11.2, 11.6, and 11.7.

* For each group of six people: A compass, a sighting stick marked with brightly coloured
electrician’s (sticky) tape, a parang, ribbon, thin nib permanent ink pens, a 10 metre nylon
rope, two 5 metre nylon ropes, a data book or a clipboard with data sheets, pencils, an
eraser, two diameter tapes (optional, depending upon method of plant measurement), a
metre tape (optional, depending upon method of plant measurement), a ruler (optional,
depending upon method of plant measurement) and a clinometer (optional, depending
upon method of plant measurement).

Introduction

Before beginning the inventory work, you will need to train the inventory team. Everybody in-
volved with the inventory work must train together to ensure that they will all do the work in the
same way later. It is important that everyone understands how to do the inventory work, and why
it should be done in this way. This chapter suggests some ways of teaching the inventory team
how and why to do the different tasks involved in inventory work. The skills involved include
using a compass, numbering and establishing the plots along the inventory line, enumerating the
plants and recording the data on the data form.
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11.1. Plan a training session for the inventory team

You (and other trainers) should prepare the training session in advance. You should begin by
planning who will be involved, where and when the training will take place and how the training
will be conducted.

11.1.1. Who will be involved

Everyone on the inventory team should attend the training session. Other villagers should be
allowed to attend as well, if interested. The people attending the training will all have skills useful
for doing the inventory work. However, some may be illiterate and unable to record data, whereas
others may not be able to identify the resource species or use a parang. Your aim should be to
teach everyone to do all the tasks, but at the same time you must recognise that some tasks may be
too challenging for some people.

11.1.2. Where the training will take place

The best location for the training is in the forest where you will be conducting the inventory. This
will ensure that the training is done under the same conditions as the inventory work. An alterna-
tive is to conduct the training in forest close to the village.

11.1.3. When to conduct the training

Ideally, the training session should take place just before the inventory team begins the inventory
work. As it can last for up to a full day, you might schedule it for:

* The day before you leave for the camp,

* The afternoon of the day you set up camp, or

* The morning of the first day of inventory work (possibly followed by half a day of inventory
work).

11.1.4. How the training will be conducted

You should begin planning the training by familiarising yourself with the tasks involved in inven-
tory work.! After this, think about how best to train the villagers in the concepts and methods
involved in each task.

There are a few general guidelines to conducting the training session:

* Make the training as interactive and informal as possible,

* Break up the training into small steps, each of which is discussed or practised briefly by
everyone before moving on to the next step,

* Form training groups which are as small as possible (however, you will be limited by the
number of available trainers and equipment),

* Encourage the villagers who learn more quickly to train the others (they can do the training
in the local language, and the other villagers may feel more comfortable learning from
them), and

* If it is obvious that the women feel inhibited from participating in the training, form a
separate women’s training group.

L Chapter 13 describes the tasks involved in inventory work.
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The remaining sections of this chapter contain suggestions for training the inventory team in the
different tasks of inventory work. You may or may not wish to use all of these ideas. You should
feel free to add your own ideas.

11.2. Train the inventory team to use a compass

11.2.1. Explain what a compass is and why we use it

What is a compass?

Show the training group a compass, and explain that compasses are instruments that show us
where North is. Place the compass on the ground and show the training group how the needle
continues to point in the same direction (i.e. north) no matter how much you rotate the compass
base plate. Place other compasses on the ground, with their base plates aligned towards different
orientations (see Figure 11.1). Show that all the needles are pointing in the same direction.

Figure 11.1. Even when compasses face in different directions, all
have magnetic needles pointing north.
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Why do we need to use a compass?

Draw a diagram that shows three people trying to walk straight, parallel lines in the forest. One
set of people are using compasses and the other set are not. This diagram could look like Figure
11.2, or it could be much simplified and drawn with a stick on the ground. With the diagram,
show that without a compass the lines may not be straight, but with a compass they should be.

Figure 11.2. If you follow a compass in the forest then you will be
more likely to be able to walk in a straight line in a
known direction.

To illustrate this, show the training group how to hold a compass.> Three people should stand in
a row, spaced approximately two metres apart. Each person should hold a compass with the
needle pointing towards the North. All three people should walk forward, following the direction
of the needle. If done correctly, they should walk in straight, parallel lines. These people should
give the compasses on to others so that everybody gets a chance to try.

¢ Appendix H describes how to hold a compass.
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11.2.2. Explain how to use a compass to walk in a chosen direction

Explain the four points of the compass

Place a compass on the ground and use it to place a stick or long thin cardboard strip on the
ground on a North-South axis (see Figure 11.3). Write the word ‘North’ on a cardboard square,
and put it at the end of the stick which is pointing North. Put another square at the South. If you
want, discuss what you would meet if you walked in North or South, in both the short and long
distance. Place another stick on the East-West axis, and place cards at East and West respectively.
Discuss again what would be found to the East and West.

Rt [T T e S
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Figure 11.3. Use two cardboard strips to represent the four points
of a compass. This can be used to explain compasses
to a larger number of people during a training
session.

Explain the degrees on a compass

Using the cardboard ‘compass’, explain that a compass has degrees in the same way that a clock
has minutes, except a compass has 360 degrees rather than 60 minutes. Show that just after
North is 1°, and count (briefly) around to 360° which is North. Write 360° in the earth with a stick.
Ask the training group if they can tell you what degree South is at. Prompt them by saying it is
halfway around the circle. After identifying South as 180°, ask them if they can tell you where East
is (halfway to South (180°), which is 90°) and where West is (halfway between South (180°) and
North (360°), which is 270°). Draw the degrees of S, E, W in the ground with a stick.
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How to determine the degrees (or bearing) of a direction which is not North,
South, East or West

Using a stick in the ground, draw a line from the centre of the cardboard ‘compass’ (i.e. the point
where the North - South and East - West cardboard axes meet) outwards, in a direction which is
not North, South, East or West. Place a real compass (with its dial turned so that ‘N’ is at the
indicator mark) in the centre of the cardboard ‘compass’ and use it to determine the bearing of
the line you have drawn (Figure 11.4). Repeat this exercise with a few more lines, and ask people

to read the bearings.
INOKTH

EAST

Figure 11.4. A compass can be used to determine the bearing from
one point to another

How to set a chosen bearing on the compass.

Show the training group how to turn the compass dial so that the chosen bearing is aligned with
the indicator mark. Then put the compass in the centre of the cardboard ‘compass’ and rotate the
real compass’ base plate until its needle is aligned with the orientation arrow on the base of the
compass. Show that now the sighting notch and the mirror are pointing at the chosen bearing,
and not North as before (Figure 11.5).
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NEST

Figure 11.5. Once you know the bearing in which you want to
move, rotate the compass dial until the desired
bearing is aligned with the indicator mark. Rotate the
compass base plate until its needle is aligned with the
orientation arrow on the base of the compass.

How to walk in a straight line towards a chosen bearing

Show the training group how to take a sighting in the chosen direction.> Everyone should
practise:
* Sighting on two objects at the same bearing (one near and one far) and walking towards
these objects, and

* Directing a person (standing 10 metres away and holding a sighting stick) to move right or
left until they are aligned with the chosen bearing.

11.2.3. Basic compass care

Explain that holding metal objects near a compass will affect the compass’ orientation. Illustrate
this by passing a parang, or other similar sized metal object, back and forth above the dial of the
compass. The needle will tremble and follow the parang slightly. Explain that people using the
compasses during the inventory work should not hold or wear a parang or any other metal object,
unless it is very small.

> Appendix H explains bow to take a sighting.
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11.3. Train the inventory team to establish the inventory line

11.3.1. How to measure horizontal distance

What is horizontal distance and why do we use it?
Explain what horizontal distance is and why the inventory lines are measured using it.*

A good way of illustrating the difference between horizontal distance and slope distance is to take
the training group to a hill with a slope (not too steep). One person should stand up the hill
holding the ends of two ten metre ropes at the same height from the ground, as illustrated in
Figure 11.6. Two people should stand down the hill from this person, each holding the end of
one rope. One of these two should hold the end of the rope at the same set height from the
ground as the other end of the rope. This person is measuring slope distance. The other person
should hold the end of the rope so that it is level with the other end of the rope. This person is
measuring horizontal distance. This example should make it clear to the training group that ten
metres of slope distance is a shorter horizontal distance than ten metres of horizontal distance,
and that the two distances can be very different from one another on steep slopes.

Figure 11.6. In this figure, rope a represents slope distance and
rope b represents horizontal distance. This exercise
shows the difference in horizontal distance between
two ropes of the same length.

How to measure horizontal distance

There are a number of methods for measuring horizontal distance.”> It is not necessary for the
inventory team to know all of these methods. Train them in the method you think is most
appropriate.

4 Appendix H explains what borizontal distance is and why we use it.

> Appendix H describes a number of options for measuring the bhorizontal distance.
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11.3.2. How to number and establish plots along the inventory line

Explain how the plots and subplots will look along the inventory line

This section will not be relevant for teams doing a 100% enumeration. If you are doing a 100%
enumeration, you should train the team to use the method described in Box 13.1. If, however,
you are doing sampling, you should begin by reviewing the concept of sampling, and by explain-
ing that the inventory team will be sampling the forest using plots.°

You should also review what a plot will look like in the forest if seen from above. You can draw a
diagram to illustrate this (see Figure 11.7). Explain that a plot is 50 metres long and 10 metres
wide, and that this width is divided into 5 metres to the left and 5 metres to the right of the central
line. Explain that because 50 metres is too long a distance to measure easily in the forest, the
length is divided into five subplots, each 10 metres in length.”

How to number plots along the inventory line

The ‘front person’ on the inventory work team marks the plots with numbered, tagged sticks. Use
the plot diagram to explain how to number the plots and subplots.?

How to establish plots along the inventory line (two team formations)

Explain how the ‘compass person’ and ‘rope person’ work together to establish the central inven-
tory line and the 10 metre subplot lengths along this line. Describe the two team formations used
to establish plots on flat and steep terrain.’

11.3.3. Practise numbering and establishing the plots along the inventory
line
The training group should now divide into groups of three. Each group of three should practise

numbering and establishing an inventory line for the length of at least five subplots. They should
try out both team formations.

After this practice session, the training group should meet again to discuss:

*  What to do when the inventory line reaches the boundary of the inventory area or the
boundary of a smaller area or forest type,'°

e  What to do when the line reaches an obstacle or an inaccessible area.'

¢ Chapter 1, Example 1.7 explains the concept of sampling.
7 Appendix I explains why this plot width and length are recommended.
8 Chapter 13 explains bow to number the plots along the inventory line.

®  Chapter 13 describes the two team formations for establishing plots along the inventory
line.

10 Chapter 13 explains what to do when the line reaches a boundary, obstacle or inaccessible
area.
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Figure 11.7. An example of a diagram which demonstrates how an
inventory line appears from above.

11.4. Train the inventory team to enumerate the plants and
record information on the data form

11.4.1. How to enumerate the plants

Describe what information is wanted on the plants and environment

List the resource species that are being enumerated (including the range of plants from that
species that are being included in the inventory, for example ‘all trees over 30 cm dbh’).

Explain, using the plot diagram (see Figure 11.7), how the two enumerators walk on either side of
the central inventory line, counting those plants that are within 5 metres of the line. Discuss how
to tell if a plant is in or out of a plot, and explain that it is important to do this as carefully as
possible, as this is a major source of inaccuracy.!' After this discussion, practice determining
whether a plant is in or out of the plot in the plot diagram. Move on to practice on real plants
near a practice inventory line.

- Chapter 13 explains how to tell if a plant is in or out of a plot.
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How to gather information on plants and environment

The inventory team should already have selected the type of information that they want to gather
about the plants and their environment.'* You will need to explain how the enumerators will be
doing this. Get people to practise gathering this information, especially if it involves measuring
or estimating plant size.”® Explain again that it is important to gather this information as carefully
as possible, to ensure accuracy. Ask members of the inventory team who are knowledgeable
about the resource species to provide other people with training in species identification.

11.4.2. How to record information on the data form

Show the training group an example of a data form (this form can be drawn on a large sheet of
paper for everyone to see during the training session). Discuss some guidelines for good data
recording.’* Explain why and how to write down plot information such as the area or forest type,
working unit, team, date, line number and bearing. Explain (if relevant) how to record informa-
tion about the plants and their environment.

11.4.3. Practise enumerating the plants and recording information
on the data form

Finally, divide the training group into groups of three again. One group of three should establish
an inventory line. The remaining groups of three should each enumerate the plants and record
the data, starting ten minutes apart along the same inventory line.

The groups of three should meet together after completing the first plot (five subplots). They
should compare data and discuss and check any differences. This gives the inventory team an-
other opportunity to make final decisions on what information they want and how they should
gather it. Next, the group that was establishing the line should switch tasks with another group of
three, and all groups should continue this exercise for another plot. Continue establishing and
enumerating plots until the differences between groups are gone. If necessary spend the rest of
the day working at this. This training must be done thoroughly, to eliminate differences between
teams, which can be a serious source of inaccuracy, and to determine what tasks can be done
properly by whom.

Where to next

Now that the team is trained, it is ready to begin the inventory work. This work begins with the
inventory teams finding the way to their starting points on the inventory lines. The next chapter
explains several ways for the inventory work teams to find their starting points.

12 Chapter 8 explains how the inventory team determined what information they wanted to
gatber.

3 Appendix K explains how to measure plant size.

Y Chapter 13 discusses guidelines for good data recording.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
12.1. Choose which of three methods to use to find the starting point,
12.2. Option 1. Find a starting point by walking from a reference point,

12.3. Option 2. Find a starting point by walking from an inventory line that has already been
completed, and

12.4. Option 3. Find a starting point by using Geographical Positioning System (GPS) equip-
ment.

Skills/information required

The skills or background information that you will require include:
* Appendix F. Five features of maps, and
* Appendix H. Surveying techniques.

Materials required

* Equipment required in the village or camp: Planning map, ruler, protractor, pencil and
notebook.

* Equipment required in the forest: Compass, 50 metre nylon rope, and GPS receiver (if
Option 3 is used).

Introduction

Your planning map should show the location of the inventory lines, whether in areas for 100%
enumeration (if any), or areas for sampling. The inventory work teams must now use this map to
locate their starting points, or the points at which they begin each day’s inventory work, in the
forest. There are three methods for locating a starting point on an inventory line. These are by
walking from a reference point, by walking from an inventory line that has already been com-
pleted, and by using GPS equipment. This chapter explains how to determine which method is
most suitable and how to use each method.
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12.1. Choose which method to use to find the starting point

There are two types of starting points: those for areas under 100% enumeration and those for
areas for sampling:

* Areas for 100% enumeration: The starting points for these areas will already have been
located and marked on the planning map.!

* Areas for sampling: All the inventory lines displayed on your planning map should already
have been divided into units that represent the work that one inventory work team can
complete in one day.> The beginning of each unit is the starting point for one day. There-
fore, if inventory lines are longer than one day’s worth of work they will contain more
than one starting point. Every time you begin a new inventory line, you must choose
which will be the first starting point on that line. Next you must choose which method to
use to find this starting point in the forest.

There are three ways for a team to find their way to either type of starting point. The descriptions
below should enable you to choose which method is most appropriate for your situation.

1. Walk a measured distance from a reference point on the planning map to the starting
point.®> This method is suitable when there is a reference point on the planning map that
can also be easily found in the forest, and when this reference point is nearer to the
starting point than an inventory line that has already been completed.

2. Walk a measured distance from an inventory line that bas already been completed to the
starting point. This method is more suitable than the first method when a suitable refer-
ence point on an inventory line that has already been completed is nearer to the starting
point than any available (and reliable) reference point on the planning map. This method
cannot be used for locating the first starting point in a working unit.

3. Locate the starting point using Geographic Positioning System (GPS) equipment. If there
is GPS equipment available, this might be a convenient method. However, it should only
be used when a place with suitable conditions for the equipment to take a clear reading
(i.e. when the machine can be pointed directly at the sky away from the cover of trees) is
closer to the starting point than any other available reference point.

12.2. Option 1. Find a starting point by walking from a
reference point

You should start by looking at the planning map in the camp or village. Select a reference point
on the planning map.®> A reference point on the map can be a river junction, a branch in the road,
or the point where a river crosses the road (see Figure 12.1). This reference point should be as
close as possible to the location of the starting point on the new inventory line.

L Chapter 7 explains how to locate the starting point for areas for 100% enumeration.

2 Chapter 10 explains bow to divide the inventory lines into one day units for areas for
sampling.

> Chapter 6 discusses the importance of having reference points on the planning map.
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Figure 12.1. There are usually a number of distinct points on a
map that can be easily located on the ground, these
are referred to as reference points.

You then calculate the distance and bearing from this reference point to the starting point on the
new inventory line. The way to do this is described in Box 12.1.

Box 12.1. Calculating the distance and bearing on the planning map

To calculate the distance and bearing on the planning map, you should
follow the steps below (see Figures 12.2, 12.3 and 12.4 for Options 1, 2 and
3, respectively)

1. Draw a straight line on the planning map, using a ruler and pencil,
which goes from a reference point (if Option 1), a point on a neigh-
bouring inventory line (if Option 2) or a point that can be found using
GPS (if Option 3) to the starting point on the inventory line.

2. Measure the distance between the two points on the map with the ruler,
and convert this distance on the map to the real distance on the ground
using the scale of the map.? Record this distance in a notebook.

3. Work out the bearing of this line using a compass or protractor.” Record
this bearing in a notebook.

4. Work out the bearing that the inventory team will be following along
the inventory line. Record this bearing in a notebook as well.

4 Appendix F explains bow to convert a distance on a map to a distance on the ground using
the scale of the map.

> Appendix H explains how to determine a bearing on the map.
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Figure 12.2. Finding a starting point from a reference point.

Once the distance and bearing from a reference point to the starting point is known, the inven-
tory work team is ready to follow this distance and bearing in the forest. The way to do this is
described in Box 12.2.

Box 12.2. Following a distance and bearing in the forest

The inventory team walks to a previously determined point in the forest. It
can be a reference point (Option 1), a point on a neighbouring inventory
line (Option 2) or a point that can be found using GPS (Option 3). When
the team reaches this point, they determine an exact point by marking a
tree or cutting a stick.

From this exact point the team walks the previously determined distance,
following a previously determined bearing.® A compass person follows the
bearing, walking in the front of the team with the end of a 50 metre nylon
rope tied around his or her waist (a nylon rope is best because it is less
likely to get caught or snagged in the undergrowth). After he or she has
walked 50 metres, another person on the team, who has stayed at the start-
ing point, should call out to the compass person. When this happens an-
other member of the team should cut a stick and place it at the 50 metre
point.

The compass person will then continue to follow the bearing for another
50 metres until a person remaining at the 50 metre mark calls out. This
procedure continues for every 50 metres until the total distance has been
covered, at which point the inventory team will have reached their starting
point on the new inventory line. They should now begin to establish the
inventory line, following the bearing (for the line) that was determined
from the planning map.

¢ Appendix H describes how to follow a compass bearing.
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12.3. Option 2. Find a starting point by walking from an
inventory line that has already been completed

As with the first method, the inventory work team begins by examining the planning map in the
camp or village. They should look at a completed inventory line which neighbours the new
inventory line and determine a point on this completed line which can act as a reference point,
such as a point where the inventory line crosses a river or a road (see Figure 12.3).
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Figure 12.3. Finding a starting point from an inventory line that
has already been completed.

The inventory work team should determine the distance and bearing from this point to the start-
ing point, as is described in Box 12.1. The team should follow this distance and bearing in the
forest. The way to do this is described in Box 12.2.

12.4. Option 3. Find a starting point by using
Geographic Positioning System equipment

When finding a starting point using a GPS receiver, you must have a planning map with an accu-
rate grid system (either latitude and longitude or UTM).”

A GPS receiver is an electronic instrument that receives signals sent from satellites. These satel-
lites provide information about the accurate location of the GPS receiver with respect to latitude

7 Appendix F explains the two types of grid reference.
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and longitude. This chapter will not explain how to use the GPS equipment, as different ma-
chines vary. Instructions should be included with the machine.

It can be difficult or else time consuming to take readings with a GPS receiver when under the
forest canopy, although this is changing as the technology improves. With older models, GPS
equipment can only locate the position of a point on a wide road (at least 7 metres wide), river
(with few overhanging trees), or cleared area (such as a swidden rice field).

Using a planning map, determine a point along a road, river or in a cleared area in the forest
which could act as a reference point for finding your starting point (see Figure 12.4). Using the
grid reference on the planning map, determine the exact co-ordinates of the road, river or clear
area. The inventory work team should determine the distance and bearing from this point to the
starting point, as is described in Box 12.1.

The inventory work team will then go to the road, river or clearing and move down it monitoring
the GPS display until they reach the point where the co-ordinates on the display are the same as
those determined in the village. They then walk the previously determined distance and bearing,
as explained in Box 12.2. This will bring them to their starting point for the day’s work.
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Figure 12.4. Finding a starting point using GPS equipment.
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Where to next

Once the inventory work team has arrived at their starting point, they can begin the inventory
work. The next chapter describes the different tasks involved in the inventory work, such as
numbering and establishing the plots along the inventory line, enumerating the plants and re-
cording the data in the data form.
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Objectives

After reading this chapter, the following people will be able to complete the following tasks:
13.1. Front person: clear the trail and number the plots along the inventory line,
13.2. Compass person and rope person: establish the plots along the inventory line,

13.3. Enumerators: enumerate the plants and gather information on plants and environment,
and

13.4. Recorder: record the information on a data form.

Skills/information required

The skills or background information that you will require include:
* Appendix H. Surveying Techniques.

Materials required

For each inventory work team:

* A compass, a sighting stick cut in the forest and marked with brightly coloured electrician’s
tape, a parang, ribbon (12.5 metres per day), one 10 metre nylon rope, two 5 metre nylon
ropes, thin nib permanent ink pens, pencils, erasers, data book or data sheets with clip-
board, two diameter tapes (optional, depending upon method of plant measurement),
metre tape (optional, depending upon method of plant measurement), ruler (optional,
depending upon method of plant measurement), clinometer (optional, depending upon
method of plant measurement or plot establishment), 3 metre height pole cut in the forest
and marked with brightly coloured electrician’s tape (optional, depending upon method
of plant measurement), lunch, drinking water, raincoats or small tarps in case of rain and
small packs for carrying the equipment.

Introduction

Now that the starting points of the inventory lines have been located, the inventory work team is
ready to begin the work of collecting inventory data along the inventory lines. This chapter de-
scribes the specific tasks of the six members of the team, who include:

* A front person, who clears the trail and numbers the plots along the inventory line,
* A compass person and rope person, who establish the plots along the inventory line,

* Two enumerators, who count the plants and gather information about the plants and envi-
ronment, and

* A recorder, who records the information on a data form.

These tasks are done in this way in all areas that are being sampled. There are some differences
for areas which are being 100% enumerated. Box 713.7 explains these differences.
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Box 13.1. Conducting the inventory work in areas for

100% enumeration

Counting every plant in a given area is not a complex task, however, it is
important to count the plants using a systematic method. This ensures that
plants are not missed or counted more than once. It is not advisable to
walk through an area of forest counting all plants of a particular resource in
a haphazard or unmethodical way.

One system for counting all the plants in a given area involves a team of six
people, with the same tasks as for a sampled area, described in the remain-
der of this chapter. The method used is as follows (see Figure 13.1):

1. The compass person, rope person and front person start from a marked

starting point and cut a line along a previously determined bearing'
until they reach the other edge of the area being enumerated. The
methods that they use to establish the line are the same as for a sampled
area. The enumerators and recording person walk to one side of the
line, counting and recording all the plants between the line and the
edge of the area being enumerated. As they count the plants the enu-
merators mark them in some way so that the plants will not be counted
twice.

. When the people establishing the line reach the other edge of the in-

ventory area they turn 90 degrees inwards, away from the edge that
their line has been following. Whether they turn to the left or right will
depend upon on the shape of the inventory area and the location of
the starting point on it. These people should establish a line in this
direction for 10 metres. The enumerators and recording person do not
enumerate and record during this step.

3. At this point the people establishing the line may be inside or outside

the boundary of the area. They should check where the boundary of
the area is, and turn 90 degrees to either the left or the right, whichever
brings them to face the boundary. These people then cut a line in this
direction until they reach the boundary. The enumerators and record-
ing person do not enumerate and record during this step.

. The people establishing the line now check whether they are facing in

the opposite direction of their original inventory line. If they are not,
they should turn so that they are. They now cut a second inventory line
across the area to the opposite edge. The enumerators and recording
person count and record all the plants between this inventory line and
the previous line, with the enumerators marking each of the plants
they have counted. Unlike for systematic strip sampling, both the
enumerators walk on the same side of the line.

1

Chapter 7 describes how to determine the orientation of the first inventory line and a
convenient starting point for the inventory work team.
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Figure 13.1. How to 100% enumerate all the plants of a certain
resource in an area. The numbers refer to the steps
outlined in Box 13.1.

13.1. Front person: clear the trail and number the plots along
the inventory line

A front person cuts the trail to ensure a clear path for the compass person, rope person and
recorder to follow. It is very important to have good visibility along the centre line. This person
also cuts small stakes and numbers them to mark each individual plot, using the numbering
system described below

Each inventory plot will have its own number (see Figure 13.2). Plots are typically numbered in
sequence, which means that the first plot in an inventory line will start at 1, the second will be 2
and go on to 3, 4 and so on. The five subplots within each plot are called a, b, ¢, d and e. Thus
each subplot will be written with a number that corresponds to the plot number and a letter
relating to the subplot (for instance 5a).

The sticks that mark these plots will begin with the starting point of ‘0’. The second stake will be
tagged ‘1a’, the third ‘1b’, and so on to ‘le’. The stake that follows this will be ‘2a’, and so on.

\

Figure 13.2. The numbering sequence of an inventory line uses
numbers to determine plots and letters (a, b, ¢, d and
e) to determine subplots.
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The numbering along an entire inventory line may not always be in sequence. For example, if
access to the line is by a river that runs halfway through it, two teams may start at this access point
and work in opposite directions along the same inventory line. Both will begin with plot 1a, and
their numbering will be the same but they will move off in opposite directions. If the same teams
or other teams continue either end of this line, they should continue the numbering of the plots
from where it left off. Having plots of the same number on the same line is confusing, but it is
difficult to avoid if two teams are working on the same line at the same time. Team leaders should
keep records of starting points, inventory line numbers and bearings, and plot numbers, so as to
minimise the likelihood of confusion.

13.2. Compass person and rope person: establish the plots
along the inventory line

A compass person determines the bearing of the inventory line using a compass. This person also
helps measure each subplot’s length in horizontal distance using a 10 metre nylon rope. The 10
metre nylon rope indicates the centre line of the plot. A rope person holds the other end of the
10 metre nylon rope to measure the subplot’s length in horizontal distance. This person may also
hold a sighting stick, depending upon which of two team formations (described below) is being
used to mark out the inventory line.

13.2.1. Two team formations for establishing plots along the inventory line

The compass person and the rope person can work together in two slightly different formations,
depending upon the terrain in which they are working:

* In areas where the terrain is flat, an inventory team will move faster if the compass person
is in front of the rope person (see Figure 13.3). This is because in flat areas it will be
possible for the compass person to sight an object 10 metres or more away and walk
directly to it.

* In areas where the terrain is steep, the rope person should be in front of the compass
person, holding the sighting stick for the compass person to sight on (see Figure 13.4). A
sighting stick is used because a steep slope often obscures most other objects from sight.

These two formations are described in more detail below.

Inventory team formation for flat terrain
The inventory team formation for flat terrain works as follows (see Figure 13.3):

1. The compass person takes the bearing from a marked starting point to an object 10 metres
or longer away.?

2. The compass person guides the front person along the bearing by telling the front person
to go left or right around any nearby obstacles. The front person clears the trail while
walking along the bearing.

3. The compass person walks towards the sighted object, with one end of the 10 metre rope
tied around his or her waist.

4. The rope person remains at the marked starting point, holding the 10 metre rope, which
slips through his or her hand as the compass person moves away. Once the full 10 metres
has been covered the rope person calls to the compass person to stop.

¢ Appendix H describes how to take a bearing with a compass.
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5. The compass person and the rope person measure 10 metres of horizontal distance.?

6. The front person meanwhile cuts a stake and tags it with ribbon. The number of the plot
and the letter of the subplot should be written on the tag. The front person places this
stake 10 metres horizontal distance from the starting point. This stake indicates the end of
one subplot and the beginning of another.

7. The compass person takes a new bearing and all steps are repeated as described above
(however, see Box 13.2 for a way of simplifying the compass person’s work). At the same
time, the rope person walks to the tagged stake, leaving the rope lying on the ground to
indicate the centre of the plot.

Figure 13.3. Inventory team formation on flat terrain, with the
compass person in front of the rope person.

Inventory team formation for steep terrain
The inventory team formation for steep terrain works as follows (see Figure 13.4):

1. The compass person takes the bearing from a marked starting point to an object 10 metres
or more away. If the slope is very steep (i.e. >45 degrees), it will be difficult to sight an
object 10 metres or more away. Instead, the team should use step chaining, where they
take the bearing several times over the length of a 10 metre subplot, in a series of smaller
steps.*

This step is the same as Step 2, above.

This time it is the rope person who follows the front person along the bearing instead of
the compass person. The rope person should carry one end of the 10 metre rope and an
easily visible sighting stick approximately 2 metres in length.

3 Appendix H explains how to measure horizontal distance.

*  Appendix H describes step chaining in more detail.
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4. The compass person lets the rope slip through his or her hands until the end of the rope
is reached. At this point the compass person calls to the rope person to stop. The com-
pass person then directs the rope person to move the sighting stick either to the left or
right until it is accurately positioned at the desired bearing.

5. This step is the same as Step 5, above.
6. This step is the same as Step 6, above.

7. The compass person walks to the tagged stake and begins to repeat all the steps described
above (however, see Box 13.2 for a way of simplifying the compass person’s work).

Figure 13.4. Inventory team formation on steep terrain, with the
compass person behind the rope person.

Box 13.2. A simpler method for establishing the plots along the line

Some people may not be very confident about using a compass, and may
spend a lot of time trying to take a good bearing. Or, they may begin to take
poor bearings once they become tired.

For both formations, it often works better if the compass person takes care-
ful bearings for the first few stakes only. Following this, the compass person
or rope person can place the remaining stakes by aligning them with the
previous stakes. Occasionally, if the team encounters an obstruction, the
compass person will have to use the compass to start the line again. If the
centre line has been cleared properly, and if the line has been established
correctly, then when the compass person or rope person sights back along
the line all the stakes should be lined up, as illustrated in Figure 13.5.
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Figure 13.5. When you sight back along the inventory line, the
stakes should be lined up like this.
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13.2.2. What to do when the inventory line reaches a boundary

The inventory line will eventually end at the inventory area boundary. The line may also cross
boundaries between areas or forest types. When a boundary is met, the team will have to decide
whether the plot that they are working on is more than halfway within the boundary or not:
* If more than half of the middle subplot (subplot c) is within the boundary, then the plot is
counted as being in.

* Ifless than half of the middle subplot (subplot c) is within the boundary, then the plot is
counted as being out. The first few subplots that may have been completed should be
disregarded.

13.2.3. What to do when the inventory line reaches an obstacle or an
inaccessible area

An inventory work team may come up against an obstacle (e.g. a large tree, a big rock, a cliff) or
inaccessible area (e.g. a swamp) that they will not be able to place an inventory line across. There
are two options, depending upon the obstacle or area:

* Side step the obstacle or area, if it can be stepped around, or

* Sight on a landmark on the other side to the obstacle or area and continue the line from
there. This option should be taken if the obstacle cannot easily be stepped around (i.e. if
it is a long cliff with very few pathways to get up or down it).

Both options are discussed below.
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Side stepping an obstacle or area

The inventory work team can make a side step by following the steps below (see Figure 13.0):

1.

The compass person takes a bearing at ninety degrees to the left or right of the inventory
line (i.e. at right angles to the inventory line).>

The rope person walks in the direction of the new bearing, holding the rope end and the
sighting stick. The distance of the side step (i.e. the distance that the rope person walks)
should be 5 metres, unless the obstacle is larger. The rope person places the sighting stick
at the appropriate distance (which should be in horizontal distance),® and waits for the
compass person to walk to it.

The inventory work team measures the next subplot length (or lengths) from this point,
using the same bearing and numbering sequence of the original line, until the obstacle
has been passed. The enumerators, however, should continue to enumerate the plants in
the original subplot area.

Once the obstacle has been passed the compass person will again take a compass bearing
at right angles to the inventory line but in the opposite direction. The compass person
and rope person should measure the same horizontal distance along this bearing as the
horizontal distance of the first side step away from the inventory line. This should bring
the inventory line back to its original course.

Figure 13.6. A side step is used to avoid obstacles such as large
trees or boulders, which lie in the path of the inven-
tory line.

> Appendix H explains how to calculate bearings that are at right angles to the compass bearing.

¢ Appendix H explains bow to measure horizontal distance.
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Sighting on a landmark beyond the obstacle or area

If an obstacle such as a long cliff cannot be side stepped, the compass person should sight along
the inventory line bearing to an obvious landmark on the top of the cliff, such as a tree or rock
(see Figure 13.7). The inventory team moves to this point by whatever route is possible and
continues the inventory line from there. The recorder should record this action on the data form
and try to estimate the horizontal distance of the line that has been missed, if any of it has been
missed. Information on the distance that has been missed will be important for mapping.
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Figure 13.7. If an obstacle such as a cliff blocks the inventory line,
the compass person should sight on a recognisable
feature on top of the cliff. The inventory line will
then continue from this feature.

13.2.4. What to do when the inventory line crosses an area excluded from
the inventory area

The villagers have already discussed what areas they want to include in the inventory area and
what areas they want to exclude.” Some of the excluded area, for example an area of swidden rice
fields, may occur as a patch inside the boundaries of the inventory area. Or, the boundary
between the included and excluded area may be very uneven, with an inventory line near the
boundary crossing over both areas several times.

7 Chapter 3 describes bow the villagers chose the inventory area, and the areas within it that

they wanted to exclude.
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If an inventory line crosses an area that has been excluded from the inventory area, the inventory
team should continue the line across this area in order to measure and record the distance that it
covers. However, the plots should not be numbered and the enumerators and recorders should
stop their activities. Once the line reaches the boundary of the inventory area on the other side of
the patch, the plots can be numbered from where they left off and the usual inventory work can
continue.

13.3. Enumerators: Enumerate the plants and gather
information on plants and environment

The two enumerators walk on either side of the central line, at a distance approximately half way
between the central line and the outer edge of the plot. They look for all resource plants that
have been chosen for inclusion in the inventory. When they encounter the appropriate plants,
they check whether the plants are inside or outside the plot. If the plants are inside the plot, the
enumerators count them, and, if required, gather other information about them. The enumera-
tors may also gather information about the environment. They call out all information that they
obtain to the recorder, who writes it on a data form.?

It is very important that the enumerators check all borderline plants very carefully. Carelessness
in checking whether a plant is in or out of a plot is a major source of inaccuracy in inventories.
This is especially true when using a method that does not actually stake out the boundary. In
order for a plant to lie within a plot, its centre point must be five metres either to the left or right
of the central line of the inventory plot. If a plant is close to the central line of plot there will be
no doubt about whether it lies within the plot or not. If a plant is close to the edge of the plot (i.e.
the five metre limit from the plot’s central line), the enumerators should use a five metre nylon
rope to check if the plant is inside the plot.

The guidelines below should be followed when checking whether a plant is in the plot or not:

* The measurement should be made using borizontal distance. The enumerators must
make sure to measure horizontal distance when there is a steep side slope. This is be-
cause a plant which is downslope from the central line may appear to be further away than
a plant which is upslope from the central line.®

* The distance should be measured at right angles to the central line (see Figure 13.8). If
the rope is not at right angles to the central line, a plant that is actually in the plot may be
measured as out. This concept of right angles is also useful if the enumerator is unsure
about which plot a plant is in.

8 Chapter 8 describes bow the inventory team determines the methods to use to gather this
information.

?  Appendix H describes how to measure bhorizontal distance.
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Figure 13.8. When measuring to see if a plant is within 5 metres of
the plot’s centre line make sure that the measurement
is taken at right angles to the centre line or else the
plant may appear to be outside the plot.

The plant should be measured at its centre point. A plant on the edge of the plot is inside
the plot if the centre point of the plant lies within the plot (see Figure 13.9). If the plant is
a tree, the centre point is approximately in the centre of the trunk. If it is a clump, the
enumerator must estimate where the approximate centre point of the clump is. With
rattans, whose long winding stems may grow quite far from the clump, the enumerator
must measure from the source of the stem (i.e. the centre point of the clump).
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Figure 13.9. When determining whether a plant lies in or out of a
plot, you must measure to the centre point of the
plant. This is true for all plants, whether a. a tree, b. a
clump, or c. a climbing palm.
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Sometimes there are few, if any, people who can identify all species. For example, it may be that
only men can identify timber species, and only women can identify species used for cooking. Or,
only some individuals in the village may have the ability to identify and find medicinal species.
Each inventory work team must have all of the specialists necessary to cover the range of species
that have been chosen for enumeration.

Resource species that are small in size (i.e. herbs, ferns, etc.) pose particular problems for enu-
merators. One problem is that if the majority of resource species included in the inventory are
large in size, those few that are small in size may often be overlooked. Another problem is that if
these small resource species are very numerous, it may take a great deal of time to count them all
in each 10 metre x 10 metre subplot. Some possible solutions include:

* Assigning one specialist enumerator the task of looking for the small plants, as described
above.

* Taking the time to count the small resource species carefully in every 25th subplot rather
than try to do so in all of the subplots in each plot.'°

13.4. Recorder: record the information on a data form

The recorder walks up the central line of the plot writing the information called out by the two
enumerators on the data form. The recorder should also talk to the enumerators, asking them for
information and reminding them of what they should be looking for. The recorder might also
gather and record information on the environment.

The recorder should follow the guidelines below for good data recording:

* Fill in the data form clearly, so that other people can read and understand it. Do not
crowd the data. Make sure to print, not write, the data.

* Write using a pencil. A pencil will not run under wet conditions, whereas many pens will
run if the page is wet.

* Never erase a number or write a number on top of another number. Instead, cross out the
wrong number by drawing one line through it and write the correct number above it.

* Fill in all sections of the data form completely, so that there are no missing data. If the

recorder leaves spaces to be filled in later he or she may make mistakes and fill them in
incorrectly.

Where to next

Care must be taken to do the inventory work properly, or the quality of the inventory data will be
poor. One way of monitoring the inventory work, and of improving it if necessary, is called
checking the inventory work. The next chapter will describe when and how to conduct these
checks.

10 Appendix L describes how to enumerate the youngest age classes of plants in every 25th
subplot. You can use the same procedure to enumerate plants that are small in size.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
14.1. Plan checks of the inventory work,

14.2. Conduct the checks, and

14.3. Assess the checks.

Skills/information required

e None

Materials required

For each checking team:

* A compass, a parang, one 10 metre nylon rope, two 5 metre nylon ropes, pencils, eras-
ers, data book or data sheets with clipboard, two diameter tapes (optional, depending
upon method of plant measurement), metre tape (optional, depending upon method of
plant measurement), ruler (optional, depending upon method of plant measurement),
clinometer (optional, depending upon method of plant measurement or plot establish-
ment), lunch, drinking water, raincoats or small tarps in case of rain and small packs for
carrying the equipment.

Introduction

Occasionally, each inventory work team should check some of their plots and compare the two
sets of data. This is called checking the inventory work.

Despite the best intentions, the accuracy of inventory data tends to drop over time, especially if
the team experiences fatigue, difficult terrain or bad weather. Checks can prevent this drop, as
teams that are aware that their plots might be checked often keep their quality higher than those
that are not. Checks can also give dropping accuracy levels a boost, as they provide the team
with a chance to assess the quality of their data and discuss how it can be improved. For these
reasons it is a standard procedure in all inventories to conduct checks; they are not done out of
a sense of mistrust.

This chapter discusses how to plan, conduct and assess checks of your inventory work.
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14.1. Plan checks of the inventory work

14.1.1. Set the check objectives

The inventory team as a whole should set the check objectives. This is done by setting the limit to
the number of errors or inaccuracies between two sets of data, that they can accept. The team will
need to define what constitutes an error and what does not, as well as the action to be taken if the
limit is exceeded. Example 14.1 describes the check limits set by the inventory team in one
village, and the actions they decided to take if limits were surpassed.

Example 14.1. Setting the check objectives

In one inventory, the inventory team as a whole agreed that there should
not be more than 1 error amongst every 10 items of data collected. They
defined errors as follows:

* An incorrect plot number,
* A compass bearing which is more than 15 degrees off,

* Ahorizontal distance between subplot stakes being inaccurate by 1 metre
or more,

* A plant that is counted by one team but not by another, and

* More than a 10 cm difference between measurements of diameter at
breast height.

The team decided that if the number of errors of a particular inventory
work team were higher than the limit that they had set, they would have to
have an additional half-day of training.

14.1.2. Schedule the checks

The inventory team should have scheduled time for checks when planning each working unit
schedule, according to the guidelines listed below:!

*  On the second day of the inventory, checks should be done of all of the first day’s work.
This will allow many of the sources of errors to be identified and improved at the start of
the inventory.

* There should be more checks towards the start of the inventory. As teams become more
experienced and accuracy starts to improve, there should be less need for checks.

* At least 10% of the plots should be checked, so for every ten days of work there will need
to be at least one day of checks. This level of checking is standard in inventories.

* At least some of the checks should be done on the last day of work in each of the working
units. Sections of line should be selected randomly for checking. Box 7.2 describes how
to make a truly random selection. At least some of the checks should be done on the last
day, so that all of the work has some chance of being checked.

L Chapter 10 discusses how to include the checks in the working unit schedules.
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14.2. Conduct the checks

It is best if a new and independent person joins the inventory work team to conduct the checks.
One way of doing this is to switch the inventory work team leaders around on check days. This
will have the added benefit of increasing consistency between inventory work teams.

The inventory work team members should not see the original data before they make their checks,
as this may influence their work. Only the inventory work team leader should hold the original
data.

When a check is made, the following could be remeasured:
* The numbering of subplots and plots,
* The horizontal distance between plot number sticks,
* The compass bearing between plot number sticks,
* The number of plants of each resource category, and

* The information gathered about the plants and environment.

When checking a plot, the path will already have been cleared and the plot number sticks will
have been cut, tagged and set in position. Thus, the roles of the team members can change
slightly. One formation is:

* Two people check the plot numbering, orientation and distance,
* Three people enumerate the plants in the plot, and
*  One person records the check data.

This arrangement should ensure extra care with enumeration. This is because three people are
more likely than two people to see all of the plants in the plot.

There are two options for data forms to use in checks:

1. Use the same data forms as are used for the inventory work. However, the recorder should
make sure to write ‘CHECK’ on the top of each page.

2. Design special data forms for recording check data. These should be similar to the original
data forms but might include:

* Space for recording plot number, orientation and distance,
* Space beside the check data for adding the original data later, and
* Space at the bottom of each page for a tally of errors and a tally of correct observations.

Immediately after checking a subplot, the inventory work team leader should look at the original
data and tell the rest of the team whether there have been any errors. This gives the team the
chance to determine the cause of the error, and confirm which of the sets of data is correct.

14.3. Assess the checks

Later, on the evening of the check day, members of the inventory team should compare the two
data sets and count and classify the errors. The entire inventory team should discuss these results
at the evening meeting.

When they set the inventory objectives, the inventory team should have set a limit to the number
of errors that could be made in a given check. If the number of errors found in a check are greater
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than this limit, then the inventory team will have to follow the predetermined action that was to
be taken if the limit was exceeded.

If desired, the check results can also be discussed in the final inventory report.? The report might
include a display of how many errors of each type have been made, so that readers of the report
can judge the quality of the data for themselves.

Where to next

As well as conducting and checking the inventory work, there is one additional and optional
activity for the inventory team to do in the forest. This is to collect botanical specimens of the
resources that have been included in the inventory. This step is described in the next chapter.

2 Chapter 18 discusses options for writing the final report.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
15.1. Collect the botanical specimens in the forest, and
15.2. Preserve the botanical specimens in the camp or village.

Skills/information required

The skills or background information that you will require can be found in:
* Appendix N. Botanical specimen forms

Materials required

* For collecting in the forest: Copies of the botanical specimen forms, metre tape, notebook,
pens, pencils, labels, rafia string, parang or knife, newspaper, rice sacks or plastic bags,
cardboard (optional) and field press (optional).

* For preserving in the camp or village: Parang or knife, newspaper, cardboard, field press,
methylated spirits, rafia string, tape and strong plastic bags.

Introduction

In addition to conducting and checking the inventory work, the inventory team may choose to
collect botanical specimens of the resource species that have been included in the inventory.
Botanical specimens are collections of a plant’s leaves and stems, and sometimes its flowers,
fruit, bark, wood and roots. A specimen is collected and preserved so that it can be taken to a
herbarium, a place that contains a large collection of botanical specimens. Here, the specimen
can be compared to other specimens, or shown to the people who work at the herbarium, in
order to identify the plant’s botanical name in Latin. The Latin name is recognised by people
around the world, unlike the local name, which may only be known to people in a few villages.

Knowing the Latin name of their plants will therefore greatly improve the village’s ability to com-
municate the information gathered from the inventory to outsiders. Another reason for identifying
and using the Latin name of a plant species is that one Latin name is always linked to one distinct
species, whereas with local names, some species do not have a local name, some local names
apply to more than one species, or more than one local name may be used for the same species.

At the same time, it will not always be necessary or advisable to collect botanical specimens for
every participatory inventory. If the results of the inventory are meant for the villagers alone, they
will not need to know the botanical names of the plants. Even when the results of the inventory
are meant for outsiders, it may not be necessary to take a botanical collection if the resource
species is widespread and its name in Indonesian is widely known (e.g. rambutan, durian or
langsat fruit trees). Also, villagers should be cautious about taking botanical collections of poten-
tially valuable medicinal plants, as outsiders may use this information for their own commercial
benefit.
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15.1. Collect the botanical specimens in the forest

15.1.1. Before collecting the botanical specimens

Consult with villagers

Before taking a botanical specimen, you must check whether someone owns the plant, and ask
permission from the owner. The plant you want to collect may be cultivated or managed, or have
social or cultural significance. Make sure all villagers agree that you may take the specimen.

Timing

It is best to collect botanical specimens when the plant is in flower or fruit. It is even worth
collecting dead flowering parts of the plant if there is no fresh material available. If a plant has
neither flower nor fruit, but only leaf, stem and root specimens it is referred to as a ‘sterile speci-
men’. This might be more difficult to identify in a herbarium because there is less information by

which to recognise the plant. You can collect vegetative material during one collection trip and
return later to the same plant to collect the fruit or flowers.

15.1.2. Writing notes in the field

Each botanical specimen should be complemented by some basic information. This information
can be written in a:

* Notebook. This should be robust (preferably hard bound) and pocket sized, or
* Botanical specimen form. Examples of these can be found in Appendix N.
For all specimens, information should include:
* The collector’s name (or names, if there is more than one collector),
* The date the collection was taken,
* The specimen’s collection number (this is explained more below in Section 15.1.4),
* The botanical (Latin) name. This can be filled in later if not known at the time of collection,

* The local name and other local information. Local information might include the meaning
of the local name, what the villagers use the plant for, what cultural significance the plant
has, and so on. It is a good idea to include the name of the informant so the information
may be checked later, if necessary,

* The location where the specimen was taken. This information should enable someone
else to return to the same area and should include the district, sub-district, nearest village,
and distance and direction from nearest village. If at all possible it should include the
latitude and longitude.

* Environmental information about the location. This might include the altitude, the forest
type, soil colour and composition, topography, whether the plant was exposed to sun or
shade, and what direction the slope was facing.

You should try to record all characteristics of a plant that might not be apparent in the preserved
specimen. You may find it easier to record some of this information by drawing a rough sketch of
the plant (e.g. trunk shape or leaf type). The information to record about each plant depends
upon whether it is a:

* Tree, climber, shrub and herb,
* Palm (including rattan), or

* Bamboo.
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The remainder of this section describes the information that is needed for each of the above
categories.

Writing notes for trees, climbers, shrubs and herbs

Figure N.1 shows an example of a botanical specimen form for trees, climbers, shrubs and herbs.
The information required for this form includes:

* A description of the plant’s general appearance. This includes whether it is a tree, shrub,
climber or herb, whether it is single stemmed or clumped, the shape of the trunk (if a tree),
the height and the diameter,

* A sketch of the plant’s general appearance, and
* A description of the plant’s parts, including:

* Outer and inner bark: colour, consistency and smell of the outer and inner bark, and
whether they change colour after being exposed to air,

* Sap or latex: colour, consistency and smell of the sap or latex, and whether it changes
colour after being exposed to air,

*  Wood: hardness, colour and the smell produced from a cut in the trunk,

* Leaftype: whether simple, compound pinnate or compound palmate (see Figure 15.1),
if compound a sketch of the pattern of the leaflets (this information will not be neces-
sary if a proper collection of the whole leaf is taken),

* Leaf: colour, consistency and smell (crush the leaves in your hands before smelling),
* Flower: colour and smell,

* Fruit: colour, consistency, smell and taste (check first with villagers that it is safe to
taste the fruit), and

* Roots (any special characteristics).

o .

Figure 15.1. Leaf types can be a) simple, b) compound pinnate,
and c¢) compound palmate.
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Writing notes for palms (including rattans)
Figure N.2 shows an example of a botanical specimen form for palms. The information required
includes:

* A description of the plant’s general appearance (whether a palm is single stemmed or
clumped, and if clumped whether the stems are close together or spread out), and

* A sketch of the general appearance of the plant, and
* A description of the plant’s parts, including:

* Stem: the height of the stem (length if a rattan stem), the internode length, and the
diameter of the stem (the diameter with and without leaf sheaths if a rattan stem) (see
Figure 15.2),

* Leaf: the petiole length and midrib length for pinnate leaves or the petiole length
alone for palmate leaves (see Figure 15.3),

* Leaflets: the number of leaflets on one side of the leaf and whether they are arranged
regularly or in groups (and if in groups, how many leaflets per group),

* Flowers/fruit: colour, smell and taste, and

* Roots: any distinctive characteristics.

Figure 15.2. When taking specimens of rattans you will need to
record: a) the internode length, b) the diameter of
the stem including the leaf sheaths, and c) the diam-
eter of the stem not including the leaf sheaths.



1 90 Section Il Inventory Work in the Forest

Figure 15.3. With pinnate palms you will need to measure and
record: a) the length of the petiole and b) the length
of the midrib. For palmate palms you will need to
measure: c) the length of the petiole alone, as there
is no midrib.

Writing notes for bamboo

Figure N.3 shows an example of a botanical form for bamboo. The information required includes:

A description of the clump, including whether the clump is solitary or one of many, and the
diameter of the clump,

A description of the largest accessible stem (called the culm), including the height of the
culm, the length and diameter of the fifth internode from the base of the culm (see Figure
15.4), and the length of the longest internode and its number from the base of the culm.

Figure 15.4. With bamboo you will need to measure and record:
a) the length and b) the diameter of the fifth
internode from the base of the culm, and
c) the length of the longest internode on the stem.
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15.1.3. Making botanical specimens

You should collect enough material to make two sets of each specimen. This is in case one set is
damaged, destroyed or given away.

Carefully remove the specimen from the plant using whatever cutting tools are available. Limit
the size of the specimen so that it can later be flattened in a standard sized piece of newspaper.
Tag the specimen immediately with a unique collection number (numbering and labelling will be
described later). Loosely wrap the specimen in newspaper and place it in a large rice sack or
plastic bag.

If the parts of the plant are delicate and likely to wilt before they can be preserved, use a field
press to take the collection. A field press consists of two lightweight boards containing paper
folders or pieces of newspaper (see Figure 15.5). After collecting the specimen, place it in the
field press and bind it tightly using string or straps. This will protect the collection from wilting.

1

Figure 15.5. If you are collecting plants which are likely to wilt
fast you will need to put the specimen into a field
press.

Making botanical specimens of trees, climbers, shrubs and herbs
The botanical specimen form for trees, climbers, shrubs and herbs (Figure N.1) contains a check-
list of plant parts to collect. These parts include leaves, stem, flowers, fruit and roots.

The specimens should try to represent all the most important and obvious features of a plant.
This includes:

* Collecting young, as well as older, leaves,

* Cutting a branch to represent as much of the branching pattern as is possible (see Figure
15.0),
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Figure 15.6. Specimens should try to represent different types of
branching pattern as clearly as possible.

* Detaching any flowers or fruits growing on the trunk or stem so that they are still attached
to a small area of bark, and

* Collecting a bark specimen from trees. A bark specimen is a chunk of wood cut from the
tree that contains the bark and wood (see Figure 15.7).

Figure 15.7. Using a parang or saw follow the incisions 1-5 to
take a good bark specimen.

Trees can be very difficult to collect from because the material needed for the collection is in the
canopy. This will mean that in order to take the collection:

* The tree may be climbed to collect a specimen leaf or fruit,

* A nearby tree may be climbed and a specimen may be collected from the tree under study,
if it can be reached,

* Specimens may be shot down with catapults or rocks or hooked down with 5-6 m saplings,
or

* The tree may be felled to collect a specimen.
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Making botanical specimens of palms (including rattans)

Palm leaves and stems are often bulky, and many palm stems are spiny, making it a challenge to
collect a botanical specimen. The botanical specimen form for palms (Figure N.2) contains a
checklist of plant parts to collect. These parts include:

* Stem. With small palms collect a length of stem. With large palms take a specimen of the
outer bark as if for a regular tree bark specimen.

* Leaf sheath. This is the part that wraps around the stem of the palm and attaches to the
base of the leaf (see Figure 15.8). Collect the whole leaf sheath if it is small enough to be
packaged in a standard sized piece of newspaper. If the leaf sheath is large, collect the base
and apex of the sheath. With rattans, take the leaf sheath specimen as a section of the stem.

Figure 15.8. For identifying palms it is useful to collect the leaf
sheath.

* Leaf. Collect the whole leaf if it is small. If the leaf is large collect representative segments
of the leaf as described below:

e Petiole. This is the stalk that attaches the leaf to the stem. If this is short collect the

whole petiole. If long collect portions that represent any change in form along its
length.

* For pinnate leaves (see Figure 15.3): Collect three sections of the leaf, all approxi-
mately the same size. These sections should be the apex or upper portion of the leaf,
the middle section, which reveals the size, shape and distribution of the leaflets, and
the base of the leaf, including its attachment to the stem (see Figure 15.9). The leaflets
can be removed from one side of the specimen.
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Figure 15.9. With pinnate palm leaves collect three sections of
the same size. These should be the: a. upper, b.
middle, and c. base sections of the leaf. The leaflets
can be removed from one side of the specimen.

* For palmate leaves (see Figure 15.3): Collect the hastula, or the tip of the petiole
where the leaflets are attached (see Figure 15.10). Keep some leaflets attached, al-
though the rest can be removed from the specimen.

Figure 15.10. With palmate leaves collect the: a) hastula, or the tip
of the petiole where the leaflets are attached, b) part
of the leaf stem, and c. the leaf sheath. You should
keep some leaflets attached to the hastula.
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* Climbing whip of rattans. This is called the cirrus if it grows from the end of a leaf or the
flagellum if it grows from the leaf sheath on the stem (see Figure 15.11). Collect it as part
of a leaf specimen (if it is a cirrus) or a leaf sheath specimen (if it is a flagellum). Coil the
whip into a bundle, and tie the bundle with string.

Figure 15.11. The climbing whip of rattans called the a) cirrus if it
grows from the end of a leaf, or b) flagellum if it
grows from the leaf sheath on the stem.

Inflorescence/Infructescence. This is a cluster of flowers or fruits that grows from the stem
(see Figure 15.12). Collect the whole inflorescence if it is not too large. Ifitis large, collect
the part where the inflorescence joins the stem, as well as other parts that represent any
change in form. Even a fallen, old or dried inflorescence can be useful.

Figure 15.12. The inflorescence or infructescence is the cluster of

flowers or fruit that grow from the leaf sheath of a
palm.
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Making botanical specimens of bamboos

It is often very difficult to collect fertile material because bamboos usually flower only once in
their lifetime after many years of growth. Because of this, ways of identifying the different types of
bamboo from the other parts of the plant have been developed. Therefore it is not essential to
collect bamboo specimens when they are in flower.

The botanical specimen form for bamboo (see Figure N.3) contains a checklist for plant parts to
collect. These include the:

* Culm nodes and internodes. The culm is the name for the stem of a bamboo. A node is the
bump between the sections of the bamboo. An internode is the length of stem between the
nodes (see Figure 15.13a and b). Collect a segment of mature culm including the fourth
and fifth nodes above ground which have the fifth internode between them.

Figure 15.13. The important identifying features of a bamboo
include a) the culm nodes, b) the culm internodes c)
the culm sheath, d) leafy twigs, e) the branch com-
plement, f) rhizome and g) seedlings (if available).

* Culm sheath. This is the papery covering found around the separate nodes on the culm of
the bamboo (Figure 15.13c). It is very important for the identification of bamboo. Collect
at least two of these sheaths, if possible from the fifth internode of two different culms. If
the sheath is brittle, wrap it in paper and put it somewhere protected. If a sheath is still
attached to the culm, collect the culm and sheath together as a single specimen.

* Leafy twigs. Collect a range of large and small leaves (Figure 15.13d).
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* Branch complement. This is the point where the branches which the leaves are attached to
join the culm (see Figure 15.13¢). Collect about 15 centimetres of the culm with the branch
complement still attached, if possible from the fifth internode of two different culms. If the
specimen is large, cut a branch 5 centimetres from the culm and discard the leaves. Split
the culm and discard the half not carrying the branch complement.

* Rbizome. This is the root of the bamboo (see Figure 15.13f).

15.1.4. Numbering and labelling the botanical specimens

Give each plant its own unique collection number. Seedlings should be given a separate collec-
tion number from the supposed parent plant, but there should be a cross-reference in the notes
pointing to the relationship between the two specimens. Write this number on a label and attach
the label to all the separate pieces of the plant that have been collected. Numbering specimens
ensures that collections of different plants do not become mixed and that any pieces of the plant
that might fall out of their sack or bag can be returned to their proper set.

The numbering system is best kept simple, as there is little benefit in making a complicated series
of numbers. It is important that the same number is not used more than once as this will lead to
confusion. In addition to numbers is it usual to include the collector’s (or village’s) initials on the
label (e.g. the Long Tebulo team might decide to label their specimens ‘LT 1’, ‘LT 2’, etc). The
numbers on the plant labels should be written in pencil or in ink which is not soluble in either
water or methylated spirits. Write the same number on the outside of the bag in which each
specimen is placed.

15.2. Preserve the botanical specimens

Fresh plant material will very quickly become wilted or mouldy in a humid climate. Thus, almost
all botanical specimens need to be preserved in some way. The two most common ways of pre-
serving specimens is to:

* Preserve the specimens in methylated spirits, or

* Press the specimens. These are described below.

15.2.1. Preserving the specimens in methylated spirits

The advantages of preserving specimens in methylated spirits are:
* The specimens will not become mouldy in humid conditions,
*  You will not need to dry the specimens until a later date, which will save time in the forest,

*  You require little equipment in the forest (only methylated spirits, newspaper, cardboard
supports and strong polythene bags), and

*  You can preserve plant specimens that are large or awkward in size or shape, such as bark,
palm or bamboo specimens. These specimens take a long time to dry, which can be incon-
venient in the forest.

The disadvantages of methylated spirits collection are:

* Specimens preserved in methylated spirits are heavy and bulky compared to pressed speci-
mens,

* Once dried, specimens become brittle and black or brownish in colour, and

* Flowers can lose their colour altogether.
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The way to preserve specimens in methylated spirits is to:

1. Cut the specimen with a pair of scissors or parang until it is a manageable size. Remember
to check that the numbered label attached to the specimen is written in pencil.

2. Wrap the specimen in newspaper. If there are thorns or spines use extra layers of newspa-
per.

3. Carefully place the wrapped specimen into a plastic bag. The bag should have no holes in
it and, if available, have a sealable mouth.
Pour in methylated spirits, so that the newspaper becomes damp.

5. Seal the bag swiftly by pressing out the air and closing the mouth of the bag. If sealable
bags are not available fold over the mouth of the bag several times and tape it shut. Write
the collection number on the outside of the bag.

6. Place this bag in a larger bag. Place cardboard supports between specimens or else they
may sag because of the weight of the spirit.

7. When it is time to dry the specimens, press and dry them as described below.

Palm specimens should be preserved in methylated spirits because they are usually very bulky and
it will take a long time to dry them in the field. However, they are difficult to preserve in methyl-
ated spirits because their spines can puncture the plastic bag in which the specimen is stored.
One way to preserve palm specimens in methylated spirits is described in Box 15.1.

Box 15.1. Preserving palm specimens in methylated spirits

With palms, begin by laying down four double thickness of newspaper flat-
tened out (see Figure 15.14). This becomes the wrapping for the finished
bundle. Begin with flat leaf fragments, placing them in double or single
folds of newspaper, and progress inwards to spiny or bulky fragments in
the middle (to prevent puncturing of the plastic bags), followed by less
bulky, flatter material at the top.

Tie the bundle up within the four folds of double thickness of newspaper.
Put this bundle into a plastic bag, douse it with methylated spirits, press
out the air before sealing the mouth of the bag with tape. It may be neces-
sary to make holes in the top end of the newspaper folds to allow methyl-
ated spirits to soak to the middle of the bundle. Put the whole package
inside a second plastic bag for safety. If well packaged and soaked in meth-
ylated spirits, the specimen can be preserved up to five months.
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Figure 15.14. In order to preserve rattans and other spiny palms you will
need to wrap the palms in several layers of newspaper
before storing the parcel in an airtight plastic bag.

15.2.2. Pressing the specimens

The advantages of pressing specimens are:
* Specimens are easily stored and transported when dry, and

* The specimens maintain their colours better and are not brittle as with methylated spirits
preserving.

The disadvantages of pressing specimens are:

* It is difficult to dry the specimens in the field because pressing requires a large amount of
equipment and is time consuming, and
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The way to press specimens is to:

1. Fold or cut the specimens so they can be flattened into a standard sized piece of newspaper
(see Figure 15.15). Box 15.2 explains what to do with specimens that are bulky, large or
too delicate. Arrange the specimens so that maximum information about the plant is dis-
played. The best time to arrange them is when the plants are still supple but not too fresh.
However, once the plant is dried it is very difficult to re-arrange them. Spread the leaves so
that they are not touching one another. Remove some leaves if there are too many. Turn
over at least one leaf to expose the under surface.

Figure 15.15. Large plant specimens will need to be folded or cut
so they can be flattened into a standard sized piece
of newspaper.

2. If specimens are sticky because they contain a resin or sap, dry them between pieces of
cloth and not newspaper.

3. Place the specimens between two ‘press ends’ while still inside the newspaper. These are
the rigid wooden ends that provide the structure of the press (see Figure 15.5). A number
of collections can be put between a pair of press ends.

4. Fill the press, alternating layers of specimens in newspaper and cardboard. The cardboard
will absorb moisture so the specimens dry faster. They will also help to dry the specimens
flat.

5. When the press is full, bind straps or string around the press and tighten them until the
press is compressed.

6. Place the press or presses in a vertical position above a fire or gas stove so that the speci-
mens can dry as quickly as possible. It is good if warm air can flow continuously through
the press.

7. Keep the presses tightly bound. If the straps or string slacken there is a chance that the
specimens might not dry flat inside the press.

Drying by this method can take any time from eighteen hours to four days. You should change
and dry the paper in the presses at least once a day, as otherwise the specimens may be attacked
by fungi.

Once they are dry, put all of the plant parts from one plant together in one newspaper page. Add
a copy of the botanical specimen form (or a sheet of paper with the same information recorded
on it) to each collection, so that all the information is now in one place. Store the newspaper
pages between cardboard in a flat, dry place. You may want to take or send these collections to a
herbarium at a later date.
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Box 15.2. Preserving difficult plant parts
Large fruits

If a fruit is large and fleshy it will be difficult to press in the standard way.
Cut the fruit in half and remove the flesh and tissue from the specimen.
Then, press this half. Fleshy parts may first be sterilised by dipping them in
boiling water, although this may change the colour. Another option is to
preserve and store the bulky specimen in a jar filled with spirit. Remember
to label these parts as you would for other plant parts.

Large leaves and stems

With large leaves or stems it might not possible or practical to present the
whole specimen as one piece. One option is to cut it into several parts,
each of which should be carefully labelled (see Figure 15.16). You can also
fold large leaves to fit them into a standard sized newspaper page.

Delicate flowers

Many short-lived flowers will disintegrate soon after collection and should
be either pressed or placed in spirits immediately. Sometimes the petals of
certain flowers will also stick to the paper in which they are being pressed.
Detach some flowers, spread the petals and press each in an individual fold
of tissue. Do not open this folder until the flowers are fully dry. Another
option is to preserve flowers in bottles of methylated spirits. These bottles
should be completely filled with methylated spirits because air bubbles in
the bottle may damage the flowers when the bottles are moved. Remember
to label.

Figure 15.16. Cut leaves or stems too large for a standard sized
piece of newspaper into several parts so they fit.

Where to next

After collecting the botanical specimens, the work in the forest is completed. The inventory team
should now return to the village to plan how to present the results. The first step in this final
stage of the inventory is preparing the final map. The way to make the final map is described in
the next chapter.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
16.1. Prepare the final base map,

16.2. Prepare the final map(s), and

16.3. Calculate the size of the inventory area and its subdivisions.

Skills/information required

The skills or background information that you will require can be found in:
* Appendix F. Five features of maps

Materials required

* A clean copy of the planning map which was not drawn on during the planning stage,
completed inventory data forms, ruler, protractor, pencils, erasers, pencil sharpeners,
transparent plastic sheets on which simple grid graph paper has been photocopied, thin
nib permanent pens, methylated spirits, a calculator, a notebook, black and coloured thin
nib permanent ink pens, correction fluid (Tippex) and a large sized piece of tracing paper
(optional).

Introduction

One important step in the final stage of the participatory inventory method is to make an im-
proved version of the planning map called the final base map. This map combines information
from the planning map with information that has been gathered while working along the inventory
lines. There are two reasons for making a final base map.

* To use it as a base for making different types of final maps. One type of final map is an
inventory methods map, which shows the inventory area, its subdivisions, and the sampling
design (i.e. the location of the inventory lines and possibly areas of 100% enumeration).
Another type is an inventory results map, which can be used to show the densities or
quantities of resources in different areas.

* To use it to calculate the size of the inventory area and its subdivisions (i.e. the smaller
areas and forest types within the inventory area). This is essential information for estimating
resource quantity.
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16.1. Prepare a final base map

A final base map provides an accurate base or skeleton to which additional information can be
added to make a final map or maps. This map should show the location of rivers, ridges, roads
and other immovable features. Some of this information will come from the original planning
map, some from information gathered from the inventory lines.

A final base map must show the location of the inventory area boundary (and its subdivisions) so
that you can calculate the size of the inventory area. The inventory area boundary (and sub-
division boundaries) may originally have been drawn very approximately on the planning map.'
Whether approximated or not, you should now check the original boundary using information
gathered from the inventory lines, and if necessary, draw the boundary more accurately.

The steps below will help you to make a final base map which combines information from the
planning map with information from the inventory lines:

1. Determine what version of the planning map is available to use,

2. Draw the completed inventory lines on the planning map,

3. Draw information from the inventory lines (i.e. information about boundaries, rivers, roads
and ridges) on the planning map,

4. Check the information from the inventory lines with the original information on the
planning map and make improvements to the map if necessary, and

5. Check final base map with villagers.

Each of these steps is described in more detail below.

16.1.1. Determine what version of the planning map is available to use

You will need to use the planning map to make the final base map. You will find it easier to use an
earlier version that has not been drawn on during the planning stages of the inventory (i.e. a
planning map without any inventory lines drawn on it). However, you may also use the marked
planning map, if this is the only version that you have.

16.1.2. Draw the completed inventory lines on the map

Draw each of the inventory lines that were actually established in the forest on the planning map
as follows:

1. Refer to the inventory data forms and the notes of the team leaders to calculate the length
of the inventory line in horizontal distance. The total number of plots established on the
line should be multiplied by the length of each plot (50 metres) to get the length of the
line. Many inventory lines will have been completed in two sections, whenever two teams
have gone to a starting point in the middle of the inventory line and worked in opposite
directions. If so, calculate the lengths of both sections.

2. Convert this length, or possibly two lengths, from metres on the ground to centimetres on
the map using the map’s scale.?

3. Using a pencil, mark the starting point of the inventory line on the planning map.

1 Chapter 6 describes drawing the approximate location of the inventory area boundary.

2 Appendix F explains how to convert distances using the map’s scale.
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4. Using a protractor, ruler and pencil, draw a straight line on the planning map that passes
through the starting point and follows the bearing of the inventory line. This line will
represent the inventory line.

5. Using aruler and pencil, measure and mark the length of the inventory line on the planning
map. The length of the line, or possibly the lengths of the two sections of the line, should
be measured from the starting point.

The steps described above are illustrated in Example 16.1.

Example 16.1. Drawing an actual inventory line on the planning
map

Members of an inventory team examined their inventory data forms and
determined that:

* 22 plots were established at a bearing of 260° from the starting point of
one inventory line, and

* 5 plots were initially established at a bearing of 80° (in the opposite
direction). The line then crossed an area of swidden rice fields (this
area had been excluded from the inventory area) for a distance of 450
metres, followed by another 21 plots.

The inventory team calculated the lengths of these two sections of line.
These lengths were:

* 1100 metres (22 x 50 = 1100) for the line with the bearing of 260°, and

* 1750 metres ((5 x 50) + 450 + (21 x 50) = 1750) for the line with the
bearing of 80°.

The scale of the planning map was 1:25 000. Therefore, the lengths on the
map of the two segments were:

* 4.4 centimetres (1100/250 = 4.4), and
* 7.0 centimetres (1750/250 = 7.0).

These were measured on the map from the starting point, at the appropriate
bearings (see Figure 16.1).
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Figure 16.1. Drawing information from the inventory work in the forest
onto a final map.

16.1.3. Draw information from the inventory lines on the map

Mark the following information in pencil at the appropriate points along each inventory line:
* The location of the inventory area boundary at the two end points of the inventory line,

* The points where other boundaries cross the inventory line. These boundaries might be
of smaller areas, forest types or areas that were excluded from the inventory, and

* The points where ridges, rivers, roads and features of importance cross the inventory line.
The steps to follow in marking this information on the map are as follows:

1. Refer to the inventory data forms to find out the plot number and subplot letter at which
the inventory line crosses the boundary or feature,

Calculate the distance in metres from the starting point to this subplot,

Convert this distance from metres on the ground to centimetres on the map using the
scale of the map, and

4. Measure and mark this distance on the inventory line on the map.

The steps described above are illustrated in Example 10.2.
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Example 16.2. Drawing information from the inventory lines on
the map

In the working unit in Example 16.1, a subdivision boundary between
secondary forest and primary forest was recorded at:

* Subplot 7c on the first line segment, and
* Subplot 13e on the second line segment.

The inventory team members calculated the distance of these points from
the starting point as follows:

* Subplot 8c is 38 subplots from the starting point. This number of
subplots is multiplied by the length of each subplot (10 metres) to get a
distance from the starting point of 380 metres (38 x 10 = 380).

* Subplot 13e is 65 subplots from the starting point. 65 subplots is
multiplied by 10 metres to get a distance of 650 metres, to which the
450 metres that was walked through by the inventory team is added to
get a total distance of 1100 metres ((65 x 10) + 450 = 1100).

When converted to centimetres on the map, the locations of the subdivision
boundary were found to be:

* 1.5 centimetres (380/250 = 1.5), and
* 4.4 centimetres (1100/250 = 4.4) from the starting point.

These locations were measured and marked on the map (see Figure 16.1).

16.1.4. Check the information from the inventory lines with the original
information on the planning map and make improvements to map,
if necessary

Compare the points marking where the boundaries and other features were found on the inven-
tory lines to the same features originally drawn on the planning map. If there are large differ-
ences between the two sets of information, judge for yourself which is more reliable. Remember
that there is potential for error in both the information gathered on the inventory lines and that
found on the original planning map.

If you think the data from the inventory lines is more reliable, then use it to improve your map.
The data will give you a series of points on the inventory lines representing the locations where
any given boundary or feature crosses the lines (see Figure 16.2). Join these points together to
build up a picture of the location of the boundary and other features on the map. The boundary
or feature may not be very straight between these points, especially if the distance between inven-
tory lines is large. The shape of the boundary or feature between these points can be more
accurately approximated by using its shape on the villagers’ sketch maps as a guide, or by asking
villagers to draw it.

Remove inaccurate information from the planning map using correction fluid (Tippex), and pro-
duce a final base map by photocopying this corrected map. Alternatively, trace the information
that you want from the planning map to a final base map, leaving the inaccurate information
behind. Tracing is recommended if you are working from a much used and marked version of the
planning map.
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Figure 16.2. Points along the inventory line representing the locations
of a given boundary or feature can be joined together to
build up a picture of the boundary throughout the map

16.1.5. Check final base map with villagers

Once you have produced the final base map, show it to a number of villagers with a good knowl-
edge of the inventory area. These people should make a final check of the locations of bounda-
ries, ridges, rivers and roads.

16.2. Prepare the final map(s)

The final base map can be used to make several different types of final maps. These include:
* An inventory methods map, and
* An inventory results map.

The different types of final maps are described below.

16.2.1. Inventory methods map

An inventory methods map is a map that illustrates the sampling design chosen for the inventory
(see Figure 16.3). It is useful to have this type of map if the methods used in the inventory need
to be explained to villagers or outsiders.
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Figure 16.3. An inventory methods map illustrates the sampling design
chosen for the inventory.

This type of map includes information about:
* The location, length and number of the inventory lines in the sampled area,
* The boundary of the inventory area, and

* The boundaries of all subdivisions within the inventory area (i.e. the different forest types
and areas).

The inventory lines and all the relevant boundaries should already have been drawn on the map
in pencil when preparing the final base map. Draw the lines again in ink and give them a number
on the map that corresponds to their number in the field. For visual presentation, highlight
different boundaries using different symbols and colours.

The inventory methods map should be finished as described in Box 16.1.

Box 16.1. Finishing touches for a final map

The final map may have other information added to it, if the villagers want.
This information could be about different land uses (i.e. swidden rice fields,
rubber plantations, gardens), sites of cultural significance (i.e. abandoned
village sites, old graveyards), or other features chosen by the villagers.

As with all scale maps, the final map should include a:

* Scale,
* Symbol depicting North,

* Grid reference (this will not be possible if the map was made by ground
surveying),

* Legend, and
* Date.
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A final map which is likely to be presented to outsiders should also have a:

* Title, indicating the location of the area shown and the subject of the
map (e.g. ‘Forest resources map of Pohon Besar village’), and

* Description of all sources for the map (i.e. all sketch or scale maps,
aerial photographs or radar images used to make the map). This should
be written in small letters in the margin of the map. Provide all
information necessary to locate the sources of the map (e.g. the title,
index number, date and the department or organisation that made the
map, photograph or image).

16.2.2. Inventory results map

The inventory results map, also called a forest resources map, provides a visual illustration of
different densities or quantities of forest resources in different forest areas (see Figure 16.4). A
forest resource map is a useful way of explaining the inventory results to villagers who may not be
comfortable with data that is displayed as numbers in tables. It is mainly relevant in inventories
where the purpose of the inventory involves comparing resource density or quantity between
smaller areas.
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Figure 16.4. An inventory results map, also called a forest resources
map, provides a visual illustration of different densities or
quantities of forest resources in different forest areas.

You will have to state very clearly whether the map is depicting the density of each resource in
each area (i.e. the number of plants per hectare in each area), or the absolute quantity of each
resource in each area (i.e. the total number of plants estimated for the area). Choosing between
density and quantity will depend upon the purpose of the inventory.

A simple way of showing the relative density or quantity of a given resource in each area is to:

1. Design a symbol for a given resource (villagers usually design very appropriate symbols
for their resources),
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2. Rank the areas according to the relative densities (or quantities) of the resource. If two
areas are very similar in density (or quantity) you may give them the same ranking.’

3. Assign one symbol to the resource with the lowest density (or quantity), two symbols to
the resource with the next lowest density (or quantity) and so on. If no resources were
detected in an area and if the villagers also say that that resource is never found in the
area, do not give it any symbols at all.

4. Draw the appropriate number of symbols in each area.

If you have a lot of resources, the map may become cluttered. You may choose to make several
copies of your final base map and draw different resources (or groups of resources) on each copy.

The inventory results map or maps should be finished as described in Box 16.1.

16.3. Calculate the size of the inventory area and its
subdivisions from the final base map

Now that you have completed the final base map, you should be able to calculate the size of the
inventory area and its subdivisions more accurately than when you were planning the inventory.
Calculate the size of an area using the same method as was used to calculate the size of the
working units on the planning map.* Record the sizes of the areas in a notebook, as you will be
using this information to calculate resource quantities. However, if you have some reason to
doubt the accuracy of any of your estimates of size, you should be careful about using them to
estimate resource quantity, as the same doubt must be applied to the estimates of quantity.

Where to next

You now have your final inventory map or maps. You also know the size of your inventory area,
and if needed, of the subdivisions within it. You can use this information on the size of these
area(s), plus the inventory data which you collected in the forest, to calculate resource density
and quantity. The next chapter describes the process of compiling data and making calculations.

3 Chapter 17 describes bow the inventory team calculates the density and quantity of the
resources.

4 Chapter 7 (Section 7.3.3) describes bow to calculate the size of an area on a map.
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Objectives

After reading this chapter, you will be able to complete the following tasks:
17.1. Compile the inventory data, and

17.2. Calculate the density and quantity of the forest resources, as well as their precision, if
desired.

Skills/information required

The skills or background that you will require can be found in:
* Appendix J. The student’s t table and how to use it
* Appendix O. Compilation and calculation forms

Materials required

* Copies of the compilation form and calculation forms, calculator, pencil and notebook.

Introduction

Once you have calculated the size of the inventory area or the smaller areas within it, you are
ready to compile, or sort, the inventory data and calculate the inventory results. The main results
of an inventory are the density and quantity of the chosen forest resources:

* The density describes the average number of plants in one hectare of a given area. The
densities of a resource in different areas can be used to compare these areas, amongst
other uses.

* The quantity describes the total number of plants in a given area. The quantity of a

resource in an area can be used to estimate the economic value of the area, amongst
other uses.

Estimates of density and quantity often are presented with their estimated precision' (e.g. a
density of 4 plants per hectare may be written with its precision, =1 plant per hectare). However,
calculating the precision is more complicated than calculating density and quantity, and for this
reason it is optional, although recommended. This chapter describes how to obtain estimates of
density and quantity, and their precisions, if desired.

' Box 3.3 in Chapter 3 defines the precision in more detail.
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17.1. Compile the inventory data

Compiling data involves transferring the inventory data gathered in the forest from data forms to
compilation forms.? The compilation forms will sort and arrange the data, making it easier to
calculate resource density and quantity.
The upper and lower portions of a compilation form are displayed in Figure 17.1, below. This
form may be photocopied and used directly, or it may provide ideas for designing your own
compilation form.
There are three steps involved in filling in the compilation form:

* Filling in the first row,

* Filling in the middle fifty rows, and

* Filling in the final two rows.

Each are described below.

Area and Forest Type: Resource Resource Resource Resource Resource
Tebulo watershed Category 1: Category 2: Category 3: Category 4: Category 5:
Primary forest durian trees durian trees durian trees | all durian trees
Page 1 of 6 <10 cm dbh 10-29 cm dbbh | >30 cm dbb
Team Date Line Plot No. of No. of No. of No. of No. of
plants plants plants plants plants
® | 6 Gy | | | (y’)
A 121/7/97 1 1 2 1 1 4
2 2 0 0 2
3 1 1 0 2
4 5 0 1 6
5 0 1 0 1
| | 50 | 3 2 1 6
Total for page 27 12 8 47
Total for area or forest type

Figure 17.1. Example of the upper and lower parts of a compilation
form (data have been included as an example).

17.1.1. Filling in the first row

Area and forest type

If the inventory area is not subdivided, it will not be necessary to fill in the space for area and
forest type provided in the upper left corner of the form. However, if the inventory area has been
subdivided, each subdivision must have its own clearly marked page or set of pages. In this case,

2 Appendix O provides an example of a compilation form.
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the name of the subdivision (whether area, forest type or both) should be written on each page in
the space provided. A new page must be begun for data coming from a new subdivision.

Page of

You will only need one page of this form if there are five or fewer resource categories in the
inventory and fifty or fewer plots in the area or forest type. However, if this is not the case, more
than one page will be required. This space informs the reader of what place this page takes in the
total set of pages.

Resource categories 1-5
To start, decide whether you want to:

* Combine together all of the plants counted for this resource and calculate one set of
results for the resource, or

* Divide these plants into a number of age, size, sex or condition categories and calculate a
set of results for each resource category, and for a total for all resource categories, if de-
sired.

If you want to calculate one set of results for a resource, write the resource name in one of the
spaces provided. Alternatively, if you want to calculate sets of results for a number of categories of
a resource, write the resource name and the category in the spaces provided. You may also want
to assign a space for a total for all these resource categories.

For example, in Figure 17.1 four resource categories have been chosen. Three are size categories
(i.e. durian trees <10 cm dbh, 10-29 cm dbh, >30 cm dbh) and the fourth is a total of the three
categories (i.e. all durian trees).

This form has enough columns for five resource categories. Additional pages will be needed if
there are more than five resource categories.

17.1.2. Filling in the middle fifty rows

In the central part of the compilation form, each row is for writing information about one plot.
Fill the columns in for each row, or plot, as follows:

Team, date, line and plot
The first four columns are for recording:
* The name of the inventory team that recorded the plot data,
* The date on which the plot data was recorded,
* The number of the inventory line in which the plot occurred, and

* The number of the plot from which the data was recorded.

No. of plants (y)

The ‘number of plants’ columns are for recording, for each resource category, the total number of
plants that occur in each plot. This value is symbolised by a ‘y’. Calculate the plot totals for each
resource category by totalling the data from each of the five subplots that comprise a plot. Write
these plot totals in the appropriate spaces in the compilation form. Ask someone else to double
check these plot totals and show that the second check has been made by writing a check-mark
next to the plot totals.
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No. of plants squared (y?)

The ‘number of plants squared’ columns are for recording, for each resource category, the total
number of plants that occur in each plot, multiplied by itself, or squared. This value is symbolised
by a ‘y*’. You will only need to fill in these columns if you have decided to calculate the precision
of your estimates. To square a value, multiply it by itself. For example, to square the number 3, a
calculation that is usually written as ‘3%, multiply 3 by 3 to obtain the answer of 9. An easy way of
doing this is by using a calculator. Press the ‘3’ button on the calculator, then press the ‘x*
button. When you do this, the number ‘9’ should appear on the calculator’s screen. Ask some-
one else to double check these squared numbers and show that the second check has been made
by writing a check-mark next to the numbers.

17.1.3. Filling in the final two rows

Total for page

The spaces in the ‘total for page’ row are for recording, for each resource category, the totals for
all the number of plants (y) or squared number of plants (y?) which have been recorded on the
page. Add together the plot totals that have been written on the page. If you are calculating the
precision add together the squared plot totals as well. Write the page totals in the appropriate
spaces in the row. Ask someone else to double check these page totals and show that the second
check has been made by writing a check-mark next to the page totals.

Total for area or forest type

The ‘total for area or forest type’ row is only filled in on the final page of a set of pages for a
particular area or forest type. The spaces in this row are for recording, for each resource category,
the totals for the number of plants (y) or squared number of plants (y*) from this and previous
pages in the set of pages. Add together the page totals (i.e. all the values in the row above this
row) and write the result in the appropriate space. Ask someone else to double check these area
or forest type totals and show that the second check has been made by writing a check-mark next
to the totals.

17.2. Calculate the density and quantity of the forest resources,
as well as their precision, if desired

This section explains how to use the compiled inventory data to estimate the density and quantity
of a resource in a given area, and if desired, to calculate the precision of these estimates. If the
inventory area has been subdivided into smaller areas or forest types, and if the villagers want to
calculate the density and quantity (and their precisions, if desired) for each smaller area or forest
type, then repeat the calculations described below for each smaller area or forest type.
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17.2.1. How to use the calculation forms

There are standard procedures for making calculations, involving the use of calculation forms.?
The calculation forms provide a framework for recording the steps of the calculations. Even if you
do not use a form it is a good idea to write all the steps of the calculations in an exercise book.
Below are some guidelines for using the calculation forms:

* Decide whether you will be calculating the precision or not. Calculation Form 1 in Appen-
dix O describes how to estimate the density and quantity without calculating their precisions.
Calculation Form 2 describes how to calculate density and quantity with their precisions.

* Photocopy the calculation forms, if possible, before going to the village, so that they can
be written on. The number of pages that will be needed for one particular inventory can
be calculated as follows:

* The number of resource categories, multiplied by
* The number of smaller areas within the inventory area (if there are any), multiplied by
* The number of forest types (if there are any).

* Compile the inventory data before beginning calculations, and have the compilation forms
to hand.

* The calculation form consists of a series of steps. Follow these steps in order, and write
down the results of each step’s calculation. For guidance, read the next two sections of
this chapter. These sections use worked examples to explain how to use, respectively:

* Calculation Form 1, and
* Calculation Form 2.

* Calculations are described using symbols. One symbol is assigned to each variable. For
example, the size of an area is assigned the symbol ‘A'. The symbols used are standard
symbols that can be recognised by people familiar with statistics. In this chapter, the
symbols are explained so that they can be used by people not familiar with their meaning.

* Two different people should separately make all calculations, if possible, in order to en-
sure that they have been done correctly.

17.2.2. (Optional) Calculation Form 1: Calculating density and quantity
without their precisions

Calculation Form 1 in Appendix O provides a series of steps for making calculations of density
and quantity for a given area. All steps in the calculation form, from 1 to 7, must be repeated for
each resource category.

Calculating density in units of number of plants per plot

1. To find the density of plants per plot, consult the compilation form or set of forms and
find the final row, titled ‘total for area or forest type’. This row contains, for all resource
categories, the total number of plants in all the plots in the area. This value is symbolised
by >y. Write one of these values in the space provided in step 1 of Calculation Form 1. To
use a simplified example, 3 plots are set up in an area. All the bamboo plants are counted
in each plot, and it is found that there are 9 plants in one plot, 10 in the second and 11 in
the third. Summing them up results in a total of 30 plants, thus:

1. Sum of the plants in all plots: >y = 30 plants

3 Appendix O provides some examples of calculation forms.
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2. Count the number of plots in the given area or forest type. This can be determined from
the compilation form. The number of plots is symbolised by #. Write this value in the
space provided in step 2. Using the bamboo example from above, there are 3 plots, thus:
2. Number of plots: n = 3 plots

3. Divide the sum of the plants in all the plots (3y) by the number of plots (#). This results

in the density, or average number of plants per plot, symbolised by y. Write this value in
the space provided in step 3. In the above example, 30 plants divided by 3 plots gives a
results of 10 plants per plot, thus the density is:

Zy —
3. Density in units of number of plants per plot: 73/’ y = 10 plants/plot

Changing the density to units of number of plants per hectare

4.

The above calculation of density is in units of the number of plants per plot. However, the
usual way to write the density in inventory results is in units of number of plants per
hectare. The first step for changing the units is to determine the size of the plot in hec-
tares, a value which is symbolised by a. Write this value in the space provided in step 4.
Normally, each plot in the inventory is 10 m by 50 m, or 500 m?.# This 500 m? is divided by
the area of one hectare, which is 10 000 m?, to convert its size to hectares. The resulting
answer is 0.05 ha, thus:

4. Size of each plot in hectares: a =0.05ha

Divide the density in units of number of plants per plot (y ) by the plot size (@). The result
is the density in units of number of plants per hectare, symbolised by Y. Write this value
in the space provided in step 5. In our example, the density of 10 plants per plot, divided
by the plot size of 0.05 hectares, is converted to a density of 200 plants per hectare:

Y | Y = 200 plants/ha
a

5. Density in units of number of plants per hectare:

Calculating quantity

6.

In order to make an estimation of quantity, you must determine the size of the area being
quantified, in hectares. This area might be the inventory area, or a smaller area or forest
type within it. The way to do this is described in Chapter 16. The size of the area is
symbolised by A. Write this value in the space provided in step 6. To continue the example
used above, the inventory area was determined to be 1000 ha; thus:

6. Size of area or forest type in hectares: A = 1000 ha

Calculated the quantity, or total number of plants in a given area, by multiplying the den-
sity, or the mean number of plants in one hectare (Y), by the number of hectares that there
are in the area or forest type (A). The quantity is symbolised by Y. Write the answer in the
space provided in step 7. In the example, 200 plants per ha is multiplied by 1000 ha to
give a result of 200 000 plants in the forest area:

7. Quantity of plants in area or forest type: Y xA, Y = 200 000 plants

You have now completed the calculations for resource density and quantity. Please see Box 17.1
to assess how reliable these estimates are likely to be.

4

However, if you decided to count the smaller resource species in every 25th subplot, as

described in Section 13.3 of Chapter 13, the plot size will be 10 metres x 10 metres, or 0.01

bectares.
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Box 17.1. How reliable are your estimates of density and quantity?

The reliability of your estimate of density will depend upon how accurate
and how precise it is.” If you have followed the recommendations in this
manual about how to improve accuracy then it is likely your density esti-
mate is reasonably accurate (and you can partially examine this by looking
at the results of your checks in the field). If you have followed the guide-
lines about precision and have tried to establish as many plots as possible,
it is likely your density estimate is reasonably precise as well (and you can
confirm this by calculating the precision, as described in Section 17.2.3,
below).

The reliability of your estimate of quantity will depend not only upon the
reliability of your estimate of density, as discussed above, but upon the
reliability of your estimate of the size of the inventory area as well. The
reliability of the latter estimate depends upon the accuracy of your plan-
ning map, and how well you have located the inventory area boundary on
the map. If you do not feel confident about the estimate of the inventory
area size, you should not feel confident about the estimate of quantity for
that area, even if you consider the estimate of density to be accurate and
precise.

17.2.3. (Optional) Calculation Form 2: Calculating the density and quantity
with their precision

Calculation Form 2 in Appendix O provides a structure for making calculations of density and
quantity for a given resource category in a given area. It also provides a structure for calculating
their precision, expressed as their respective confidence ranges, as well as the sampling error %.¢
All of the steps on Calculation Form 2, from 1 to 17, must be repeated for each resource category.

Calculating the density in units of number of plants per plot

1,2 and 3. To begin, steps 1 to 3 must be completed, as has already been described for steps 1 to
3 of Calculation Form 1. These values must be written in the space provided in steps 1 to 3 of
Calculation Form 2.

Calculating the confidence range in units of number of plants per plot

4. Consult the compilation form or set of forms and find the final row, titled ‘total for area or
forest type’. This row contains, for all resource categories, the sum of the squared number
of plants in all the plots in the area. This value is symbolised by Y (y?). Write one of these
values in the space provided in step 4 of Calculation Form 2. To use a simplified example,
the squared number of the bamboo plants enumerated in the 3 plots that were established
in an inventory are 92, 10% and 11%. The sumis (9x9) + (10x10) + (11x11) = 81 + 100
+ 121 = 302, thus:

4. Sum of the squared number of plants in all plots: 2(y*) =302

> The Introduction to this manual defines accuracy and precision and summarises how to
achieve them.

¢ Box 3.3 in Chapter 3 defines the confidence range and sampling error %.
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10.

The sum of the number of plants in all plots is squared, then divided by the number of
plots. This produces a value called the ‘correction for the mean’, which is written in the
space provided in step 5. In the example, the sum of the number of plants in all plots is 30
9 + 10 + 11 = 30). 30%is 900, and 900 divided by 3, the number of plots, is 300. Thus
the correction for the mean is: (=)

5. Correction for mean: n_ = 300

Now the ‘correction for the mean’ in step 5 is subtracted from the sum of the squared
number of plants in all plots in step 4, to produce a value called the ‘sum of squared
deviations from the mean’, symbolised by a ‘S§y’. Write this result in the space provided
in step 6. To use the example, the ‘sum of squared deviations from the mean’ is 302 - 300,

or 2. Thus, (Ey)?

6. Sum of squared deviations from the mean: 20 - T, SSy=2

The ‘variance of the mean’, symbolised by V, is calculated by dividing the ‘sum of squared
deviations from the mean’( $§y) by the number of plots (n). The result is then divided
by the number of plots minus 1 (n - 1). Write this result in the space provided in step 7.
In the example, 2 divided by 3 and divided again by 2 (i.e. 3-1) results in 1/3 or 0.33.
Thus, sSy

7. Variance of mean: nn-1), VY =033

The ‘standard error of the mean’, symbolised by SE ), is obtained by calculating the square
root of the variance of the mean. Write the result in the space provided in step 8. To get
the square root of a value one must use a mathematical operation which is the opposite of
squaring a value. For instance, if the number 3 squared is 9, then the square root of the
number 9 is 3. This calculation is usually written as V9. The best way of making this
calculation is by using a calculator. Press the ‘9’ button on the calculator, then the vV’
button; the number ‘3’ should appear on the calculator’s screen. In the example, the
square root of the variance of the mean, v0.33, is 0.57, thus:

8. Standard error of mean: VWV y, SE y=0.57

The next step is to consult a Student’s ‘¢’ table’ to find the appropriate ‘¢’ value, symbol-
ised by ¢. An acceptable probability level to use is 0.1 or 90%, although 0.05 or 95% is even
better. The degrees of freedom (df) that is used to look up the ¢ value in the table is equal
to the number of plots minus 1 (n - 1). The ‘¢’ value that you obtain from the table using
this probability level and degrees of freedom should be written in the space provided in
step 9. To use an example, the number of plots is 3, meaning that there are 2 degrees of
freedom. At a probability level of 0.1 (90%), the appropriate ¢ value in the table in Appen-
dix ] is 2.92. Thus:

9. Student’s t value at P = 0.1: t=292

The confidence range is one way of expressing the precision. The confidence range for
the density, in units of number of plants per plot, is symbolised by c¢. To calculate it,
multiply the student’s ¢ value by the standard error of the mean. Write the result in the
space provided in step 10. Using the example, the confidence range is (2.92 x 0.57) or
1.66. The ‘*’ symbol indicates that the confidence range extends from the mean minus
1.66 to the mean plus 1.66. This means that the upper confidence limit is 10.00 = 1.66 =
11.66, and the lower confidence limit is 10.00 - 1.66 = 8.34. When presenting the inven-
tory results, sometimes we use the lower confidence limit instead of the mean, if we want
to err on the side of safety. Thus:

10. Confidence range in units of number of plants per plot: (¢ xSE y ), ¢ = =1.66

7 Appendix J contains a t-table and explains what it is and bow to use it.
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Whenever you display an estimate with its confidence range, you should state the probability
level that you used to select your ¢ value (see Step 9). Thus you should write the above result as
‘10.00 £ 1.66 plants per plot (at P = 0.1)’ (or ‘at P = 90%’).

Calculating the density and confidence range in units of number of plants per
hectare

11, 12. To change the confidence range from units of number of plants per plot to units of number
of plants per hectare, steps 11 and 12, which change the units of the density, must first be
completed. These are identical to steps 4 and 5 described for Calculation Form 1.

13. The confidence range, c, can also be changed to units of number of plants per hectare by
dividing it by the size of each plot, a. Write the result in the space provided in step 13.
Using the example, the confidence range is =1.66 plants per plot + 0.05 ha per plot. This
is equal to 33.20 plants per hectare. The ‘*+’ symbol indicates that the confidence range
extends from the mean (200 plants per ha) minus 33.2 to the mean plus 33.2. Thus:

13. Confidence range in units of number of plants per hectare: * % , C=*x332
Whenever you display an estimate with its confidence range, you should state the probability level
that you used to select your t value (see Step 9). Thus you should write the above result as ‘200.0

+ 33.2 plants per plot (at P = 0.1)’ (or ‘at P = 90%’).

Calculating the quantity and confidence range in a given area

14, 15. To estimate the confidence range of the total number of plants in a given area (i.e. the
quantity), steps 14 and 15, which calculate the quantity, must first be completed. These
are identical to steps 6 and 7 described for Calculation Form 1.

16. The confidence range can be calculated by multiplying the confidence range, C, in units of
number of plants per hectare, by the size of the area, A, in hectares. Write the result in the
space provided in step 16. In the example, the confidence range is +33.20 plants/ha x
1000 ha, or 33,200 plants. The ‘+’ symbol indicates that the confidence range extends
from the quantity (200,000 plants) minus 33,200 to the quantity plus 33,200. Thus:

16. Confidence range of the number of plants in the area: *+ CxA = %£33,200

Whenever you display an estimate with its confidence range, you should state the probability level
that you used to select your t value (see Step 9). Thus you should write the above result as
200,000 = 33,200 plants per plot (at P = 0.1)’ (or ‘at P = 90%").

Calculating the sampling error % of the density and quantity

17. The sampling error % is another way of expressing the precision. To calculate the sam-
pling error %, the confidence range, c, should be divided by the estimated mean, y, and
the result multiplied by 100. Write this answer in the space provided in step 17. Using the

example above, 1.66 divided by 10 and multiplied by 100 is 16.6%. Thus:
c

17. Sampling error %: 100 x ? E% = 16.6%
Whenever you display an estimate with its sampling error %, you should state the probability level
that you used to select your ¢ value (see Step 9). Thus you should write the above result as ‘10

plants per plot with a sampling error of 16.6% (at P = 0.1)’ (or ‘at P = 90%’).

Note that the density and its confidence range, expressed in different units (i.e. Yand C of steps
12 and 13), will have the same sampling error %. The same is true for the quantity and its confi-
dence range (i.e. Yx A and C x A of steps 15 and 16).

You have now calculated resource density and quantity with their precision. Please see Box 17.1
to assess how reliable these estimates are likely to be.
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Where to next

Now that the main results of the inventory have been calculated, you should begin to think about
how you will present these results in the form of a final report. The next chapter describes how
to write this report.
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Objectives

After reading this chapter, you will be able to complete the following task:
18.1. Write the final report.

Skills/information required

* None

Materials required

* Paper, pen, typewriter (optional) and computer (optional).

Introduction

The results of the inventory should be presented in the form of a final report. The final report
should inform villagers or outsiders about the purpose and objectives of the inventory, the meth-
ods used, the results obtained and the follow up activities planned. This chapter discusses how
to design the report to suit the people who will be reading and using it. It also provides a sug-
gested outline for writing the report.



Chapter 18 Write the Final Report 229

18.1. Write the final report

18.1.1. Designing the report to suit the intended audience

The content and style of the final report will depend upon whether villagers or outsiders from
government or companies are going to be reading the report.

Designing the report for villagers

If the report is to be used by the villagers, you should write it so that the villagers who were not
closely involved in the inventory can understand the inventory methods and results by reading
the report. It will be particularly important to explain the methods used, particularly the techni-
cal ones, as these are probably unfamiliar to the villagers.
A suggested procedure for writing a report intended for villagers is described below:

1. Plan the outline of the report with the villagers, using the outline described in the next

section as a guide.
2. Hold the general village meeting to present the inventory results to the villagers before

writing the report. If at all possible villagers who have participated in the inventory should
do the presentation at the village meeting.*

3. Write the report. The villagers may write the parts of the report that they have explained
in the village meeting themselves. Alternatively, they may prefer it to be written by some-
one with more experience in report writing. In the latter case, the report writer should try
to see how the villagers explain the concepts in the village meeting and use those words to
explain the same concepts in the report.

Write a first draft of the report and give it to villagers to read and make recommendations.

5. Write the final draft, incorporating the suggestions of the villagers.

Designing the report for outsiders

If the report is designed primarily for outsiders, such as government officials or company employees,
the report may have to be written in a more formal, standard way. It will be important for the
report to have a professional appearance. The report should provide more information about the
village and its interaction with the forest and the issues or concerns being addressed by the inven-
tory purpose. This information would be less necessary in a report for villagers. The report
should also describe the technical details of the inventory.

A procedure for writing a report intended for outsiders is described below:

1. Plan the outline of the report with the villagers, using the outline described below as a
guide.

2. Write a first draft of the report. The villagers may write the report themselves although
they may prefer it to be written by someone with more experience in report writing.

3. Give the draft it to villagers to read it and make recommendations.

4. Write the final draft, incorporating the suggestions of the villagers.

L Chapter 19 will describe how to present the results of the inventory at a general village
meeting.
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18.1.2. A suggested outline for the final report

Below is a suggested outline for the final report. The points that are in a normal font should be
included in every report. The remaining points, written in Italics, can be considered optional,
depending upon the circumstances of any particular inventory.

Title page
* Title,
* Author(s),
* Date, and

¢ Location.

I. Introduction

A. Village background
*  Where the village is,
*  Who its people are,
*  When the village was founded,
* The villager’s way of life, particularly their interaction with the forest, and
* The villagers’ dominant issues and concerns with regard to the forest.
B. Inventory background
* What participatory inventory is,
*  Who initiated the inventory, and
*  Who participated in the inventory (i.e. villagers, outsiders).
C. Purpose
*  How the purpose was determined,
* The purpose of the inventory, and
* Astatement of inventory purpose signed by the village leaders (this could be attached
to the report in an appendix).*
D. Objectives
* Houw the objectives were determined,
* The objectives of the inventory, and

* Background information on the objectives (e.g. information on the chosen resource
species or the inventory area: what they are used for, why they are selected, etc.). It
might be preferable to put this information in an appendix).

Il. Methods
A. Sampling design
* Explain whether you used 100% enumeration and why,?
* Explain what sampling design was used and why,®> and

* [llustrate the sampling design (i.e. the location of the inventory lines) with an
inventory methods map.

2 Chapter 2 explains bow the statement of inventory purpose was composed with the

villagers.

3 Appendix I explains why we chose to sample with inventory lines.
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B. Methods used to gather inventory data

C.

D.

* Mention or describe the training of the inventory work teams,
* Describe the work on the inventory lines, including:
* Establishing plots along the inventory line (e.g. what to do on steep slopes),
* Enumerating plants,
* Gatbering plant information,
* Gathering environmental information, and
* Provide a sample data form and accompanying field reference sheets.
* Describe the checks, including:

*  What were the set limits to errors and what was to be done if these limits were
surpassed,

*  What percentage of original plots were checked,
*  How many errors were found and of what type,
* Did these errors surpass the limits and what was done if so,
*  Was an improvement detected over time.
Methods used to collect botanical specimens
* Describe collecting botanical specimens.
Methods used to present the results
* Describe bow the final maps were made, and

* Describe how the data were compiled and the calculations made.

Ill. Results

A.

Table(s) of results:

Display table(s) of the results of the inventory, showing the densities and quantities of
each of the resource categories in each area.

Include the precision of the densities and quantities in the above table. Whatever way
you present the precision, remember to mention the probability level used.?

Use Latin names as well as local names for resource species, if you have obtained them.

Remember to separate results obtained from different inventories (i.e. results from a
100% enumeration should be described separately from those obtained from sampling,
so that the reader can tell which method was used to obtain each result.

Map of the results

Explain how the forest resource map shows the relative densities or quantities of forest
resources using symbols.

Discussion of the results
* Summarise main results of the inventory.
* Evaluate the reliability of these results (see Box 17.1).

* Discuss the implications of these results in relation to the inventory purpose (e.g.
watershed A has more of the forest resources important to local people than water-
shed B, resource X has been more severely affected by a development activity than
resource Y).

4 Chapter 17 describes ways of presenting the precision.
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IV. Follow up activities
Do not write this section until decisions about the follow up activities have been made at the final
village meeting.’

A. EFEvaluate whether the inventory objectives were met

* If the objectives were not met, explain why the inventory team did not achieve the
objectives (e.g. encountered inaccessible areas, discovered that one resource species
bad been incorrectly identified by one of the teams).

* Ifthe objectives were not met, describe what actions the villagers have decided to take
in response.

B. Plan information storage and security
* Where will the original data be stored,
*  Where will copies of the data be stored,
*  Where will the botanical specimens be stored,
*  Where will the original maps be stored, and
* Who will be given copies of the final report and maps.
C. Plan bow to use the inventory results in order to achieve the inventory purpose
* Can the results be used directly to achieve the inventory purpose, or

* Must other information be gathered before the inventory purpose can be achieved,
and how will this be done.

D. Evaluate their experience of participatory inventory
* FEvaluate the inventory method,
* FEvaluate the impact of the inventory, and

*  FEvaluate the level of participation by villagers.

Where to next

In addition to presenting the results in a final report, the inventory team should also present
them verbally to the villagers at a general village meeting. The next chapter discusses how to
present the results of the inventory at a general village meeting, as well as how to facilitate a
discussion of the follow up activities that should be conducted as a result of the inventory. Any
plans for follow up to the inventory should subsequently be added to the final report.

> Chapter 19 describes bow to plan the follow up to the inventory at the final village meeting.
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Objectives

After reading this chapter, you will be able to complete the following tasks:

19.1. Prepare a general village meeting to present the inventory results to the villagers and
facilitate a discussion of follow up activities, and

19.2. Facilitate the general village meeting.

Skills/information required

The skills or information that you will require include:
* Appendix A. Planning and facilitating village meetings.
* Appendix E. Further information and analyses needed to achieve some inventory purposes.

Materials required

* Large size paper, broad nib marker pens, drawing pins, final maps, other materials for
preparing visual displays (optional), lighting, food and drink.

Introduction

At the end of the participatory inventory, the inventory team should hold a final village meeting to
present the results of the inventory back to the villagers. This meeting, like the final report, should
remind the villagers of the inventory purpose and objectives, and summarise the methods used
and results obtained. It should also give the villagers the chance to discuss and plan any activi-
ties to follow on from the inventory. This chapter describes how to prepare and hold this final
village meeting.
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19.1.

Prepare a general village meeting to present the inventory
results to the villagers and facilitate a discussion of follow
up activities

To prepare for the general village meeting, you should:*

19.2.

Plan the general structure of the meeting. Suggestions for meeting structure are provided
below.

Prepare visual displays of the inventory purpose, objectives, methods and results. Some,
such as a display of the inventory purpose, might already have been prepared for earlier
meetings. Others, such as tables of the inventory results, should be written on large sheets
of paper so that everyone can see them.

Divide the points to be covered in the presentation amongst the members of the inventory
team. Most of the presentation, if not all, should be made by the villagers rather than
outsiders. Villagers may be better able to explain the results in terms that the other villagers
will understand. Presenting the results at the final village meeting will give them more
confidence to explain the results by themselves to other people later.

Facilitate a general village meeting

This section suggests one possible structure for the final village meeting.?

19.2.1. Introduction

The facilitators or villagers should introduce the meeting by reminding the villagers of:

What participatory inventory is,
Who initiated the inventory,

Who participated in the inventory,
What the inventory purpose is, and

What the inventory objectives are.

19.2.2. Summarise the methods used

In this part of the meeting the facilitators or villagers can briefly describe the methods used in the

forest,

by:

Explaining the sampling design and why it was used (show a map of the inventory lines, if
one has been made), and

Explaining how the inventory work was done.

1

Appendix A contains general information on bow to prepare for village meetings.

2 Appendix A contains information on how to facilitate village meetings.
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19.2.3. Summarise the results obtained

Tables of the results

The inventory results should be presented to the village in the form of tables of resource density
and quantity. These tables should be written on large sheets of paper so that all can see them.

Map of the results

The inventory results can also be presented to the villagers in the form of a forest resources map,
if one has been made. The link between the tables and the map should be made clear (i.e. the
map provides an illustration of the results in the tables). If the meeting place is large and there
are many people taking part in the meeting it will be difficult for people to see the map. The
people explaining the map might have to walk around with it, or pass the map around.

Summary of results

The main results of the inventory should be summarised, and the implication of these results
discussed. For example, the implication of one set of results might be that one watershed is more
rich in locally important resources than another watershed. The implication of another set of
results might be that one resource was more affected by a development activity (i.e. selective
logging) than another resource.

19.2.4. Facilitate discussion of follow up activities

Ask the villagers to discuss the next steps that should be taken as follow up to the inventory. The
remainder of this section describes some of the topics that could be discussed:

Evaluate whether the inventory objectives were met

The villagers should evaluate whether or not the inventory objectives have been met, and the
course of action to take if they were not. For example:

* Ifthe inventory area was not completed within the constraints of time and other resources
allotted for the inventory, the villagers may need to decide whether or not to invest more
resources in finishing the inventory area.

* Ifthe precision of the final estimates falls short of the precision that was set in the objectives,
the villagers may need to decide whether or not to collect more data (by randomly or
systematically placing more inventory lines throughout the inventory area).

Discuss information storage and security
The villagers should discuss information storage and security. Issues include:

*  Where to store the original data collected from the field (i.e. the completed data forms).
The data forms should be numbered clearly, ordered correctly, and stored in a safe, dry
place. The data should be kept so that they can be used as a reference if someone wants to
make further calculations or check how the results were obtained. The data should be
stored securely because they represent a lot of work which would be very costly to redo.

*  Where to store copies of the data. 1t is wise to take the precaution of copying the data at
least once in case one set of data is lost (see Box 19.1 for advice on copying data). Store
the sets of data in different places to ensure that one set survives. At least one set of data
should be stored in the village. If an extra set is stored outside the village, it should be
done so with the permission of the villagers.
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Box 19.1. Copying data
There are two choices for copying data. These are:

* Photocopying the original data forms, which ensures that an exact copy
is made, and

* Transferring the data to another form or a computer database. This
often results in errors being made during the transfer. If for some reason
you must transfer the data, ask a different person to check the data at
least once in order to minimise errors.

Where to store the botanical specimens. If there are more than one set of each botanical
specimen, the villagers may want to keep one set of botanical specimens as back up to
their inventory report, and take or send the other set away for identification. Any specimens
preserved in alcohol will need to be dried for long term storage.®> As with the original data,
the specimens should be stored in a safe, dry place.

Where to store the original maps. The original copies of the final maps are best stored flat.
Failing that, they should be stored rolled up in a map roll. You should try to avoid folding
them as this can cause distortion or wear along the folds. As with the original data, the
original copies of the final maps should be stored in a safe, dry place.

Who will be given copies of the final report and maps. Some reports may be meant for a
limited audience. Others may be available for all who are interested. The villagers should
make arrangements for distributing the report to the desired audience.

Decide how to use the inventory results

One of the most important decisions the villagers will need to make is how to use the inventory
results in order to achieve the purpose.

For some purposes, the results can be directly used to achieve the inventory purpose (i.e.
present results to a government office to negotiate for access rights to an area of forest).

For other purposes, further information must be gathered and analysed in combination
with the inventory results (i.e. a productivity study must be conducted before an economic
evaluation of key forest products can be made).

The villagers should decide what the appropriate follow up steps should be and plan who will
take these steps, and where, when and how will these steps be taken.*

Evaluate their experience of participatory inventory

If members of the inventory team or the village as a whole plan to conduct further inventories, it
is be a good idea to evaluate their experience of a participatory inventory in order to see how it
could be improved.

3 Chapter 15 describes bow to press and dry botanical specimens.

4

Appendix E discusses the furtbher information gathering and analyses that may be needed

Sfor some inventory purposes.
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Ask all the people who have been involved in the inventory for their opinions on all aspects of the
inventory, including:

* The inventory method. This might be discussed in stages such as initial decision-making
by the villagers, planning the inventory, conducting the inventory work in the forest, and

presenting the results. The villagers should evaluate what was done well and what could
be improved.

* The impact of the inventory. Did the inventory address the villagers’ issues and concerns?
How could have been done to better address them?

* The participation of the villagers. Were the villagers happy with their level of involvement?
Should it have been decreased or increased, and how?
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Planning and Facilitating
Village Meetings

Objectives

By the end of this appendix, you should be able to do the following:

A.1. Describe two types of village meetings and when to use them in participatory inventory,
A.2. Plan village meetings, and

A.3. Facilitate village meetings.

Introduction

Village meetings are meetings in which the villagers play a central role. These meetings are a
very important part of participatory inventory. Village meetings provide a means of communica-
tion between the people who are proposing or conducting an inventory (whether they be outsid-
ers or villagers) and the rest of the village. They also give villagers a means for making important
decisions about the inventory.
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A.1. Two types of village meetings and when to use them in
participatory inventory

Two types of village meetings used in participatory inventory include:
* General village meetings involving the entire village, and

* Small group meetings held by distinct groups in the village. Gender, age, ethnic group or
social status may define these groups.

A.1.1. General village meetings

It is usually easier to organise one general village meeting than a number of small group meet-
ings. General village meetings are therefore a more efficient means of communicating informa-
tion to the villagers. General village meetings are recommended for:

* Introducing participatory inventory to the villagers (Chapter 1), and
* Presenting the results to the villagers (Chapter 19).

General village meetings are also essential for decision making, when the entire village agrees
about inventory plans. General village meetings are recommended for:

* Asking the villagers to decide whether they want an inventory (Chapter 1),
* Determining the inventory purpose (Chapter 2),

* Making the final decisions on the inventory objectives (Chapter 3),

* Selecting the inventory team and work dates (Chapter 4), and

* Planning the follow up activities to an inventory (Chapter 19).

It is not necessary to have a separate village meeting for each of the uses described above. One
meeting may combine several of these uses.

A.1.2. Small group meetings

Small group meetings provide better opportunities for discussion than general village meetings.
This is because distinct groups within the village may find it easier to offer information or sugges-
tions if their meetings are held separately from other, possibly more dominant, groups. Also, all
groups will have important information to offer because each group uses the forest in different
ways. For example, the resources and forest areas that are important for the women in a village
may differ from those that are important for the men.

Small group meetings are therefore recommended for:
* Discussing the inventory objectives (Chapter 3).

The best way to divide the village into small groups varies from village to village. Example A.1
describes how some villages were divided into small groups. In all cases, the aim is to identify the
main groups that have a unique perspective in matters to do with the village’s forest and its
resources.
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Example A.1. Ways in which villages can be divided into small groups

Some experiences from past participatory inventories include:

* Avillage which was divided into an older men’s group, a younger men’s
group and a women’s group,

* Avillage consisting of people from two smaller villages, which had been
combined together in one location several decades ago but which still
used different forest areas. These people were divided into four groups,
consisting of a men’s group and a women’s group from each smaller
village, and

* Avillage consisting of two ethnic groups between whom there was some
tension over forest ownership and use. Village representatives and
facilitators decided it might promote conflict to separate these ethnic
groups into different meetings. Therefore the village was divided into
an older men’s group, an older women’s group and a youths’ group.

A.2. Planning village meetings

Villagers will have a protocol for village meetings. The team initiating the inventory should find
out who in the village are usually responsible for planning these meetings and work with them.
Some important considerations include:

* When to have the meetings,

* Where to have the meetings,

*  Who to invite and how to invite them,

* The assignment of roles during the meetings, and

* The content of the meetings.

A.2.1. When to have village meetings

It is important to plan village meetings for a time of week and day that is most convenient for the
largest number of people.

The best time for general village meetings may not be the same as the best time for small group
meetings. For example, it may be usual for a village to hold the general village meeting in the
evening. However, the women’s group might find the middle of the day a better time for their
small group meeting.

A.2.2. Where to have village meetings

General village meetings should be located in a place which is large enough to include all the
people from the village. Usually there is a place in the village that is specifically designed for
village meetings. Other good locations include schools or a suitable place outdoors (weather
permitting!). You must ask the relevant people for permission to use these places.

Small group meetings will have fewer people and can take place in smaller, more informal set-
tings. These meetings should be relatively secluded, so that people who are not part of that
particular small group are not wandering in and out.
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In both types of meetings, everybody attending should be able to see the people facilitating the
meeting and any posters or other media that they are using. In some cases, the meeting place will
need to be lit with one or several lamps. People should also be able to hear the facilitators clearly.

Seating arrangements that are not hierarchical help to encourage the participation of all villagers.
One way of doing this is to arrange the seating so that everyone sits at the same level. At the same
time, seating arrangements should try to fit in with the existing village protocol. For example,
women may traditionally be seated on a different side of the meeting place from the men.

A.2.3. Who to invite to village meetings

As mentioned previously everybody in the village should be invited to attend the village meetings.
This includes old and young, men and women, and rich and poor. There is usually a traditional
system for informing people of village meetings, such as announcements made in church, the
mosque, or over loudspeakers. There may also be a system for summoning villagers just before
the meetings, such as the beating of a gong or bell. Members of the team initiating the inventory
can also contribute by walking around the village and inviting villagers in person.

A.2.4. Assigning roles during village meetings

The meeting organisers will need to assign people to a number of important roles in advance of
the meeting. These roles will be performed during the meeting and include:

* Facilitators. These people present information at the meeting and assist villagers with
decision making. Their tasks are described in more detail in the following section about
facilitating village meetings.

* Recorders. During discussion and decision making, these people write the suggestions of
the villagers on a large sheet of paper.

* Interpreters. If the facilitators are from outside the village and cannot speak the local
language then interpreters may be needed.

* Note-takers. These people record the details of the meeting, which can be referred to
later when writing up the final report.

* General assistants. These people can help with setting up and taking down chairs,
blackboards, lights or sound systems in the meeting place and making and serving any
refreshments.

Some people may have more than one role during the course of the meeting.

A.2.5. Planning the content of village meetings

It is important for the content of village meetings to be planned before the meeting. Some
general elements to a village meeting are discussed below:

* There is usually a local protocol for running village meetings. For example, the village
chief may be responsible for making an introductory or closing speech. There may be
someone else who makes an opening or closing prayer and another person who reads out
the agenda of the meeting.

* At or near the beginning of each meeting there should be an introduction to the meeting,
explaining what the purpose of the meeting is and how it will be run.

* During the main part of the meeting, the facilitators will either be making a presentation to
the villagers, facilitating discussion and decision making by the villagers or doing a
combination of the two. General guidelines for the above functions of a facilitator are
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discussed in the next section. Specific suggestions for the structure, content and presentation
of each of the meetings recommended for participatory inventory are described in the

relevant chapters.

* At the end of the meeting, it is good to have a summing up of the major points or decisions

that have been made.

As a general rule, meetings should not be longer than three hours, including discussion and
question time, because people have limits to their ability to concentrate. If the meeting is antici-
pated to be as long as three hours, a pause in the middle should be provided. Refreshments, such
as coffee and biscuits, are a good way of providing a break and ensuring a relaxed atmosphere.

A.3. Facilitating village meetings

A facilitator plays an essential role in ensuring a village meeting runs smoothly and effectively.
This section describes what qualities to look for when choosing facilitators, and the two main

functions of facilitators, which are to:

* Make presentations to the villagers, and

* Facilitate decision making by the villagers.

A.3.1. What to look for when choosing facilitators

When choosing facilitators a number of qualities should be looked for, as outlined in Table A.1.

Table A.1. Qualities to look for in a facilitator.

A good facilitator:

O Is a good communicator who is
able to present new ideas in a
clear and simple manner,

O Is neutral when presiding over
decision making,

[ Is trusted,
0 Is informal and relaxed,

[0 Respects everybody’s views equally,

U Encourages participation by
all members of the group,

[0 Looks for consensus,

0 Is a good listener,

0 Summarises people’s points
accurately and fairly, and

U Is good at keeping the discussion
to the planned time limits,
ensuring that the meeting is run
efficiently.

A poor facilitator:

U Is a poor communicator,

[0 Has a hidden agenda and tries
to influence decision making,

[0 Is not trusted,
0 Is formal and inflexible,

U Favours one individual or
group over others,

U Does not encourage participation
by all members of the group,

[0 Does not look for consensus,

0 Does not listen to the points
being made,

U Allows his or her summaries to
be influenced by personal bias,

U Does not control the length of
discussions, resulting in an
inefficient meeting.
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Choosing women or men

If only men or only women are chosen as facilitators there is a chance that the villagers of the
opposite gender might be alienated from the process. In small group meetings it is important
that the facilitator is male for men’s groups and female for women’s groups.

Choosing outsiders or insiders

If the facilitators are from inside the village they are more likely to:
* Have credibility within the village if they are well known and respected,
* Speak the local language and so be able to communicate with all the people in the village,

* Understand the best way to communicate new ideas to villagers using examples they can
directly relate to, and

* Have a good understanding of local issues and problems.
If the facilitators are from outside the village they are more likely to:

* Have a novelty value which might interest people and cause them initially to participate in
greater numbers, and

* Have different and varied experiences to offer to the discussions.

Choosing the right balance of facilitators

It is usually best to have a team of facilitators rather than just one facilitator. For one thing, it can
be exhausting for one person to facilitate an entire meeting. For another, teams of facilitators
often cause a meeting to be more lively and entertaining. Also, having more than one facilitator
means that the meetings will not be overly influenced by the biases of one person.

If possible, include a mix of outsiders (if there are any), insiders, men and women on the facilitat-
ing team, as this means the advantages of each are combined in one team. This will have the
added advantage of fostering collaboration between an outside party, if there is one, and the
villagers. It is still possible to have a successful meeting when the facilitators are all from either
inside or outside the village or of the same gender. In the end, success will depend mainly on the
enthusiasm and commitment of the people involved.

A.3.2. Making presentations to the villagers

One important function of a facilitator is to make presentations to the villagers. These may be
used to introduce participatory inventory to the villagers or to inform the villagers of the results of
an inventory.

Presentations should be prepared in advance. The team organising the meeting should plan the
points that they would like to make, the order in which they would like to make them, who will be
making each point (if there is more than one facilitator) and how to best present each point.
There are a number of ways in which the facilitators can make their presentation of each impor-
tant point more relevant and understandable to the villagers, including:

* Using examples from the villagers’ own lives that the villagers will be able to relate to,

* Using visual displays such as pictures, diagrams, maps, or tables that make it easy for the
facilitators to explain and for villagers to understand a point,

* Using short dramas or demonstrations which are fun to watch but contain important
information, and
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* Planning ways in which the presentation of a point can involve interaction with the villagers.
The more interactive the presentation of a particular point, the more likely it is that people
will remember it.

* Using photos, slides or videos of previous participatory inventories in other villages.
gp p p patory g

* Bringing a villager who has been involved in a previous participatory inventory to explain
it to the villagers.

Throughout the meetings, facilitators need to interact with the villagers and ask for and accept
any contributions in the form of questions or comments that the villagers might have about what
is being explained. Members of the village who have a good grasp of what has been explained can
be called upon to help to explain certain concepts to villagers.

A.3.3. Facilitating decision making by the villagers

This manual recommends that decisions be made by consensus. In consensus decision making,
everybody who is involved must ultimately agree to go along with the decision. The majority
cannot force a decision on a minority if the latter remain opposed to it. Consensus decision
making is crucial to any truly participatory activity, as without it people will feel that they do not
have an equal voice.

When facilitating consensus decision making, the facilitator must attempt to balance fairness with
efficiency. Frustration will result if people feel some opinions have been given a greater weight
than others, but it will also result if too much of the meeting time is spent on repetitive or overly
lengthy discussion.

Fairness in decision making should be achieved if:
* The facilitators themselves are neutral and do not take sides,
* The quieter participants have their say and are not interrupted,
* The vociferous participants do not overly dominate the meeting,
* The people who disagree with a decision have the opportunity to express their feelings, and
* The decisions made are ultimately acceptable to all.

Ensuring the efficiency of a particular meeting is very much up to the discretion of the facilitator.
The facilitator must decide how important an issue is compared to the time being taken to discuss
it. A meeting can be run more efficiently if:

* the facilitator has forewarned the participants at the beginning of the meeting of the decisions
that will need to be made and the time that will be allotted to each decision,

e all important contributions from the participants are summarised by the facilitator and
written up somewhere visible in order that people do not repeat themselves,

* once a decision has been made, it is written down, and the facilitator moves on promptly to
the next subject of the meeting.



Gathering Information
About the Village

Objectives

By the end of this appendix, you should be able to do the following:
B.1. Decide what information you need to gather about the village, and
B.2. Gather this information using Participatory Rural Appraisal (PRA) techniques.

Introduction

This appendix suggests some useful information for an outsider to know about a village and its
interaction with the forest. This information will help an outsider to facilitate decision making at
village meetings. This appendix also lists a number of Participatory Rural Appraisal (PRA) tech-
niques that can be used to obtain this information. In addition to gathering background informa-
tion, some of these PRA techniques can be used to assist the villagers with decision making
during village meetings.
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B.1. Decide what information you need to gather about the village

If you are an outsider who is unfamiliar with a village, and if you will be facilitating meetings in
which villagers will be determining the purpose and objectives of the inventory,! you will want to
invest some time in gathering background information about the village, its forest, and its forest
resources. This information will help you to be a more effective facilitator, as you understand
more of the issues under discussion or the terms being used. This information may be important
for explaining to outsiders the reason why particular inventory purposes and objectives were
chosen. Thus you may also want to document this background information for use in the final
inventory report.?

The type of background information that you will need depends upon the reason why the inven-
tory has been initiated and how much you already know about the village. The sections below list
some information that might be useful to gather about:

* The village,
* The forest, and
* The forest resources.

Read through these sections, and use the ideas presented to assemble a list of your own.

B.1.1. Useful information about the village

* The total number of people or households in the village,

* The existing social groups within the village, which might be based on gender, age, ethnic
group or social status (based on custom, education or income),

* The people who are specialists in:
* The history and traditions of the village, and

* The forest (i.e. healers who use medicinal plants, business people who trade in forest
products, people who make handicrafts, etc.),

* The main events in the history of the village (including the length of time families and
individuals have been living in the village), and

* Some of the current issues or concerns in the village, particularly those to do with the
village’s forest and forest resources.

B.1.2. Useful information about the forest

* The main access routes to the forest.

* The distinct forest types present in the forest. These distinct forest types could be due to:
* Non-human influences, such as altitude, soil type, and topography, or
*  Human influences, such as logging, agroforestry, swidden cultivation.

* The history of the village’s forest (including how long people have been using it and
under what systems of management).

1 Chapters 2 and 3 describe how the villagers determined the inventory purpose and
objectives.

2 Chapter 18 describes bow to write the final inventory report.
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B.1.3. Useful information about the forest resources

Information about the types of forest resources that are important to the village,
their products, and how these products are used, processed and sold

The forest resources that are most important to the village,

Whether each of these forest resources can be further divided into species or varieties,
The forest products that are harvested from these resources (i.e. timber, fruit, resin, poles),
The uses that these products have and whether these uses can be classified as:

* Commercial (both within and outside the village),

* Non-commercial, or

* Cultural.

Whether these forest products require processing, and if so when, where, how and by
whom is this processing done,

Whether these forest products are sold, and if so:

* To whom they are sold,

* What units are the forest products are sold in (e.g. rattan stems are sold in 4 m lengths),
* If local units are used, how do these units convert to standard units, and

* What are the conditions or limits for sale (e.g. poles of a certain species are sold only
if they are between 3 and 10 centimetres diameter at breast height).

Information about the location and ecology of forest resources

Where in the forest is the forest resource usually found (i.e. on ridges, by rivers),

Why is the forest resource located there (i.e. is it because of human or non-human
influence?),

What is the life cycle of the resource (i.e. seed, seedling, sapling, tree), including the
seasonality of its flowering and fruiting, and

How is the resource changing over time, with respect to past, present and future quantities
and qualities.

Information about the harvesting of forest products

Who usually harvests the forest product (i.e. do all villagers harvest it, or only people of a
certain age, gender or other grouping),

When is the forest product usually collected (i.e. is there a defined season, or is the product
collected often or seldom),

How do the villagers determine whether a particular forest product is ready to be harvested
(i.e. is this based on age, size, or some other condition (e.g. fruit size, flavour, ripeness,
smell)),

How do the villagers collect the forest product (i.e. what techniques or procedures are
used),

Which part of the plant is collected, and

What quantities of the forest product are usually collected at one time.



Appendix B Gathering Information About the Village 251

B.2.  Gather this information using Participatory Rural Appraisal
(PRA) techniques

B.2.1.  Principles of PRA

PRA techniques provide an efficient and flexible way of gathering information about a village.
Although a variety of techniques are available, all are unified by a few basic principles, described
inBox B.1.

Box B.1. Basic principles of PRA
Outsiders must take a learning role

Outsiders need to learn from and with local people. They need to find out
and use the language and categories of local people and have an attitude of
respect or appreciation for local people’s knowledge. By adopting this
attitude they will be able to develop a better relationship with the local
people, from which all the involved parties will benefit.

Information should be cross-checked or triangulated

Any information obtained should be crosschecked by using a number of
different perspectives or sources of information (e.g. different villager
informants, different PRA techniques) in order to test its accuracy.

Rapid and progressive learning

Outsiders should not set themselves rigid procedures for applying PRA
techniques. Instead they should use them in a manner that is flexible,
exploratory, interactive and inventive.

Avoid bias

Inaccurate results, also known as bias, occur when one situation or
perspective is preferred over another. For instance, a study that fails to
include the perspective of women may be gender biased. Professional bias
occurs when an individual is selective with information so the results reflect
their own agenda, and seasonal bias occurs when a study does not take into
account the seasonal change throughout the year. A study that obtains only
the perspectives of the village leaders will have yet another form of bias.

Optimal ignorance and appropriate imprecision

Outsiders must have a clear objective of the type of information they will
need for participatory inventory. It can be costly to find out more information
than is needed, or to be excessively rigorous in the application of scientific
methods. Often comparisons, information about broad trends and subjective
ranking are all that are required.

Adapted from Freudenberger (1994) and Chambers and Guijt (1995)
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B.2.2. How to do PRA
Timing
It is important that the timing of PRA activities is convenient for all participants, whether it is the

time of year, the time of week or the time of day. PRA activities should not clash with important
village activities.

Selection of informants

PRA activities in a village often begin by identifying key informants who can provide a general
overview of the village. These key informants can be village leaders, village elders, school teach-
ers, local merchants and government representatives. Protocol usually requires that village lead-
ers are approached first. Often these key informants are well informed and easy to interview.

The interviewers should not limit themselves to interviewing only key informants. They should
also try to interview the whole cross section of people living in the village, including: women,
younger men, landless labourers and recent arrivals to the village in order to benefit from their
knowledge and perceptions of the village. For participatory inventory, the interviewers must try
to find forest specialists who can provide information about the forest and its resources. These
forest specialists will not necessarily be among the richer, educated or more articulate members
of a village community. In fact, often a village’s forest specialists are people with little land and no
livestock who rely more heavily on the forest as their primary source of subsistence.

Some communities may object to letting women take part in PRA activities, especially if the out-
siders are all men. Men in the village might demean the women’s contribution to a general PRA
activity or attempt to disrupt PRA activities involving women. If possible, the outsider team should
include at least one woman and PRA activities should be done with women in a place that is not
too public.

Ensuring information is gathered efficiently

PRA activities should be well recorded and documented by the interviewers. If the activity uses
drawings on the ground it is especially important that the information is recorded on paper be-
fore it is lost. To reduce duplication of effort all interviewers should share and discuss the infor-
mation gathered during the day. This information can then be combined in a table or some other
visual display for all to see. This can help to organise notes during the PRA activities and assist
information sharing and further planning.

B.2.3. PRA techniques

A number of PRA techniques can be used to obtain information. These are described below.
Deciding which technique to use depends upon the information that you desire. It is probably
best to start by organising a semi-structured interview. You can then use other techniques in
conjunction with the interview, if and when appropriate.

Semi-structured interviews (SSis)

Interviews with villagers are one of the easiest and most efficient ways to gather information.
However, formal interviews, which tend to have a carefully prepared sequence of questions, can
be long, cumbersome and inflexible. They can also be intimidating for a villager and the quality of
the information collected is often poor. For this reason interviews need to be more informal in
appearance and flexible in execution. This style of interview is called a semi-structured interview
or SSI.
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Despite the appearance of being informal SSIs are carefully structured with a checklist of broad
interview topics that act as a guide. It is vital that an interviewer listens carefully to what is being
said, and challenges answers, asks for back up details, probes for increased depth and specifica-
tion, and refers forward and back in time. The interviewer must also be observant and learn to
pursue areas that are of interest to the informant. The success of a SSI will often depend on the
rapport built up between the interviewer and informant, or group of informants. This rapport
will largely depend on the way in which the interview begins and the skill of the interviewer.
Some of the key considerations of an SSI are listed in Box B.2.

Box B.2. Dos and don’ts during semi-structured interviews
Do Don’t
U Choose the right time U Waste people’s time
U Interview small groups 0 Show distaste for local customs
U Introduce yourself 0 Make promises
U Specify roles U Be beaurocratic
U Be at the level of the villager U Ask leading questions
U Use the local language and try U Ask questions which are
to make yourelf understandable too personal
U Be sincere and genuine U Ask irrelevant questions
[0 Have some knowledge of 0 Laugh at the villagers or
customs and tradition what they say
U Be friendly 0 Repeat questions
U Listen, ask open questions U Interrupt
U Ask one question at a time 0 Judge
U Go from general to particular U Criticise the villagers’ answers
U Ask ‘to the point’ questions
0 Ask for more answers to
one question
U Give enough time for response
U Observe
0 Thank the villager at the end
Adapted from Thompson et al. (1994)

Extensive note taking by the interviewer is not recommended during SSIs as it can draw the
interviewer’s attention away from the interview. It might also appear to be rude and disturb the
informant. One solution is to use two interviewers, one who leads the interview and another who
takes notes. Permission from the informant should be asked and the notetaker should not be too
obvious during the interview. If the interviewer is alone, key notes can be taken of names, quan-
tities, varieties, etc. and the full interview written up as soon as possible after the interview has
ended, while the information is still fresh in the interviewer’s mind.
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Walks in the forest with forest experts

Walks in the forest with local forest experts will provide outsiders with the opportunity to discuss
the forest and forest resources with villagers in a relaxed and informal environment.

During walks in the forest with experts much of the information required concerning the forest
and its resources can be gathered by using semi-structured interviewing techniques. Informants
can be asked to illustrate some of what they say about the forest using examples found during the
walk. The walks provide the opportunity to view many of the forest resources first hand and
obtain a fuller understanding of their appearance, ecology and management.

Participatory sketch map of the village

Making a sketch map of the village helps to orient a newly arrived outsider. It can provide back-
ground information about the population of the village and the existing social situation, as well as
be used as a medium for further discussion of social and economic issues (see Figure B.1).

A sketch map of the village can be drawn by a group of villagers or a single person. The technique
of drawing a sketch map of the village is similar to that for drawing the participatory sketch map of
a village’s traditional lands.?

When making a sketch map, the facilitator should first encourage the group to begin with a cen-
tral reference point in the village, for instance the school, meeting house or place of worship.
From this point the relative location of other landmarks in the village can be added. If the village
is small enough, even the individual houses and names of households could be added. The detail
required from this map will depend on its use.
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Figure B.1. A participatory sketch map of a village shows the location
of important houses and features in a village.

3 Imformation about sketch mapping a village’s traditional lands is described separately in
Appendix C.
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Transects

Transects provide another perspective on land use, forest type and topography in a village area
(see Figure B.2). Unlike a map, which provides a bird’s eye view of a piece of land, a transect
sketch illustrates a cross section of the land. The cross section will often pass through the village
itself. Transects can be used to obtain information about the major land uses of the village (i.e.
agricultural land, areas of primary and secondary forest, etc.) as well as important forest types
differing in species composition, soil type and topography.
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Figure B.2. A transect shows a cross section of the area around
a village

A transect can be drawn by a member of the local community from a stationary position either in
the village or sitting in a spot with good visibility of the area. Or, the transect can be drawn while
travelling through the village land, either by foot or by another form of transport. Within each
distinct land use zone or forest type the community member can list important information, such
as the types of plants found, economic activities, or management problems.

Trend tables

Trend tables can be used to show and investigate the long term changes or history of a village and
its forest. For instance, in the trend table shown in Figure B.3, there is a dramatic decline in the
collection of rattan after the year 1989. On asking why this was the case it was learnt that the price
of rattan fell sharply and it became no longer financially attractive to go to the forest to collect it.
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Figure B.3. A trend table shows how a village and the area around it
will change over time, it is a good opportunity for older
villagers to explain the history of the village.

The information needed to create a trend table can be collected from interviews with individuals
or small groups of the more elderly members of the community. A trend table can be drawn with
a pen or pencil on a piece of paper or with a stick on a flat area of ground. The first column of the
table should consist of significant past events in the village’s history (for instance the time the
village was founded, forest fires or other times of forest change). These events should be drawn
on the paper in chronological order. The remaining columns should represent other variables,
such as the village population level, the major income generating activities of the village, or the
level of collection of specific forest resources. There is no need for accurate quantification of
each variable, but stars drawn or stones placed in the relevant spaces in the table should show the
general trends of these variables over time.

Seasonal calendars (or annual activity schedules)

Seasonal calendars can be used to determine events that occur on a seasonal basis (see Figure
B.4). They can inform an outsider of the villagers’ main activities throughout the year, such as
when the villagers are most busy with their agricultural lands, either planting or harvesting, and
when they are most likely to be collecting resources from the forest. They can also inform outsid-
ers about the seasonal patterns of forest resources, such as their periods of flowering and fruiting.
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Figure B.4.  Seasonal calendars be used to show when a tree or forest

resource is in production as with rambutan, rattan and
durian or when the villagers are busy farming as with rice.

Seasonal calendars can be either drawn on a large piece of paper or on the ground using twelve
holes, or stones, to indicate the months of the year. Sometimes it is better to draw the calendar
over fifteen to eighteen months in order to obtain complete cycles. Villagers can then indicate
which activities they usually undertake during which months. This technique can also be used to
illustrate the quantities of each individual resource that come from the forest over the year. This
can be done by placing small stones or seeds next to the hole or stone indicating the specific
month. The greater the number of small stones or seeds the larger the yield. Only one forest
resource should be discussed at one time.

Scoring and ranking

Scoring and ranking are PRA techniques that can be used to determine the relative importance of
different options. This can assist decision making in situations where not all of the options can be
chosen. Scoring tends to be quicker and less painstaking than ranking, and may be appropriate
for making the first shortlist from of an initial large list of options. Ranking is very time consum-
ing if there are many options in question (i.e. more than 15), but it is the most reliable way of
assessing the relative importance of the options, as all options are compared to all others using
this method. With ranking you can produce a list where all options are ranked in order of impor-
tance. Thus ranking is recommended for making the final cut.

* Scoring. Scoring can be done on a large piece of paper or a flat, smooth area on the
ground. The names of the options in question (for example, locally important forest
resources) are either written on the paper or represented by a symbol or object on the
ground (see Figure B.5). Village participants then judge the relative importance of each
option by drawing stars (if on paper) or placing stones next to the names (if on the ground).
The number of stars or stones allotted to each choice will reflect its importance in relation
to the other options.
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Figure B.5.  Scoring is done to try to roughly determine the relative
importance of forest resources. Each resource is awarded
a number of stars from one to five (five being the most
important).

Ranking. Ranking can be done on a square table that has the same number of rows and
columns as there are options to be ranked (see Figure B.6). This table can be drawn on a
large piece of paper or on the ground. The name of the resources to be ranked should be
written both along the top and side of the table. The full name of the resource can be
shortened to a single letter, or number. Beginning with the resources in the first column
and the second row, ask the group which of the two they consider to be more important.
A quick way of determining how the group feels is by asking for a show of hands. The
chosen resource is then written in the box in the table where the two compared resources
converge. Continue with this comparison until all resources in the list have been compared
with one another. Then, add up the number of times that each resource was considered
more important. The most important resource appears the most number of times. Thus,
this resource is ranked number 1, the resource that features second most is ranked number
2, and so on. The result of this process will be a list of the resources ranked by importance.
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Ranking is another tool used to determine the relative
importance of forest resources. If you are finding it
difficult to decide which resources to include on the
inventory ranking is a good system to decide which

resource is more important than another.



Making a Sketch Map

Objectives

By the end of this appendix, you should be able to do the following:
C.1. Prepare to make a sketch map, and
C.2. Make a sketch map.

Introduction

Participatory sketch mapping is a process in which villagers draw maps of their village area from
memory onto a blank piece of paper. Sketch maps are not as accurate as scale maps with
respect to scale, orientation or location. For example, one common inaccuracy is for people to
draw areas close to the village at a larger scale than more distant areas. However, a sketch map
drawn by the villagers will contain far more detailed local information than a scale map made
from aerial photographs or radar images. Villagers can often draw relatively correct locations of
streams, ridges and footpaths, all features that may be difficult to interpret from aerial photo-
graphs or radar images. Villagers may also include information that is impossible for an outside
survey team to know or interpret from aerial photographs or radar images, such as local names
of places and details of local land uses.

Sketch maps may be used for the following steps of participatory inventory:

* 3. Determining the objectives. The villagers will need to make decisions about inventory
objectives, such as what area of forest will be included in the inventory area and how the
inventory area might be subdivided into smaller areas or forest types. It is useful for the
villagers to have a map as a focus for discussion and as a document on which to record
their decisions. Sketch maps are often easier for villagers to understand and use than
scale maps, especially if the villagers have participated in making the sketch maps but not
the scale maps.!

* 6. Making the planning map. Sketch maps can be used as a reference for adding informa-
tion to a planning map, whether this planning map is produced by copying maps, photo-
graphs or images or by ground surveying. If the planning map is produced by ground
surveying, sketch maps will provide the only available basis for planning the survey work.2

L' Chapter 3 describes bow the villagers determine the objectives.

2 Chapter 6 describes how to make the planning map.
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C.1. Prepare to make a sketch map

Preparing to make a sketch map involves the following considerations:

*  Who should make it. The villagers whom you invite to make the sketch map should
ideally be the people who know the forest well. Different groups within the village may
know different areas better than others. For example, women may know the areas nearest
to the village and young men may know the areas farthest from the village. Try to ensure
that a representative from each of these groups is involved in sketch mapping.

* Timing. Making a sketch map can be a lengthy process. It might be good to divide the
exercise into two sessions, or make arrangements for a break in the middle of the exercise.

* Location. Because there are often many people involved in sketch mapping it is important
to be in a location where everybody can see the map and make contributions to it. For this
reason it is often better to work in a large room. The map should be on the floor or
pinned to a wall, rather than on a table where only a few people can be seated around it.

* Equipment. The equipment needed to make a sketch map includes 2-3 sheets of large
size paper, pencils, pencil sharpeners, erasers, coloured fine nib pens and sticky tape or
drawing pins.

C.2. Make a sketch map

C.2.1. Discuss the purpose of the sketch mapping activity

You should begin by discussing with the villagers why they are making a sketch map, as this will
influence the information that they will want to put on the map. For example, the sketch map
may be used to discuss and determine the inventory objectives, or to make the planning map.
The sketch map may also be made for additional purposes that are not related to participatory
inventory. After clarifying the purpose, everyone should discuss what information they will want
to include on the map.

C.2.2. Getting started

Possibly the most difficult part of sketch mapping is getting the villagers to draw the first line on
the paper. It is often best to begin with the location of the village itself or a prominent feature of
the landscape, for example a river or road. This will act as a reference point from which the
relative position of other features can be drawn. The villagers should also begin by using pencil
because they will feel more confident to draw on the map if they know that mistakes can be
erased.

C.2.3. Adding information

You should think carefully about the order in which the villagers should add information to the
sketch map. It is often best to begin with features that are not difficult or controversial and
include more sensitive or difficult information as the activity progresses.

It is often best to start a sketch map by drawing the location of the village, rivers, roads and ridges,
and naming them. This provides a good framework to which other information can be added,
such as the location of:

* Traditional boundaries of the village’s land,

* Administrative boundaries,
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* Agricultural lands,

* Types of agricultural land use,

* Forested lands,

* Types of forest or forest use,

* The location of specific forest resources, and
* Any other natural or man-made features.

An example of a sketch map is provided in Figure C.1.
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Figure C.1.  This sketch map shows the location of the village,
the local river system, and areas in the forest where there
are concentrations of important forest resources, in this
case birds’ nest caves, gaharu and honey trees.

C.2.4. Choosing symbols and making a legend

All the features drawn on the map should be classified and each classification represented by a
symbol. A symbol is a small diagram that is often drawn with coloured ink. This symbol is then
explained in a legend. For example, rivers may be drawn with a solid blue line, ridges with a
dotted black line and roads with a solid black line. Villages may be symbolised by a black circle.



Balancing Cost and Precision

Objectives

By the end of this appendix, you should be able to do the following:
D.1. Follow the general procedure for balancing cost and precision,

D.2. Make the approximations necessary for balancing cost and precision before the inventory
work, and

D.3. (Optional) Make the reassessment necessary for balancing cost and precision after one
week of inventory work.

Introduction

When planning an inventory, one of the important decisions that the villagers must make is about
their objectives for cost and precision:

* The cost of an inventory is measured in terms of labour and time needed to finish an
inventory. The units used are ‘teams’ and ‘days’; for example, 3 teams (of 6 people per
team) working for 20 days.’

* The precision of an inventory is commonly expressed in terms of the sampling error %.
This is the ratio of the 90% confidence range to the estimated mean, expressed as a
percentage. Thus an estimated mean of 5 trees per hectare with a 90% confidence range
of £1 trees per hectare will have a sampling error % of 20%.2

The aim in inventory is to have as high a precision as possible. A high level of precision is
achievable, provided enough plots are established. However, the greater the number of plots,
the higher the cost will be. This appendix describes a procedure for estimating whether the
villagers’ desired precision is compatible with the cost limits that they have set. It also discusses
possible courses of action if these two objectives are not found to be compatible.

L Chapter 3 defines the cost in more detail.

2 Box 3.3 in Chapter 3 defines the precision in more detail.
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D.1. A general procedure for balancing cost and precision

The steps outlined below provide a general procedure for balancing cost and precision. You
should follow this procedure at least once during the course of a participatory inventory, when
you make approximations before the inventory work begins. If you feel reasonably confident
about making calculations, you should follow this procedure a second time, when you make a
reassessment after one week of inventory work. This second time is optional, but recommended,
as discussed later.

1. Calculate the number of plots that can be made for the desired cost stated in the commu-
nity’s objectives.” These calculations are described in Section D.2.1, below, if you are
making approximations before the inventory work, and Section D.3.1, below, if you are
making a reassessment based on one week of inventory work.

2. Estimate what precision can be expected for this number of plots. The way to do this is
described in Section D.2.2 for approximations before the inventory and Section D.3.2 for
reassessment based on one week of inventory work. Note: This relationship between
precision and number of plots is not valid for a sampling fraction greater than 5%. You
should estimate the sampling fraction, and if it is higher than 5%, consult Box D. 1.

Box D.1. Why is the precision related to the number of plots and
not the sampling fraction?

The influence of the sampling fraction on the precision is assumed to be
negligible when the sampling fraction is below 5% (i.e. when the total
number of plots that you establish cover less than 5% of your inventory
area). This manual has only included the precision calculations that are
used when the sampling fraction is less than 5%, as low sampling fractions
are almost always the case in forest inventories.

Dawkins (1971) says ‘An experience that surprised most of us was the
adequacy of information from low sampling fractions, even of very complex
communities over large areas. In fact, sampling fraction is a parameter of
little account, what matters is the number of independent sampling units
(i.e. plots) available.’

However, if your sampling fraction is greater than 5%, it begins to have a
significant impact on the precision of your estimates, causing the precision
to be higher than that which you will calculate using the equations provided
in this appendix. A good rule of thumb is that it is quite likely that you will
have an adequate precision if your total number of plots cover between 5%
and 20% of the inventory area. Of course, there is no problem with covering
more than 20%, even covering as much as 100% (i.e. 100% enumeration), if
it can be done for an acceptable cost.

3. Compare the precision estimated in the above step to the desired precision stated in the
community’s objectives.* Note that a precision (sampling error %) of 10% is more precise
or greater than a precision (sampling error %) of 20%, even though the number 10 is less
than the number 20:

> Chapter 3 describes bow the villagers determine the desired cost.

4 Chapter 3 describes bow the villagers determine the desired precision.
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If the estimated precision is the same as the desired precision, then the community’s
cost and precision objectives are compatible at the calculated number of plots.

If the estimated precision is greater than the desired precision, then the community’s
cost and precision objectives are compatible at the calculated number of plots. How-
ever, this result means that fewer plots are needed and hence the cost could be low-
ered to achieve the desired precision. Reduce the cost of the inventory (i.e. planning
for fewer team days), and begin again at step 1 in order to estimate whether this re-
duced cost can still achieve the desired precision.

If the estimated precision is less than the desired precision, then the community’s
cost and precision objectives are not compatible. In this case the community must
reconsider their objectives. The options for changing the objectives include:

a) Maintaining cost limits and hence the number of plots, and accepting a lower
precision than that which was desired,

b) Increasing the cost limits by increasing the number of work days, or

¢) Increasing the cost limits by increasing the number of inventory teams.

An illustration of these options is provided in Example D.1.

If you are considering these options prior to conducting the inventory work, then you should
write them up on a large piece of paper and present them at the general village meeting held to
make decisions about the objectives. The community as a whole can then decide which option
they would prefer. If you are considering these options after one week of inventory work, you
will have to decide whether the villagers should be consulted again, or whether you and the
inventory team should decide by yourselves which option is preferable. If you choose to increase
the cost limits in order to establish more plots, then you will have to recalculate the location on
the planning map of all inventory lines which have not yet been enumerated.>

Example D.1. Balancing precision and cost

In Pohon Besar village, the villagers decided that a cost of 45 team days (3
teams and 15 days) was their preferred limit and a precision of 25% or
greater was desirable. The inventory team found that the number of plots
achievable for their specified cost (by approximation) was 900, and that
this number of plots would only give a precision of 30-35% (by
approximation). Thus the desired precision was not obtainable for the
specified cost. The inventory team therefore presented the following choices
back to the village:

* Maintain the time and labour limits and accept that the precision may
be 30-35%,

* Increase the number of working days by 11 days while maintaining the
same number of teams, making it possible to establish 1560 plots, which
should result in a precision of approximately 25%, or

* Increase the number of teams to 5 while retaining the same number of
days, making it possible to establish 1500 plots, which should result in
a precision of approximately 25%.

> Chapter 7 describes how to locate the inventory lines on the planning map.
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D.2. Make the approximations necessary for balancing cost
and precision before the inventory work

Before starting the inventory work, it is important that you make some approximations that can
help you make initial plans. You will want to approximate whether the cost and precision objec-
tives set by the villagers are compatible (i.e. whether the desired precision can be achieved at the
desired cost limits), and if you think that they are not, you will want to help the villagers to
reconsider their options so that they can have objectives that are compatible.¢

This section provides a method for making these approximations. As you have not yet gathered
any inventory data from your area, your approximations are based on the results of two participa-
tory inventories conducted in East Kalimantan and Jambi provinces. In these inventories, 13 to
15 different forest resources, both timber and non-timber, were enumerated in inventory areas
that were a mixture of primary forest and old secondary forest. The more the conditions of your
inventory differ from these conditions, the less relevant these approximations are likely to be for
your situation, and the more important it becomes that you make a reassessment after completing
one week of inventory work, as described in the next section..

D.2.1. Approximation of the number of plots that can be made for a given
cost

To approximate the number of plots that can be made for a given cost, lessons can be learned
from two participatory inventories conducted in East Kalimantan and Jambi provinces. It was
found that the number of plots completed in one team day varied with the type of terrain in which
the teams were working, such that:

* An average of 20 plots (10 x 50 metres in size) could be completed if the topography was
steep, and

* An average of 30 plots (10 x 50 metres in size) could be completed if the topography was
flat.

Thus, with some idea of the terrain that you will be working in, you can estimate how many plots
can be completed for a given cost. This is illustrated in Example D.2.

The desired cost is stated in terms of the total number of team days available for conducting the
inventory work. However, not all of these team days are available for making and enumerating
plots.” For example, if the inventory teams have to camp in the forest, all teams will spend two
days in setting up each camp at the beginning and taking it down at the end. Furthermore, all
teams will use approximately one out of every ten days for checking the plots that have already
been set up. Those team days not spent in making and enumerating plots must be subtracted
from the total number of team days.

¢ Chapter 3 discusses how to facilitate decision making by villagers about the cost and
precision.

7 Chapter 10 discusses bow the days tend to be allocated when planning an overall
work schedule.
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Example D.2.  Approximating the number of plots from a given
cost

In an inventory conducted in Pohon Besar village, there were 23 days
available for conducting the inventory. With an estimated 6 days to be used
for moving camp and 2 days for checks, this meant that there were 15 (23-
6-2 = 15) days available for inventory work. These 15 days were multiplied
by the 3 inventory work teams, making 45 team days. Since the forests
around Pohon Besar village were almost all on very steep terrain, these 45
team days were multiplied by 20 plots per day. Thus it was approximated
that 15 working days x 3 inventory work teams x 20 plots per working day
per inventory team = 900 plots of size 10 metres x 50 metres could be
completed under the given cost constraints.

D.2.2. Approximation of the precision that can be obtained from a given
number of plots

Data obtained from two participatory inventories conducted in East Kalimantan and Jambi were
used to calculate the number of plots necessary for specified levels of precision. These are listed
in Table D.1, below. The precision that should be obtained for a given number of plots can be
approximated from this table, as illustrated in Example D.3.

Table D.1. The number of plots (of size 10 x 50 metres)
necessary to obtain specified levels of precision
(for a resource with a CV% of 600%: see Note)

Number of plots 9756 4336 2439 1561 1084 796 610
Precision (Sampling error %) 10% 15% 20% 25% 30% 35% 40%

Note: To obtain the values listed in this table, the coefficients of variation
(CV%) of all the resources in both inventories were calculated (See Section
D.3.2 (Step 1) for an explanation of CV%). All resources that had CV%’s
greater than 600% were disregarded, as these resources, which amounted
to 6 out of the total of 29 resources, were either extremely clustered in
distribution or very rare. Data from the most variable of the remaining
resources, a resource that had a CV% of 600%, were used to obtain the
above values.

Example D.3. Approximating the precision for a given number
of plots

In Pohon Besar village, the inventory team approximated that a total of 900
plots could be enumerated under the desired cost limits. Using Table D.1,
the inventory team approximated that the precision or sampling error %
that could be expected for all but the most rare or uneven resources would
be approximately 30-35%.
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D.3. (Optional) Make the calculations necessary for balancing
cost and precision after one week of inventory work

The approximations described above may be very inaccurate if your inventory differs greatly from
the two inventories described above. This is because:

* Each inventory differs in the number of plots that can be established for a given cost (i.e.
a given number of team days). This relationship will depend upon the number of resources
being enumerated, how experienced the inventory teams are, the topography of the
inventory area and the weather conditions.

* Each inventory differs in the number of plots that will be needed for a desired precision,

as this will depend upon how variable the resources are (i.e. how unevenly the resources
are distributed over the inventory area).

For this reason it is recommended that after your first week of work in the field, you use the data
you have just collected to reassess whether the planned number of plots is still likely to achieve
your cost and precision objectives.® These calculations are complicated and for this reason this
step is optional, although recommended.

D.3.1. Reassessment after one week of inventory work of the number of
plots that can be made for a given cost

A more accurate idea of how many plots can be completed per day can be obtained by conducting
the inventory for a week, and then assessing how many plots are being completed, on average,
per team per day, as illustrated in Example D.4. The inventory planners should keep in mind that
the teams are still learning in the first few days, and may well improve their speed later in the
inventory.

Example D.4. Reassessing the number of plots for a given cost

Pohon Besar village had a given cost of 45 team days (15 working days and
3 teams). After 4 days of inventory work, the 3 teams were found to complete
an average of 22 plots per team per day (264 plots). Thus in the 11 working
days that remained, the number of plots that could still be completed were
11 days multiplied by 3 teams multiplied by 22 plots per team per day. This
made 726 plots of size 10 x 50 metres. Since 264 plots were already
completed (4 days x 3 teams x 22 plots), this made a total of 990 plots that
were likely to be completed within the given cost constraints of time and
labour..

D.3.2. Reassessment after one week of inventory work of the precision
obtainable from a given number of plots

This section describes a way of estimating the precision (expressed as the sampling error %) that
can be obtained for a planned number of plots. These calculations can be made after one week of
work in the field, using data from only a small proportion of the planned number of plots. The
procedure to follow in making this reassessment is as follows:

8 Chapter 10 recommends reassessing the cost and precision objectives after one week of

inventory work.
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Step 1.  Select the resource upon which to base the calculation of precision

It is not necessary to calculate the precision of every resource in the inventory. You must select
one resource, and use its data to calculate the precision. The selection of the resource to use for
calculating the precision may be based on either its relative importance or variability. The impor-
tance of a resource is determined subjectively. However, the variability of a resource, in other
words how unevenly it is distributed across the inventory area, is expressed mathematically as the
‘coefficient of variation’ or the CV%. If you decide to base your selection of resource upon its
variability, the procedure for calculating the CV% of the resources in question will be described
later, in Step 3.

In selecting your resource, you may choose from the following options:

* The most important resource. In this case, the resource with the highest priority is selected
and the other resources ignored. This may or may not result in an unacceptably low
precision for the remaining resources.

* The mean variability. Calculate the CV% for each resource, then calculate the mean of all
of CV%’s. Use this mean variability in your calculation of precision. This means that all of
the resources, on average, will have the calculated precision. The problem with this method
is that for some of the resources the resulting precision may be unacceptably low.

* The most variable resource. Calculate the CV% for each resource, then choose the resource
with the highest CV%. This means that the remaining resources will have a precision
higher than that calculated for this resource. The problem with this is that the number of
plots needed to obtain the desired precision for this very variable resource may be so high
that the cost is not affordable.

* The most variable resource once the most rare and uneven resources bave been elim-
inated. Choose a group of resources from the overall list of resource, by using some
criterion of variability (e.g. by eliminating all resources for which fewer than 5 plants were
counted). From this smaller group, choose the resource with the highest coefficient of
variation. The disadvantage is that some resources may be excluded which, although rare,
are very important and for which an adequate precision is wanted.

An example of how to select the resource upon which to base the reassessment is provided in
Example D.5.

Example D.5. Selecting the resource upon which to base the
reassessment

After the first week in the field, the villagers of Pohon Besar village used the
data that they had collected to calculate the CV% of each of the five resources
that they were enumerating in their inventory. These CV%’s ranged from
167% to 603%. The inventory team decided to use the resource with the
highest CV%, which was the ‘seka’ rattan with a CV% of 603%, as the basis
for their reassessment.

Step 2. Compile the inventory data for the selected resource

Next, the inventory data that have been collected for the selected resource should be compiled on
a compilation form, as described in Chapter 17.
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Step 3. Use Calculation Form D.1 to calculate the CV% and the precision for the
selected resource

Calculation Form D.1 at the end of this appendix provides a structure for calculating the preci-
sion (or sampling error %) that can be obtained for a given number of plots. Chapter 17 provides
some general guidelines for using calculation forms. To use the calculation form, complete the
steps on the form as follows:

1, 2,3, 4,5 and 6. Complete Steps 1 to 6 of Calculation Form D.1. These are identical to steps 1
to 6 of Calculation Form 2, which have already been described in Chapter 17. Write these values
in the spaces provided in steps 1 to 6 of Calculation Form D.1.

Calculating the CV%

7. Calculate the degrees of freedom, symbolised by df, by subtracting 1 from the number of
plots that have been established in the first week of inventory work (7). Write the result in
the space provided in step 7 of Calculation Form D.1. To continue Examples D.4 and D.5,
if 264 plots have been established after 4 days, the degrees of freedom is 264 minus 1, or
263. Thus:

7. Degrees of freedom: n-1, df = 263

8. Consulta Student’s ‘¢’ table’ to find the appropriate ‘¢’ value, symbolised by . An acceptable
probability level to use is 0.1 or 90%, although 0.05 or 95% is even better. The degrees of
freedom (df) that is used to look up the ¢ value in the table is equal to the number of plots
minus 1 (z- 1). The ‘¢’ value that you obtain from the table using this probability level and
degrees of freedom should be written in the space provided in step 8. To use the above
example, the number of plots is 264, meaning that there are 263 degrees of freedom. At a
probability level of 0.1 (90%), the appropriate ¢ value in the table in Appendix J is 1.65.
Thus:

8. Student’statP = 0.1: t=1.65

9. Calculate the variance, symbolised by Vy, by dividing the “sum of squared deviations from
the mean,” S5y, by the degrees of freedom, df. Write the result in the space provided in
step 9. As an example, the “sum of squared deviations from the mean,” which is 38,249, is
divided by the degrees of freedom, which is 263. The result is a variance of 145.4. Thus:

SSy

af’

10. Calculate the standard deviation, symbolised by SDy, by calculating the square root of the

variance. Write this value in the space provided in step 10. To get the square root of a
value a mathematical operation is made which is the opposite of squaring a value. For
instance, if the number 3 squared is 9, then the square root of the number 9 is 3. This
calculation is usually written as V9. The best way of making this calculation is by using a
calculator. Press the ‘9’ button on the calculator, then the ‘V’ button; the number ‘3’

should appear on the calculator’s screen. In the example, the square root of the variance,
V145.4 is 12.06. Thus the standard deviation is:

9. Variance: Vy = 1454

10. Standard deviation: Vv, SDy = 12.06

?  Appendix J contains a t-table and explains what it is and bow to use it.
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11.

Calculate the coefficient of variation %, symbolised by CV%, by dividing the standard
deviation, SDy, by the estimated mean, ), and multiplying the result by 100. Write this
answer in the space provided in step 11. Using the example, 12.06 divided by 2.00 and
multiplied by 100 is 603%. Thus,

SDy
11. Coefficient of variation %: 100 x ? , CV% = 603%

Calculating the precision (sampling error %) obtainable for a given number of plots

12.

13.

The planned number of plots for the entire inventory is symbolised by N. The planned
number of plots is not the same as the number of plots which have been established in the
first week of work, which is symbolised by #. You should determine this value from the
cost limits set by the villagers, as described in Section D.3.1. Write this value in the space
provided in step 12. In this example, the villagers have decided that they can establish a
maximum of 990 plots. Thus:

12. Total number of plots obtainable for a given cost: N =990

The sampling error % that is likely to be obtained for the planned number of plots is
symbolised by E%. Calculate this by multiplying the coefficient of variation, CV%, by the
student’s ¢ value, and dividing the result by the square root of the planned number of
plots, N. Write this answer in the space provided in step 13. Using the example, 603
multiplied by 1.65 and divided by V990 is 31.6. Thus:

13. Sampling error % obtainable for CV%xt
total number of plots: VN E% = 31.6%
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Calculation Form D.1

Form for calculating the precision (sampling error %) which is obtainable for a given number of plots

Resource:
1. Sum of the number of plants in all plots: 2y =
2. Number of plots: n=
2y
3. Mean in units of number of plants per plot: o y =
4. Sum of the squared number of plants in all plots: (0% =
z 2
5. Correction for mean: ) =
n
(2p)*
6. Sum of squared deviations from the mean: 205 - . SSy =
Calculating the CV%
7. Degrees of freedom: n-1, df=
8. Student’statP = t=
SSy
9. Variance: —, W=
daf y=___
10. Standard deviation: v VW, SDy =
SDy
11. Coefficient of variation %: 100x —, CV%=
y

Calculating the precision (sampling error%) obtainable for a given number of plots

12. Total number of plots obtainable for a given cost: N =

13. Sampling error % obtainable for total number of plots: CV%xt , E% =

VN




Information and Analyses Needed
for Some Inventory Purposes

Objectives

By the end of this appendix, you should be able to do the following:
E.1. Describe the information and analyses needed for Purposes 1 to 8.°

Introduction

Some of the inventory purposes mentioned in this manual can be achieved using the results of
the inventory alone.! Other purposes cannot be achieved without additional information, some of
which can be gathered in studies described in this manual (i.e. productivity studies, recurrent
inventories), and some of which must come from outside sources or from studies not described
in this manual (i.e. studies of market prices for forest products). Also, for some purposes the
analyses that need to be performed are very simple, and for others the analyses are quite com-
plex and beyond the scope of this manual. This appendix outlines the information and analyses
that are likely to be needed for some inventory purposes, in order to assist you to:

* Determine, in advance of the inventory, whether you and your inventory team have the
resources or capacity to achieve the purpose (i.e. will you be able to gather all of the
necessary information and perform all the necessary analyses), and

* Plan and conduct the follow up activities (i.e. further information gathering and analyses)
necessary to achieve your inventory purpose.

Many inventory purposes other than those mentioned in the manual may be possible. If your
inventory purpose differs from the ones listed in this appendix, it may still help to refer to this
appendix to obtain some idea of the information or analyses that may be needed.

! Box 1.1 of Chapter 1 describes some possible purposes for conducting an inventory.
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E.1. Information and analyses needed for some inventory purposes

PURPOSE 1. Negotiate for tenure or access to an area of forest by showing
which areas are most important to the villagers in terms of the
relative density or quantity of forest resources

Information needed from the inventory

*  You will need to determine the density and/or quantity of forest resources in each of the
smaller areas within the inventory area. If you are estimating quantity, you will also need
to map these smaller areas and calculate their size.

Information needed from further studies described in this manual

* None

Information needed from outside sources or further studies not described in this
manual

* None

Analyses needed

*  You will need to compare smaller areas within the overall inventory area, and rank them in
order of resource density or resource quantity. The best way to display these results may
be with an inventory results map.?

*  You will need to decide whether you want to compare the relative density (i.e. the average
number of plants in one hectare) or quantity (i.e. the total number of plants) of resources
in the smaller areas within the inventory area. The resource density of an area is an impor-
tant factor in determining the area’s importance to a village, but so is the resource quan-
tity which, unlike density, is influenced by the area’s size. For example, the villagers may
want to show that an area is relatively important to the village because it is dense in certain
resources, or because, as it happens to be one of the larger areas near the village, it sup-
plies a large proportion of the overall resource quantity.

Follow up activities needed

* The next action may be for the villagers to decide how to use the inventory results as part
of their negotiation strategy.

2 Chapter 16 explains bow to display relative resource densities or quantities on a map.
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PURPOSE 2. Negotiate for tenure or access to the forest by estimating the
minimum area of forest required to maintain a sufficient sup-
ply of forest products to the village

Information needed from the inventory

*  You will need to determine the density of productive individuals of the forest resources
(divided into any age, size, sex or condition categories that may have an influence on their
productivity) in each of the distinct forest types in the inventory area. You will also need
to map the distinct forest types in the inventory area, and calculate their size.

Information needed from further studies described in this manual

*  You will need to conduct a productivity study, which looks at the productivity of different
ages, sizes, sexes or conditions of forest resources in different forest types. The productiv-
ity study will tell you the approximate quantity of each type of forest product you may
expect to harvest in an average year from the inventory area.’

Information needed from outside sources or further studies not described in this manual

*  You must find out how much of each type of forest product the villagers need in an aver-
age year. You may need to consider possible future changes in demand due to changing
population levels. This manual does not discuss how to gather this type of information.

Analyses needed

* Compare the amount of each type of forest product that is produced within the inventory
area during an average year to the amount that is required by the villagers, to determine
whether the inventory area will be able to provide a sufficient supply.

* If the inventory area cannot provide a sufficient supply of forest products to the village, a
larger inventory area will be needed to supply the average annual needs.

* If the inventory area provides more than a sufficient supply of forest products, a reduced
inventory area will be needed to supply the average annual needs.

Follow up activities needed

* Once the villagers have determined the minimum area that can supply a sufficient amount
of forest products for their needs, the next action may be to decide how to present the
inventory results as part of their negotiation strategy.

> Appendix M describes how to plan, conduct and analyse a productivity stud)y.
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PURPOSE 3. Predict the impact of a development project on the quantity of

forest resources (and possibly their products)

Information needed from the inventory

You will need to determine the quantity of the forest resources in the area that will be
affected by the development project.

(Optional) If you are quantifying the forest products as well as the forest resources, you
will need to determine the density of productive individuals of the forest resources (di-
vided into any age, size, sex or condition categories that may have an influence on their
productivity) in each of the distinct forest types in the area that will be affected by the
development project. You will also need to map the distinct forest types in the area, and
calculate their size.

Information needed from further studies described in this manual

(Optional) If you are quantifying the forest products as well as the forest resources, you
will need to conduct a productivity study, which looks at the productivity of different ages,
sizes, sexes or conditions of forest resources in different forest types. The productivity
study will tell you the approximate quantity of each type of forest product you may expect
to harvest in an average year from the area that will be affected by the development project.*

Information needed from outside sources or further studies not described in this
manual

You may need a map that tells you what area will be affected by the development project,
unless you can predict the area that will be affected from boundary markers in the forest.

Analyses needed

No further analyses will be needed for this inventory purpose.

Follow up activities needed

The next action may be for the villagers to decide how to present the inventory results as
part of discussions about the development project.

4

Appendix M describes how to plan, conduct and analyse a productivity stud)y.
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PURPOSE 4. Assess the actual impact of a development project on the
quantity of forest resources (and possibly their products)

Information needed from the inventory

*  You will need to determine the density and quantity of the forest resources in the area that
is likely to be affected by the development project.

* (Optional) If you are quantifying the forest products as well as the forest resources, you
will need to determine the density of productive individuals of the forest resources (di-
vided into any age, size, sex or condition categories that may have an influence on their
productivity) in each of the distinct forest types in the area that will be affected by the
development project. You will also need to map the distinct forest types in the area, and
calculate their size.

Information needed from further studies described in this manual

* Ifthe development project causes the forest to be completely cleared (i.e. for plantations,
transmigration), you will need to map the area that has been cleared.®

* If the development project affects but does not completely clear the forest (i.e. logging),
you will need to conduct a second inventory, after the development activity, of the same
plots that were enumerated in the first inventory, in order to assess its actual impact.°

* (Optional) If you are quantifying the forest products as well as the forest resources, you
will need to conduct a productivity study, which looks at the productivity of different ages,
sizes, sexes or conditions of forest resources in different forest types. The productivity
study will tell you the approximate quantity of each type of forest product you may expect
to harvest in an average year from the area that will be affected by the development project.”

Information needed from outside sources or further studies not described in this manual

* None

Analyses needed

* Ifthe development project completely clears the forest, you will need to calculate the size
of the area that has been cleared. Use this information to estimate how many of the forest
resources, or possibly their products, have been lost.

* If the development project affects but does not completely clear the forest, you will need
to assess its impact by comparing the results of the second inventory with those of the
first.

Follow up activities needed

* The next action may be for the villagers to decide how to present the inventory results as
part of discussions about the development project.

> Chapter 6 describes how to map an area.
¢ Appendix L describes how to mark plots more permanently, so they can be found again..

7 Appendix M describes how to plan, conduct and analyse a productivity stud)y.
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PURPOSE 5. Conduct an economic evaluation of the forest products in an area

Information needed from the inventory

*  You will need to determine the density of productive individuals of the forest resources
(divided into any age, size, sex or condition categories that may have an influence on their
productivity) in each of the distinct forest types in the inventory area. You will also need
to map the distinct forest types in the inventory area, and calculate their size.

Information needed from further studies described in this manual

*  You will need to conduct a productivity study, which looks at the productivity of different
ages, sizes, sexes or conditions of forest resources in different forest types. The productiv-
ity study will tell you the approximate quantity of each type of forest product you may
expect to harvest in an average year from the inventory area.”

Information needed from outside sources or further studies not described in this manual

*  You will need to find out the market prices of the forest products. This manual does not
discuss how to gather this type of information.

Analyses needed

*  You will need to conduct an economic evaluation of forest products. This manual does
not discuss how to do the necessary analyses.

Follow up activities needed

* The next step will be for the villagers to think of how to present the results of the eco-
nomic evaluation to the people making decisions about the area.
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PURPOSE 6. Plan the location of forest management zones, based on rela-
tive resource density and environmental information.

Information needed from the inventory

* The villagers may want to specify in advance some environmental criteria upon which to
base the zonation of their forest (e.g. angle of the slope, soil type). Or, they may wish to
directly assess the distinct forest types that are in the inventory area at present.

*  You will need to determine the density of forest resources in each of the areas which have
the environmental criteria specified above (and/or the distinct forest types). You will also
need to map these areas (and/or distinct forest types).

Information needed from further studies described in this manual

*  You may want to map the environmental information in more detail .

Information needed from outside sources or further studies not described in this manual

* None

Analyses needed

* None

Follow up activities needed

* The next action will be for the villagers to use the inventory results to plan the location of
forest management zones, and some simple regulations for managing them.

8 Chapter 6 describes bow to make a map.
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PURPOSE 7. Plan a sustainable level of harvesting for specific forest resources

Information needed from the inventory

You will need to determine the density of all individuals of the forest resources (divided
into any age, size, sex or condition categories that may have an influence on their produc-
tivity) in each of the distinct forest types in the inventory area. You will also need to map
the distinct forest types in the inventory area, and calculate their size.

Information needed from further studies described in this manual

You will need to conduct a productivity study, which looks at the productivity of different
ages, sizes, sexes or conditions of forest resources in different forest types. The productiv-
ity study will tell you the approximate quantity of each type of forest product you may
expect to harvest in an average year from the inventory area.’

You will need to conduct a regeneration study. You should also plan to repeat this study
every one to five years.'

Information needed from outside sources or further studies not described in this manual

None

Analyses needed

This manual discusses a very simple way to plan the harvesting level, using a method
described by Peters (1996) as ‘successive approximation’.'® This method cannot immedi-
ately predict a sustainable level of harvesting. Instead, it involves monitoring the impact
of exploitation on the resource population and adjusting the level of harvesting accord-
ingly.

Another method described by Peters (1996) involves the use of matrix models and compu-
ter simulations. This method is more complicated and time consuming, but it can be used
to predict a sustainable harvesting level after a relatively short period of study, compared
to the ‘successive approximation’ method. You should refer to Peters’ manual for further
information on how to use this method of analysis.

Follow up activities needed

The villagers will need to implement, monitor and if necessary modify their plans for
harvesting rotation.

PURPOSE 8. Plan forest management by combining Purposes 6 and 7.

This purpose will need the information and analyses of both Purposes 6 and 7.

®  Appendix M describes how to plan, conduct and analyse a productivity stud)y.

10 Appendix L describes how to plan, conduct and analyse regeneration studies.



Five Features of Maps

Objectives

By the end of this appendix, you should be able to do the following:

F.1. Describe and use the scale,
F.2. Describe the orientation,
F.3. Describe the grid reference and co-ordinates,
F.4. Describe the legend, and
F.5. Describe the date.
Introduction

This appendix discusses five features common to maps:

Scale, which shows the relationship between the distance drawn on the map and the
distance on the ground,

Orientation, which shows the direction of north,

Grid reference and co-ordinates, which describe where the mapped area is located on the
globe,

Legend, which explains what the symbols used on the map mean, and
Date, which states when the map was created.
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F.1. Scale

Scale is the term used to describe the relationship between a distance between two points on a
map and the same distance on the ground. On a ‘large scale’ map it is possible to see an area in
much greater detail than on a ‘small scale’ map. If you need to make a planning map, as described
in Chapter 6, you will have to select the scale that is best for showing your whole inventory area.

There are two ways in which scale is usually expressed on a map. These are by:
* Fraction scale, and

* Graph scale.

F.1.1. Fraction scale

Scale is most commonly expressed on a map as a fraction scale. Some examples of fraction scales
are:

« 1:5 000,
e 1:10 000, or
* 1:250 000.

The number to the left of the symbol ‘:’ represents the distance on the map, and is usually the
number 1. The number to the right of the symbol ‘:’ represents the distance on the ground, and
can be any of a range of numbers. The symbol ‘:’ is used to say that the number on the left (in
other words 1), when drawn on the map, ‘represents’ the number on the right, on the ground.
The two numbers are always of the same unit (e.g. centimetres, millimetres, etc.).

For instance, if a map has a scale of 1:10 000, this means that one centimetre on the map repre-
sents 10 000 centimetres on the ground. As there are 100 centimetres in one metre, 10 000
centimetres on the ground is the same as 100 metres on the ground, so:

e Ascale of 1 centimetre : 10 000 centimetres
is the same as:
e Ascale of 1 centimetre: 100 metres.

Table E1 can be used to express units of distance as millimetres, centimetres, metres or kilo-
metres.

Table F.1. How to express units of area as millimetres,
centimetres, metres or kilometres

km m cm mm
1 kilometre or km = 1 1000 1x10° 1x10°
1 metre or m = 0.001 1 100 1000
1 centimetre orcm = 1x 10° 0.01 1 10

1 millimetre or mm = 1x 10° 0.001 0.1 1
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The fraction scale of a map can be used to calculate the distance on the ground from the distance
on a map. A distance on the map must be measured in centimetres, using a ruler. This number in
centimetres is then multiplied by the number to the right of the colon symbol to get the distance
on the ground. The distance on a map can also be calculated from the distance on the ground
using the fraction scale. A distance on the ground, expressed in centimetres rather than metres,
must be divided by the number to the right of the colon symbol to get the distance on the map.
Example E 1 provides examples of how the fraction scale of a map may be used.

Example F.1. Using the map’s fraction scale to calculate distances
on the ground from distances on the map and vice
versa

In the 1:25 000 scale map depicted in Figure E 1, the distance between the
village and the bridge is 3 centimetres. Since this is 3 times 1 centimetre on
the map, it therefore represents 3 times 25 000 centimetres on the ground.
In other words, 3 centimetres on the map represents 75 000 centimetres
(or 750 metres) on the ground.

If we begin with the distance on the ground the distance measured between
the village and the bridge is 750 metres (or 75 000 centimetres) when
measured on the ground. If this is divided by 25 000 centimetres the result
is 3, thus this distance on the ground will be represented by 3 centimetres
on the map.

F.1.2. Graph scale

Scale can also be expressed by a graph scale (see Figure E1). This looks like a small ruler, usually
printed in the margin of the map. The distances displayed on the graph scale represent the equiva-
lent distance on the ground. Graph scales usually begin at 0, but some extend to the left of 0.
When using graph scales, care should be taken to make sure that your measurements begin at 0.
Example E2 provides examples of how the graph scale is used.

Example F.2. Using the map’s graph scale to calculate distances on
the ground from distances on the map and vice versa

In Figure F 1, the distance between the village and the bridge is 3 centimetres
on the map. This 3 centimetre distance is measured with a ruler and this
distance is compared with the graph scale. The graph scale will show that
this distance on the map is equal to 750 metres on the ground.

If we begin with the distance on the ground, the distance between these
two points is 750 metres when measured on the ground. The 750 metre
point on the graph scale is 3 centimetres from the ‘0’ mark, thus this is the
distance on the map that is used to represent 750 metres on the ground.
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Figure F.1. A 1:25 000 map showing examples of fraction scale,
graph scale, orientation (the north arrow) and symbols.

Graph scales are easy to make from fraction scales. If, for example, the fraction scale is 1:25 000
then 1 cm on the map is the same as 25 000 centimetres (250 metres) on the ground. A line
should be drawn on the map with a ruler and marked with a tick every 1 cm. Next to each tick, the
numbers ‘O m’, ‘250 m’, ‘500 m’, ‘750 m’, and so on should be written.

Graph scales are easier to use if you are changing the scale of the map with a photocopy machine.
If the size of a map is enlarged or reduced, the graph scale will change at the same rate and will
therefore remain accurate. However, if the map only has a fraction scale then a new fraction scale
must be calculated and written on the map after the map has been enlarged or reduced.

F.2. Orientation

The earth rotates on an axis with the North Pole at one end and the South Pole at the other. The
location of the North Pole relative to any other point on the globe provides a standard reference
for orientation. The convention for plotting orientation on a map is to have north pointing
towards the top of the page (see Figure F1).

There are really two north poles on the earth. These are:
* True north, which is located at a fixed point on the globe, and
* Magnetic north, which is located where the magnetic lines of force come together.

True north is close, but not exactly the same, as magnetic north (see Figure F2). The north drawn
on a map is usually true north, which does not move. However, a compass, which is an instru-
ment used to determine orientation, points to magnetic north, which moves slightly every year.
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o Tt
MAGNE TIC A

Figure F.2. True north and magnetic north are not the same. The
difference between the two is called magnetic
declination.

The angle between true north and magnetic north is called the magnetic declination. The decli-
nation varies from place to place, and can be either to the east or west. Most maps have a small
diagram (see Figure FE3) which shows the difference between true north and magnetic north (in
other words the magnetic declination). This is usually shown with two arrows the angle between
them is expressed in degrees. The declination will be smaller the closer to the equator. In
Indonesia the declination is less than 4° and can therefore be ignored in all but the most precise
maps.

Figure F.3. Most accurate maps show the difference between true
north a) and magnetic north b) using a small diagram
to show the declination between the two bearings.
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F.3. Grid reference and co-ordinates

A map’s exact location on the earth is described using the co-ordinates of a grid reference. A grid
reference is based on imaginary grid lines, some of which run horizontally from east to west
around the globe and others which run vertically from north to south (see Figure E4). The exact
position of every point on the globe can be identified by knowing its position along these hori-
zontal and vertical lines. This position is called its co-ordinates.

B

Figure F.4. Maps with latitude and longitude or UTM use a grid
system to locate the exact position of every point on
the globe.

There are several types of grid reference used. Among the most common are:
* Latitude and longitude, and

* Universal transverse mercator (or UTM).

F.3.1. The latitude and longitude

The most popular grid reference is latitude and longitude. Latitude refers to the horizontal east-
west lines, and longitude to the vertical north-south lines. The lines of latitude and longitude are
numbered in degrees, minutes and seconds. Degrees of latitude are measured 0° to 90° north
and south from the equator, which is a line that travels around the globe exactly halfway between
the north and south poles. Degrees of longitude are measured 0° to 180° east and west of the
prime meridian that is a line that passes through Greenwich, England. Longitude lines are aligned
with true north. Further subdivisions, measured in minutes and seconds, are numbered from 0
to 60. Every point on the planet can be identified by its co-ordinates where the latitude and
longitude lines cross. An example of a point in Kalimantan might be a longitude of 117°45'10"E
(117 degrees, 45 minutes and 15 seconds east of the meridian) and a latitude of 02°35'10"N (2
degrees, 35 minutes and 10 seconds north of the equator).

F.3.2. The universal transverse mercator (UTM)

An alternative, although not so common, grid is the Universal transverse mercator (UTM). A UTM
grid, like a latitude and longitude grid, has lines running from north to south and east to west.
However, the north lines on a UTM grid represent a third type of north called grid north. UTM
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uses a metric numbering system and works in sequences of 10’s and 100’s. Numbers in the
margin are written as ‘10°°”’. Because UTM uses a metric grid system it is less complicated to use
than the latitude and longitude system.

Understanding the map grid system will help in ordering maps, aerial photographs and radar or
satellite imagery from the organisations which distribute them, if the co-ordinates required can be
determined for your inventory area.

F.4. Legend

The legend is used to explain the symbols on the map. Symbols are small diagrams, lines or
shaded areas (see Figure F5) used to represent natural and man-made features, such as build-
ings, boundaries, rivers, roads, swamps, forest resources and different types of land or forest use.
Although the meaning of some symbols may be obvious, there will be others that are not. It is
important to include all symbols and their meaning in a legend so that a person who was not
involved with making the map can look at the legend and understand the information being
displayed by the map.

LEGEND
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A | ek HoNEY TREE
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Figure E5. Symbols are often used on maps to represent features
on the ground. A legend is used to explain the
meaning of these symbols.

The symbols shown on a map will vary greatly in appearance, depending primarily on the type of
map. However, some symbols are standard. For example, a north arrow shows orientation. Also,
major roads are usually depicted with solid lines, while smaller roads are shown with a dotted or
dashed line.

Symbols drawn on maps are usually not drawn to scale. Roads and paths are usually given stand-
ard widths to match the type of track rather than their exact measurements. Rivers and streams
are similarly standardised.

F.5. Date

Although some information on a map is unlikely to change, such as the location of a river or
mountain, other information may be changing at a much more rapid rate, such as the pattern of
land use around a village. The date at which the map was made should be written on the map to
show at what time the information displayed on the map was current.



Scale Maps, Aerial Photographs
and Radar Images

Objectives

By the end of this appendix, you should be able to do the following:
G.1. Explain what scale maps, aerial photographs and radar images are, and

G.2. Obtain all available scale maps, aerial photographs and radar images of your inventory
area.

Introduction

Early in the planning stages of the inventory, you should try to obtain all available scale maps,
aerial photographs and radar images that cover your inventory area. These maps, photographs
and images will all provide you with valuable information about your area, which you will need for
planning and conducting the inventory, and for calculating the final results. You may be lucky
enough to find a scale map that you can use directly as a planning map. However, in most cases,
you will have to copy, modify and build upon whatever maps, photographs and images you can
find in order to make your own planning map, or failing that, make your map by ground surveying.
This appendix explains what scale maps, aerial photographs and radar images are. It also
describes how to try to obtain them.
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G.1. What are scale maps, aerial photographs and radar images?

There are a number of different types of map and remote sensing imagery (this is a term used to
describe photographs and images of the ground that have been taken from the air in a balloon,
aeroplane or satellite). Each provides spatial information about an area, in other words, informa-
tion about how an area’s features are positioned in relation to one another. At the same time,
each differs in the type of information that they display. This is partly due to the different tech-
nologies used to make them. It is also partly due to the purpose for which they were made, as the
people making them will have made decisions about what information to include and what to
leave out.

The remainder of this section describes some types of maps and remote sensing imagery, includ-
ing:

* Scale maps,

* Aerial photographs, and

* Radar images.

The advantages and disadvantages of each for use in making a planning map are also discussed.

G.1.1. Scale maps

A scale map is any map that displays a scale.! Some important types of scale maps include:
* Land survey maps,
* Topographic maps, and

* Other scale maps.

Land survey maps

Land survey maps are produced by surveying an area of ground.>? These maps provide informa-
tion about the location of surveyed features such as rivers, roads, or ridges.

The advantage of using land survey maps is that they:

* Contain accurate information about the features that have been surveyed, such as rivers,
roads and ridges.

The disadvantage of using land survey maps is that they:

* May not contain detailed information about an area (i.e. smaller streams or ridges), as
surveying every feature in an area takes a lot of time.

Topographic maps

Topographic maps contain contour lines which give a three dimensional appearance to a map.
These maps are copied from aerial photographs using special visual equipment that enables the
person doing the copying to see the photographs in three dimensions. Other information can
also be added to these maps.

1 Appendix F describes five important features of maps, including scale.

2 Chapter 6 describes how to make a land survey map.
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The advantages of using topographic maps are that they:
* Contain information about the topography of an area, and

* Are understood and used by professional people (like foresters and other government
planners).

The disadvantage of using topographic maps is that they:

* Require some training for non-professional people in how to understand and use them.

Other scale maps

Other scale maps are produced by copying information from aerial photographs, radar and satel-
lite images.
The advantage of these maps is that they:
* Remove unnecessary information from the original photographs or images.
The disadvantages of these maps are that they:
* Rely on the original photograph or image being accurate, and

* Vary in accuracy depending upon the skill with which they are interpreted.

G.1.2. Aerial photographs

An aerial photograph is a coloured or a black and white photograph taken from a balloon or
aeroplane. Because the photo is taken at a fixed distance above the ground it is possible to
calculate the scale of the photograph. The plane will also be following a known bearing, often
along the latitudinal or longitudinal grid lines, which means that the orientation and co-ordinates
of the map are also known. Thus an aerial photograph will usually contain most of the basic
features of a scale map. Like a radar image, described below, an aerial photograph displays the
topography of the land as well as different land uses. It also shows some features which radar
images do not, such as rock formations or rapids.

The advantage of using aerial photographs is that they:

* Give an accurate overall perspective of an area, including the topography and the location
of rivers, ridges, different land uses and other natural and man-made features.

The disadvantages of using aerial photographs are that they:
* Are often difficult or expensive to obtain,
* May be out of date,
* Require some training in understanding and interpreting them, and

* May become stretched towards the edges because of the shape of the camera lens, although
modern aerial photography equipment often compensates for this distortion.

G.1.3. Radar images

A radar image, or radar map as it is often called, shows a black and white image of the ground. As
with an aerial photograph, a radar image is taken from an aeroplane. However, unlike an aerial
photograph, a radar image is taken using radar wave equipment that can take these images even
on cloudy days. A radar image has scale, orientation and co-ordinates, as does a scale map.
Compared to an aerial photograph, the shape of the land is more obvious, but some man-made
features are more difficult to determine because of the lack of colour.
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The advantage of using radar images is that they:

Give an accurate overall perspective of an area, including the topography and the location
of rivers, ridges, different land uses and other natural and man-made features.

The disadvantages of using radar images are that they:

G.2.

Are often difficult or expensive to obtain,
May be out of date,

Require some training in understanding and interpreting them as features are often not
obvious from the image, and

Have areas of darkness or shadows, which have been missed due to the angle at which the
radar equipment was set to take the image.

How to find scale maps, aerial photographs and radar images

Some sources of maps, photographs and images include:

Government organisations,

Forestry companies or other companies,
Development agencies and projects,
Universities, and

Non-governmental organisations.

These are each described below.

G.2.1.

Government

In Indonesia, a large number of government departments produce maps on the national, regional
and district level. Some of these government bodies include:

BAKOSURTANAL (the Co-ordinating Agency for Surveys and Mapping, Ministry of Research
and Technology), based in Bogor, Java. BAKOSURTANAL produces a number of detailed,
large scale topographic maps. These are available through order. Aerial photographs and
radar images are also available, but you must first obtain security clearance.

Address: BAKOSURTANAL, JIn Raya Jakarta, Bogor Km 46, #82062 - 67, Cibinong, Bogor.
BAPPEDA (Agency for Planning Regional Development) will often have, or have access to,
maps at the provincial (TK 1) and district (TK 2) level. BAPPEDA has good quality maps of
some areas, but their coverage is not extensive.

Addlress: A BAPPEDA office will usually be located in the provincial or district capital.
JANTOP TNI-AD (the army mapping unit) also produces topographic maps.
Address: JANTOP, JIn. Gunung Sahari 90, Jakarta Pusat, Jakarta, Java.

Scale maps, aerial photographs and radar images may also be available from other government
agencies, including forestry, agricultural and transmigration departments at the national, regional
and district level. However, they may not be willing to share this information.
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In theory anybody can apply for maps, photographs or images through official government bod-
ies. The procedure for applying is to write a letter to the government organisation, describing
what type of map is required and how the map will be used. However, before applying for certain
maps (usually maps or imagery that have been taken from an aeroplane) it will be necessary to
apply for security clearance from:

* PUSURTA ABRI (the military centre for surveys and mapping)

Address: J1. Dr Wahidin I/II, Jakarta Pusat, Jakarta, Java

G.2.2. Forestry companies or other companies

If forestry companies are working in a specific area of forest they will usually have good quality,
detailed maps of the area. Other companies working in the area, such as agribusinesses or mining
companies, should also have maps. It might be worth trying to ask a local office to lend or give
you a map.

G.2.3. Development agencies

If foreign development agencies, such as DFID, CIDA, USAID, EEC or GTZ, are working in your
area, they may also have maps or know how to obtain them.

G.2.4. Universities

Geography, geology, forestry and agriculture departments in universities may also have maps or
know how to obtain them. This is most likely if the department has being doing any work in the
area for which the map is wanted.

G.2.5. Non governmental organisations

Small local non governmental organisations (NGOs) and larger national and international NGOs
may also have maps or know how to obtain them. In Indonesia there is a national network for
NGO’s interested in mapping. They are:

* JKPP (Network for Participatory Mapping)

Addpress: Jalan Citarum B XI/12, Bogor 16152, Java



Surveying Techniques

Objectives

By the end of this appendix, you should be able to do the following:
H.1. Measure horizontal distance, and
H.2. Determine direction with a compass.

Introduction

This appendix describes two important techniques used for ground surveying as well as for es-
tablishing inventory lines. These techniques are how to measure horizontal distance and how to
determine direction using a compass.
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H.1. Measuring horizontal distance

When you look at any map the distance between two points is measured as the horizontal dis-
tance. In other words, the distance between these two points is as if they were on level ground.
If the ground between the two points is actually very hilly, the distance travelled walking up and
down these hills between the two points will be much further than the horizontal distance be-
tween the same points (see Figure H.1). The distance that is walked along the ground is called the
slope distance.

In participatory inventory the horizontal distance is used to measure all distances between points
on the ground. This is because of the relationship between maps and inventories. Maps are used
to plan inventories. Sometimes information gathered while conducting inventories is used to
improve the maps. If horizontal distances are measured on the ground, rather than slope dis-
tances, they will correspond more consistently to the horizontal distances on the maps. Thus
using horizontal distances on the ground makes inventories more accurate as well as better able
to improve the content of the maps.

HORJZONTAL DISTANCE

Figure H.1. During participatory inventory and mapping most
measurements of distance use horizontal distance.

If the ground is level then the horizontal distance can be measured directly between two points,
making sure that these points are an equal height from the ground. However, if there is a slope,
there are two methods that can be used to measure horizontal distance:

* Measuring horizontal distance by holding the rope or tape level, or

* Determining horizontal distance from measurements of the angle of the slope and the
slope distance.

H.1.1. Measuring horizontal distance by holding the rope or tape level

This method varies with the steepness of the slope:

* Ifthe slope is not too steep, then the people at either end of the nylon rope or metre tape
which is being used to measure the distance must hold it level by raising or lowering their
end of the rope or tape (see Figure H.2).
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Figure H.2. If a slope is not too steep, the horizontal distance can
be measured by raising or lowering the end of the
measuring rope until it is horizontal.

* Ifthe slope is very steep, and if you are establishing the inventory linel in 10 metre subplot
segments,’' then step chaining may be necessary (see Figure H.3). In step chaining the 10
metre horizontal distance is broken into steps of smaller horizontal distances (two steps
of five metres, or more steps of even smaller distances if the slope is very steep). The
compass bearer and rope person measure horizontal distances over ‘steps’ at which it is
still possible to hold the rope or tape measure level. A full subplot length has been measured
when these smaller ‘steps’ of horizontal distance add together to a total length of 10 metres.

[0 MeTRES
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Figure H.3. Step chaining is used to measure a horizontal distance
in steep terrain.

L Chapter 13 discusses establishing the inventory line.



296 Participatory Inventory - A Field Manual Written with Special Reference to Indonesia

H.1.2. Determining horizontal distance from measurements of the angle of
the slope and the slope distance

The horizontal distance can also be determined from measurements of the angle of the slope and
the slope distance. You must do this in two steps:
1. Measure the angle of the slope.
2. Measure the slope distance and look both measurements up in a slope table to determine
the approximate horizontal distance.

Both of these steps are described below.

Measuring the angle of the slope

The angle of the slope is the incline angle of the slope plane from the horizontal plane (see Figure
H.4). Some instruments do not measure the angle of the slope directly but measure the percent-
age of the slope instead. The percentage of the slope is the ratio of the vertical distance to the
horizontal distance, expressed as a percentage. The percentage can be converted to the angle
using the first two columns of Table H. 1 at the end of this appendix.

Zqo ZANC(\,E OF THE SLOPE)
HORIZONTAL P LANE

Figure H.4. The angle of the slope.

There are several instruments that can be used to measure the angle or percentage of the slope.
These are described below:

* Clinometer. A clinometer has a dial that is similar in appearance to a compass, with degrees
marked out along its rim. However, whereas the compass dial rotates on a horizontal
plane, the clinometer dial rotates on a vertical plane (see Figure H.5). The clinometer
user looks through a viewing hole and sights on an object further up or down the slope.
This object should be at the same height from the ground as the clinometer (it helps to use
points at identical heights on two sighting sticks for this). Often both the angle and the
percentage of the slope can be read from a clinometer dial.
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Figure H.5. A compass dial a) rotates on a horizontal plane whereas
a clinometer dial b) rotates on a vertical plane.

Compass with slope needle. Some compasses have a slope needle set into them that act
the same as a clinometer. To read a slope needle the user holds the compass on its side
(see Figure H.0) so that the long edge of the compass base plate follows the angle of the
slope. The angle of the slope can then be read from the dial.

Figure H.6. Some compasses have a slope needle that can be used
for measuring the angle of a slope.

Homemade slope measuring tool. To make this tool, cut out a piece of cardboard in the
shape of a quarter of a circle. Using a protractor, draw marks representing 0° to 90° on its
rim (see Figure H.7). This tool should then be held at eye level in a vertical position, with
the 90 mark facing upwards. This vertical position can be estimated by lining the tool up
against an erect tree. While keeping the tool in this position, read the angle of the slope.
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Figure H.7. A tool made from cardboard can also be used to
measure the angle of a slope.

Consulting a slope table

After determining the angle of the slope, you should look it up in one of two slope tables at the
end of this appendix (Tables H.1 and H.2). The table to use will depend upon whether you are
ground surveying or establishing an inventory line:

If you are making a map by ground surveying, you will need to use Table H.1. When
making a traverse from point A to point B, measure the slope distance as well as the angle
of the slope.? Look up the intersection of these two measurements in Table H. 1 to determine
the horizontal distance between point A and point B. You will notice that Table H.1 only
gives you horizontal distances for slope distances that are between 10 to 50 metres and
are some multiple of two (e.g. 10, 12, 14, ..., 50). If your slope distance is some other
value, you can still estimate the horizontal distance corresponding to it by following these
steps:

1. Find the slope distance in Table H. 1 that is closest to your slope distance value.

2. Find the horizontal distance that corresponds to this slope distance and your angle of
the slope.

3. Subtract the horizontal distance found in step 2 from the slope distance found in step 1
to find the correction used.

4. Subtract that same correction from your slope distance value to obtain the horizontal
distance that corresponds to your slope distance value.

An example is given in Example H. 1.

2 Chapter 6 describes making a map by ground surveying.

3 Chapter 13 describes establishing the inventory line.
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Example H.1.  Determining the horizontal distance that
corresponds to a slope distance not found in Table
H.1.

A survey team measured a slope distance of 36.4 metres and an angle of the
slope of 23 degrees. They determined the horizontal distance as follows:

1. The slope distance in Table H.1 that was closest to their slope distance
was 36 m.

2. The horizontal distance that corresponded to 36 metres in Table H.1 (at
23 degrees) was 33.1 metres.

3. The correction was 36 - 33.1 = 2.9 metres.

4. The horizontal distance that corresponds to the team’s slope distance
was therefore 36.4 - 2.9 = 33.5 metres.

* Ifyou are establishing an inventory line in 10 metre subplot segments,> you will need to
use Table H.2. Establish a subplot segment of approximately 10 metres and measure the
angle of the slope. Look up this reading in the field in 7able H.2 to determine the slope
distance. The compass person and the rope person should then measure out this exact
distance between subplot markers in order to obtain a horizontal distance of 10 metres.

H.2. Measuring direction with a compass

H.2.1. What is a compass?

A compass is a tool that provides a quick and accurate means of determining where north is. This
has several uses. It enables the person using the compass:

* To move accurately in any direction that he or she has selected from a map (this is called
following a bearing), and

* To determine the direction of other features in relation to his or her own position (this is
called taking a bearing to a feature).

Both of these skills will be explained later.

A compass works by means of a magnetised ‘needle’, which is a small, thin strip of metal balanced
inside an oil filled capsule (see Figure H.8). The needle is free to rotate on a pin in response to
the Earth’s magnetism. This means that it always points to the magnetic north. The oil filled
capsule is mounted on a base plate on which the compass user can rotate it. The capsule will
usually have an orientating arrow and parallel lines marked on the bottom side, below the needle.

4 Chapter 5 discusses the type of compass that you will need for participatory inventory.
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Figure H.8. A mirror hand held compass, with a) a magnetised
needle, which is balanced inside b) an oil filled
capsule, which is mounted on c) a base plate.

The outer rim of the capsule is called the compass dial, and is marked with a series of numbers
representing degrees (Figure H.9). These go from 0° (north) clockwise past 90° (east), 180° (south),
270° (west), and back to 0° again (which is also 360°). Smaller ticks mark every 2 or 5 degrees.

Figure H.9. The outer rim of the compass dial is marked with a series
of numbers representing degrees. North is represented
by 0°, east by 90°, south by 180° and west by 270°.

You may have a compass which is different from the compasses depicted in the figures. There are
many different types of compasses, but the basic principles behind how they work is the same.*

H.2.2. Holding the compass

Some general guidelines for holding a compass are as follows:

* The base plate must be held level so that the magnetic needle can turn freely. Special care

needs to be taken when sighting up or down a slope, as the compass user is more likely to
hold the compass at an angle.

* Because a compass works using the earth’s magnetism it is very sensitive to other magnets
and metal objects. The compass should be kept at least three metres away from parangs,
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wire fences, or vehicles. The people using the compass should not have a parang either in
their hands or on their bodies. Special care needs to be taken with strong magnets (for
instance radio speakers) because they can actually damage the compass if they come too
close.

* The compass user should always try to hold the compass in the same hand and in as close
to the same position as is practical each time. He or she should also look through the

compass with the same eye. This will standardise the bearings, or directions, taken with
the compass by that user.

The way to hold a compass will also depend upon the type of compass being used, as described
below.

Simple hand held compasses

This compass is usually held at stomach height and close to the body so that you can look down
onto the compass. This position helps to ensure that the compass is held level and that the true
relationship of the needle to the markings on the capsule is seen.

While holding the compass in this position, you must imagine a line extending exactly straight out
from the sighting line on the compass (see Figure H.10). You will use this extended sighting line
to follow a bearing or take a bearing on some feature.

Figure H.10. When using a compass to take or follow a bearing you
must imagine a line extending directly forward from
the sighting arrow of the compass.

Mirror hand held compasses

This compass should be held at arm’s length and at eye level (Figure H.11). With a mirror com-
pass, the bearing is followed or taken by reading the reflection of the compass dial in the mirror
and not the compass dial itself. You should adjust the angle of the cover of the compass, in which
the mirror is housed, so that the reflection of the top of the compass dial can be seen clearly in the
mirror (see Figure H.12). When sighting up or down a hill, you can raise or lower the angle of the
mirror in order to see better up or down the slope.



302 Participatory Inventory - A Field Manual Written with Special Reference to Indonesia

Figure H.11. A mirror compass should be held at arms length and
at eye level.

Look through the ‘v’ shaped sight found on top of the cover of the compass, as you would look

through the sights of a gun. The line from your eye through the sight is called the sighting line.
This will be used to follow or take a bearing.

Figure H.12. When taking a bearing with or following a bearing
with a mirror compass, you should hold the compass
at eye level and read the bearing in the mirror’s
reflection.
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H.2.3. Using a compass

Taking a bearing from a map

It is possible to determine the direction, or bearing, from one point on a map to another using a
compass (or protractor) and a map. The steps required are described below:

1. Draw a line in pencil on the map, between the two points of interest.

2. Place the compass on the map so that the long edge of the base plate lies along the pencil
line (Figure H.13). If using a protractor, place it so that the centre point of the protractor
lies on the pencil line.

3. Keeping the compass in this position, turn the dial so that the meridian lines in the centre
of the dial are exactly parallel with any meridian lines (north-south) on the map (see
Figure H.13). If the map has no meridian lines make a meridian line with a ruler and
pencil, by drawing a line across the map parallel with the north arrow. The magnetic
needle plays no part during this process of aligning the meridian lines. If using a protractor,
rotate it on the map (keeping its centre point on the drawn line) until the axis from the 0°
point to the 180° point on the rim of the protractor is parallel to any meridian lines on the
map.

4. Look for and write down the degree reading found on the outer rim of the compass dial or
protractor that is aligned with the line drawn in pencil. If your inventory work team will
be walking from point A to B in the field, make sure the bearing read on the map is from
the perspective of point A to B and not from point B to A. If you have read the bearing
from B to A, you can calculate the opposite bearing from A to B as described below.
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Figure H.13. A compass can be used to take a bearing from a map.
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Calculating the opposite or perpendicular bearings of a bearing

Once a bearing has been taken from a map, it is often useful to calculate the opposite and perpen-
dicular directions of this bearing. This is because, for example:

* Two teams might decide to walk to the same starting point and work in opposite directions
along an inventory line, or

* A team might need to walk in a direction that is at right angles (i.e. perpendicular) to
another line.

These bearings can be worked out by understanding their relationship to the original bearing of
aline. One direction is opposite to another if there is a 180° difference between the two bearings.
To use a simple example, the opposite of the north bearing, or 0° is the south bearing, or 180°.

The mathematics of adding and subtracting 180° complicated by the fact that if the result is higher
than 360° it begins again at 0°. Thus determining the opposite direction of the original bearing
will depend upon what the original bearing is:

* If the original bearing is less than (or equal to) 180°, add 180° to the bearing, and
* If the original bearing is greater than (or equal to) 180°, subtract 180° from the bearing.

Bearings at right angles to the original bearing are 90° more than and 90° less than the original
bearing. Thus the line at right angles to the north-south line should have the east bearing, or 90°,
or its opposite direction the west bearing, or 270°.

As with determining the opposite bearing, determining the perpendicular directions of the origi-
nal bearing will depend upon what the original bearing is:

* If the original bearing is greater than or equal to 90°, add 90° and 270° to the bearing,

* If the original bearing is between 90° and 270°, add 90° to the bearing and subtract 90°
from the bearing, and

* if the original bearing is greater than or equal to 270° subtract 90° and 270° from the
bearing.

An example is provided in Example H.2.

Example H.2. Calculating the opposite and perpendicular
directions of the original bearing

In this example the original bearing is 210°:

Opposite direction: As the original bearing is greater than 180°, the opposite
direction must be calculated by subtracting 180° from 210°, which gives a
result of 30°.

Perpendicular directions: As the original bearing is between 90° and 270°,
the perpendicular directions must be calculated by adding 90° to 210°, which
gives a result of 300°, and subtracting 90° from 210°, which gives a result of
120°.
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Following a bearing in the field

Following a bearing in the field means that the compass user walks a straight line in the field using
the compass to keep to a predetermined direction. During participatory inventory, inventory
teams follow bearings in the forest that they have previously determined from a map.

To follow a bearing, you should rotate the compass dial until the desired degree reading is aligned
against the indicator mark at the top of the compass. Figure H.14 shows a compass dial that has
been rotated to follow a bearing of 80°. Hold the compass in the correct position and pivot
yourself and the compass together until the orientating arrow is lined up with the magnetic nee-
dle and the north-pointing end of the needle is between the orientating marks. The sighting line,
or the sight on top of the cover of the compass, should now face in the desired direction or
bearing.

Figure H.14. The compass dial must first be rotated to the desired
bearing

When following a compass bearing in the field, it is often easiest to look for an object that is in line
with the sighting line, then walk directly to that object, rather than try to walk while reading the
compass continually. Sight on a distant object and a close object and keep them aligned when
walking. To make it even easier to follow a bearing, another person can hold a sighting stick
specifically for the purpose of helping you to take a bearing. You can direct this person to move
the stick to the left or the right until it is properly aligned with the sighting line. Using a sighting
stick is more accurate but takes more time.

Taking a bearing of a feature in the field

Sometimes the compass is used to take a bearing from the point where the compass bearer is
standing to another feature. This method is used a lot when making a map. To sight on a feature,
you must hold the compass in the correct way and point it directly at the feature. This feature may
be a natural feature such as a mountain, or a sighting stick such as is used when surveying. Align
the compass dial with the magnetic needle such that the north-pointing end of the needle is
between the orientating marks. Read the number on the outer rim of the compass dial that is
aligned with the indicator mark. This is the bearing from the compass to the feature.
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Table H.1. Slope table for determining horizontal distance
when making a map by ground surveying

Slope distance (metres)
0 12 14 16 18 20 22 24 26 28

% of slope  Angle of slope Horizontal distance (metres)

2 1 10.0 120 14.0 16.0 18.0 20.0 220 24.0 26.0 28.0

3 2 10.0 120 14.0 16.0 18.0 20.0 220 24.0 26.0 28.0

5 3 10.0 120 14.0 16.0 18.0 20.0 220 24.0 26.0 28.0

7 4 10.0 120 14.0 16.0 18.0 200 219 239 259 279

9 5 10.0 12.0 139 159 179 199 219 239 259 279
11 6 99 119 139 159 179 199 219 239 259 27.8
12 7 99 119 139 159 179 199 218 23.8 258 27.8
14 8 99 119 139 158 178 198 21.8 23.8 257 277
16 9 99 119 138 158 178 198 21.7 23.7 257 27.7
18 10 98 118 138 158 17.7 197 217 236 256 27.6
19 11 98 11.8 13.7 157 17.7 196 216 23.6 255 275
21 12 9.8 117 137 157 176 196 215 235 254 274
23 13 9.7 117 136 156 175 195 214 234 253 273
25 14 9.7 116 13.6 155 175 194 213 233 252 27.2
27 15 9.7 116 135 1565 174 193 213 232 251 270
29 16 96 115 135 154 173 192 211 231 25.0 26.9
31 17 96 115 134 153 172 191 210 23.0 249 26.8
32 18 95 114 133 152 171 19.0 209 228 247 26.6
34 19 95 113 132 151 17.0 189 208 227 246 26.5
36 20 94 113 132 15.0 169 18.8 20.7 226 244 26.3
38 21 93 112 131 149 168 187 205 224 243 26.1
40 22 93 111 13.0 148 16.7 185 204 223 241 26.0
42 23 9.2 11.0 129 147 166 184 203 221 239 258
45 24 91 11.0 128 146 164 183 201 219 238 256
47 25 91 109 127 145 163 181 199 218 236 254
49 26 9.0 108 12,6 144 162 18.0 198 216 234 252
51 27 89 107 125 143 160 178 19.6 214 232 249
53 28 8.8 106 124 141 159 177 194 212 23.0 247
55 29 8.7 105 122 14.0 157 175 192 21.0 227 245
58 30 8.7 104 121 139 1566 173 191 20.8 225 242
60 31 86 103 12.0 13.7 154 171 189 20.6 223 24.0
62 32 85 102 119 136 153 170 187 204 220 237
65 33 84 101 117 134 151 168 185 201 21.8 235
67 34 83 99 116 133 149 166 182 199 216 232
70 35 82 98 115 131 147 164 18.0 19.7 213 229
73 36 81 97 113 129 146 162 178 194 21.0 227
75 37 80 96 112 128 144 160 176 19.2 20.8 224
78 38 79 95 11.0 126 142 158 173 189 205 221
81 39 78 93 109 124 140 155 171 187 202 21.8
84 40 7.7 92 107 123 138 153 169 184 19.9 214
87 4 75 91 106 121 136 151 16.6 181 19.6 21.1
90 42 74 89 104 119 134 149 163 17.8 19.3 20.8
93 43 73 88 102 117 132 146 161 176 19.0 205
97 44 72 86 101 115 129 144 158 173 18.7 20.1
100 45 71 85 99 113 127 141 156 17.0 184 19.8
104 46 69 83 97 111 125 139 153 16.7 181 195
107 47 6.8 82 95 109 123 136 150 164 17.7 19.1
111 48 6.7 80 94 107 120 134 147 161 174 187
115 49 66 79 92 105 118 131 144 157 171 184
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Table H.1. Continued

Slope distance (metres)
30 32 34 3 38 40 42 44 46 48 50

Angle of
% of slope slope Horizontal distance (metres)

2 1 30.0 32.0 34.0 36.0 38.0 40.0 42.0 44.0 46.0 48.0 50.0
3 2 30.0 32.0 34.0 36.0 38.0 40.0 42.0 44.0 46.0 48.0 50.0
5 3 30.0 32.0 34.0 36.0 379 39.9 419 439 459 479 499

7 4 299 319 33.9 359 379 39.9 419 439 459 479 499

9 5 299 319 339 359 379 39.8 418 43.8 458 47.8 49.8
1 6 29.8 31.8 33.8 358 37.8 39.8 418 43.8 457 47.7 497
12 7 29.8 318 33.7 357 377 39.7 417 437 457 476 49.6
14 8 29.7 317 33.7 356 376 39.6 416 43.6 456 475 495
16 9 29.6 316 33.6 356 375 39.5 415 435 454 474 494
18 10 295 315 335 355 374 394 414 433 453 473 49.2
19 1 29.4 314 334 353 373 393 412 432 452 471 491
21 12 293 31.3 333 352 37.2 39.1 411 43.0 45.0 47.0 48.9
23 13 29.2 312 331 351 37.0 39.0 409 429 448 46.8 48.7
25 14 291 310 33.0 349 36.9 388 40.8 427 446 46.6 48.5
27 15 29.0 309 32.8 348 36.7 38.6 40.6 425 444 464 48.3
29 16 28.8 30.8 32.7 346 36.5 385 404 423 442 46.1 481
31 17 287 306 325 344 36.3 383 402 421 440 459 47.8
32 18 285 304 323 342 36.1 38.0 399 41.8 437 457 476
34 19 284 303 321 340 359 37.8 39.7 41.6 435 454 473
36 20 28.2 30.1 319 338 357 376 395 413 432 451 47.0
38 21 28.0 299 31.7 33.6 355 37.3 39.2 411 429 448 46.7
40 22 278 29.7 315 334 352 371 38.9 40.8 427 445 46.4
42 23 276 295 313 33.1 35.0 36.8 38.7 40.5 423 44.2 46.0
45 24 274 292 311 329 347 365 384 40.2 420 43.9 457
47 25 272 29.0 30.8 326 34.4 36.3 38.1 39.9 417 435 453
49 26 27.0 28.8 30.6 324 34.2 36.0 37.7 39.5 413 43.1 449
51 27 267 285 303 321 33.9 356 374 39.2 410 428 446
53 28 265 28.3 30.0 31.8 33.6 353 37.1 388 40.6 424 441
55 29 262 28.0 29.7 315 33.2 350 36.7 385 40.2 42.0 43.7
58 30 26.0 27.7 294 312 329 346 364 381 39.8 41.6 433
60 31 257 274 291 309 326 343 36.0 377 394 411 429
62 32 254 271 288 30.5 322 339 356 373 39.0 40.7 424
65 33 252 26.8 285 30.2 319 335 352 369 38.6 40.3 419
67 34 249 265 282 29.8 315 332 34.8 365 38.1 39.8 415
70 35 246 26.2 279 295 311 328 344 36.0 37.7 39.3 41.0
73 36 243 259 275 291 30.7 324 34.0 356 37.2 38.8 405
75 37 240 256 272 28.8 30.3 319 335 351 36.7 383 399
78 38 236 252 268 284 299 315 331 347 36.2 37.8 394
81 39 233 249 264 28.0 295 311 326 342 357 37.3 389
84 40 23.0 245 26.0 27.6 291 306 322 337 352 36.8 383
87 41 226 242 257 272 287 30.2 317 332 347 36.2 377
90 42 223 238 253 26.8 282 29.7 31.2 327 342 357 372
93 43 219 234 249 263 278 293 30.7 322 33.6 351 36.6
97 4 216 23.0 245 259 273 28.8 30.2 317 33.1 345 36.0
100 45 212 226 240 255 269 283 29.7 311 325 339 354
104 46  20.8 222 236 25.0 26.4 27.8 29.2 306 32.0 33.3 347
107 47 205 218 232 246 259 273 28.6 30.0 314 327 34.1
111 48 201 214 228 241 254 268 281 294 30.8 321 335
115 49 197 21.0 223 23.6 249 262 276 289 30.2 315 328
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Table H.2. Slope table for determining the slope distance to
measure on the ground for a horizontal distance
of 10 metres

Percentage (%) of slope Angle of slope Slope distance

2 1 10.00

3 2 10.01

5 3 10.01

7 4 10.02

9 5 10.04
11 6 10.06
12 7 10.08
14 8 10.10
16 9 10.12
18 10 10.15
19 11 10.19
21 12 10.22
23 13 10.26
25 14 10.31
27 15 10.35
29 16 10.40
31 17 10.46
32 18 10.51
34 19 10.58
36 20 10.64
38 21 10.71
40 22 10.79
42 23 10.86
45 24 10.95
47 25 11.03
49 26 11.13
51 27 11.22
53 28 11.33
55 29 11.43
58 30 11.55
60 31 11.67
62 32 11.79
65 33 11.92
67 34 12.06
70 35 12.21
73 36 12.36
75 37 12.52
78 38 12.69
81 39 12.87
84 40 13.05
87 41 13.25
90 42 13.46
93 43 13.67
97 44 13.90
100 45 14.14
104 46 14.40
107 47 14.66
111 48 14.94

115

I
©

15.24




Why We Have Chosen
to Sample with Inventory Lines

Objectives

By the end of this appendix, you should be able to do the following:
I.1. Explain why we chose systematic strip sampling (i.e. sampling with inventory lines),
[.2. Explain why we chose our inventory line orientation, and
[.3. Explain why we chose our plot size.

Introduction

The sampling design is the way we select where to locate the plots in the inventory area. If we
choose to quantify a given resource in an inventory area by sampling, we are faced with a number
of choices for sampling design. However, in this manual you will be limited to one sampling
design. Inventory experts call this sampling design ‘systematic strip sampling’. Another way of
describing it is as sampling with inventory lines which are spaced evenly across the inventory
area. This appendix explains why we selected this sampling design from all of the choices that
are available, based on considerations of simplicity, accuracy and cost efficiency.'

Although this sampling design is appropriate to many situations, there may be times when other
sampling designs are more simple, accurate or cost efficient. You should feel free to use these
other sampling designs if you are familiar with sampling theory or if you have been advised to do
so by someone who is familiar with sampling theory. If neither of the above are true, however, it
is best that you use the sampling design recommended here.

1 The Introduction to this manual defines simplicity, accuracy and cost efficiency.
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1.1. Why we chose systematic strip sampling (i.e. sampling
with inventory lines)

There are a variety of ways in which an inventory can be accomplished. You may count every
individual plant in the forest, a method which is called 100% enumeration. This method is likely
to be costly, as it will usually take a considerable amount of time. For this reason, inventory of
forest resources is more commonly done using a method called sampling. This involves counting
only some of the plants and using this information to estimate the total quantity of plants in the
entire forest. The way in which the plants are sampled is by using small areas of land with clearly
defined borders, called plots. These plots are established across the forest and only the plants
that fall within the plots are counted.
Sampling will only provide accurate estimates of quantity if the plots that are marked out are good
representatives of the entire inventory area. For example, if all the plots are set up in a steep
rocky area, and if this type of forest only occurs in a small proportion of the inventory area, then
the estimate of resource quantity obtained from these plots will be far from the true resource
quantity for the inventory area. Thus, the way in which you decide where to locate the plots is
very important. Figure I.1 shows a decision tree that illustrates some of the standard choices that
are made when deciding how to locate plots. These choices include:

* Objective versus subjective sampling,

* Systematic versus random sampling, and

* Systematic strip sampling versus other systematic sampling designs.

Each of these are described in more detail below.

/ QueJRLTIVE
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Figure I.1. There are many choices when planning a sampling
design for an inventory. Here are the decision-making
steps used to arrive at systematic strip sampling.

1.1.1. Objective versus subjective sampling

Plots can be located by:
* Subjective sampling, where the inventory planners choose the locations of the plots
themselves, and
* Objective sampling, where the inventory planners select the location of the plots using a
mathematical system.
The problem with subjective sampling is that the personal preferences of the inventory planners
may influence the plot locations, even if they do not intend to have such an influence. This is an
unacceptable way to sample, as it leads to inaccurate inventory results. An inventory that uses
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subjective sampling will therefore have very low credibility. This is illustrated by three examples
in Figure 1.2:

In Figure I.2a, the inventory planners wanted to show that there are many trees of a certain
species in the inventory area. Thus, they put plots (in the form of inventory lines) in areas
where they knew there are a lot of trees of this species. This resulted in an overestimation
of quantity.

In Figure 1.2b, the inventory planners wanted to show that there are very few trees of a
certain species in the inventory area. Thus, they put plots (in the form of inventory lines)
in areas where they knew there are few trees of this species. This resulted in an
underestimation of quantity.

In Figure I.2c, the inventory planners were feeling lazy and did not want to travel too far
from the forest camp. Thus they put most of the plots (in the form of inventory lines) near
the camp. In this example, the forest resources that they were counting had been heavily
harvested near the camp. Thus, this resulted in an underestimation of quantity.
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Figure I1.2. Three examples of subjective sampling, where lines are
purposively placed: a) where there is a large amount of
the resource of interest, b) where there is a small
amount of the resource of interest, and c) to be
conveniently close to camp. Subjective sampling is
always inaccurate and an inventory done by subjective
sampling will have a very low credibility.
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With objective sampling, it is not possible for the inventory planner to influence the result, and
therefore this is always the preferred method of sampling.

1.1.2. Systematic versus random sampling

Two types of objective sampling are commonly used. These are:

* Random sampling, where the choice of plot location is left to chance. This method of
sampling is used to deal a hand of playing cards, when the pack of cards is shuffled and the
cards dealt out without being looked at. Plots that have been randomly sampled will tend
to have an irregular distribution, as illustrated in Figure I.3a.

* Systematic sampling, where the choice of plot location is made by randomly selecting a
starting point, and locating the remaining plots at set distances from this point, in
accordance with a selected pattern. This pattern is regular and repeating, much like a
regularly printed batik pattern. Plots that have been systematically sampled will have a
regular distribution, as illustrated in Figure 1.3b.
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Figure I1.3. Two types of objective sampling: a) random sampling
and b) systematic sampling.

The disadvantage of systematic sampling is that it can lead to an inaccurate result if the pattern of
sampling is somehow similar to a pattern in the distribution of the plants being counted in the
inventory. For example, in Figure 1.4, systematically sampling the plots results in the sample
mostly being taken on hilltops, resulting in under-representation of the river valleys and slopes.
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Figure I.4. 'When using systematic sampling plots can sometimes
not be representative of a forest area because the
pattern of plot distribution may by chance be similar
to the pattern of plant distribution.

The advantage of systematic sampling is that it is a simple and cost efficient method to use in the
field. With this method of sampling, inventory teams usually find it easier to locate the plots in
the forest, and it takes less time to walk between plots. Furthermore, it is an easier method to use
when inventory work is to be combined with mapping. This is because the forest area is covered
evenly by an inventory team using systematic sampling, whereas it might be covered more inten-
sively in some areas and less intensively in others if random sampling were used. Despite the risk
of inaccuracy mentioned above, systematic sampling has many points in its favour and is the
method recommended in this manual.

1.1.3. Systematic strip sampling versus other systematic sampling designs

A number of regular patterns are commonly used for systematic sampling. Some of these are
illustrated in Figure I.5. This manual recommends one well-known pattern called ‘strip sampling’.
In strip sampling, the plots are placed end to end in lines, the location of the first line is selected
randomly and there should be an equal distance between all of the lines in any given area.?

2 Chapter 7 explains how to choose the position of the first line and the distance between lines.
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Figure I.5. Commonly used forms of systematic sampling include
a) cluster sampling, b) line plot sampling, and
c) strip sampling.

Strip sampling works well with the recommended method for plot establishment and enumera-
tion described in Box 1.1. The advantage of using strip sampling with this method is that the
inventory team can gather information continuously while walking along the line, rather than
intermittently, as they would with other systematic patterns. Thus more information is gathered
for approximately the same amount of time, making it more cost efficient than other methods.
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Box 1.1. The method used to establish and enumerate plots along
the inventory line

In this manual, the recommended way of establishing and enumerating
plots is to establish a line down the centre of the theoretical plot, and count
only those plants which are equal to or less than a specified distance to the
left or right of that line.> Thus the plot boundaries are theoretical rather
than actually marked out. The disadvantage of this method is that
inaccuracies in enumerating the plants that lie close to the border of the
plot can arise if the enumerators are not very careful about measuring the
distance from the centre line. The advantage of this method is that plots
can be established and enumerated at a slow walking pace, which is much
quicker than staking out all four borders of the plot.

1.2. Why we chose our inventory line orientation

In systematic strip sampling, the inventory lines are all parallel within a given area. There are two
considerations influencing the orientation of inventory lines within a given area, in other words,
the direction in which all of the inventory lines run.* These are that the orientation of the lines:

* Cover the maximum variation in vegetation, and
* Maximise the number of lines in the area.

Both considerations are discussed below.

1.2.1. Covering maximum variation in vegetation

Inventory lines are most cost efficient if they are oriented so that they cover the maximum varia-
tion in vegetation. Plots with this orientation cover more variation within them than between
them, compared to plots with other orientations. This means that you will need to establish fewer
plots to obtain the same level of precision.

The topography of the land is often the main source of variation in vegetation. This is particularly
true in steeper areas, and less important in flatter ones. Some resources mainly grow by the river
whereas others will be most commonly found on a ridge. Inventory lines that run from the river
to the ridge (see Figure 7.2b) are therefore more likely to cover all forest resources whose distri-
butions are linked to topography than inventory lines that run parallel to the river and ridge (see
Figure 7.2a). Thus often the best orientation for inventory lines in any given watershed is one in
which the lines cut at right angles the general direction of the main river.

The level of human disturbance can be another source of variation in vegetation. Some resources
may be more heavily harvested near the village or the main roads from a village, and less so as the
distance from the village increases. If so, the best orientation for inventory lines will be one in
which they:

* Travel from the village outwards, or

* Cut at right angles the general direction of a main road.

3 Chapter 1 (Figure 1.5) illustrates how the plots and subplots are established along the
inventory line.

4 Chapter 7 describes how to orient the inventory lines on the planning map.
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1.2.2. Maximise the number of lines

Inventory lines should be placed so as to maximise the number of lines in the area. This is done
by drawing the lines so that they are perpendicular (i.e. at right angles) to the long axis of the
inventory area. This results in many short lines (see Figure 7.3b) instead of fewer long lines (see
Figure 7.3a). This is preferable because there is an assumption in sampling that the plots are
spread randomly around the inventory area, whereas in actual fact they have been placed end to
end in lines. This means that they are clustered in the lines with larger gaps then expected be-
tween the clusters. Increasing the number of lines distributes the plots across the area a little
more evenly.

1.3. Why we chose our plot size

A number of plot widths and lengths are possible in inventory. However, this manual recom-
mends a plot width of 10 metres and a plot length of 50 metres. The size of such a plot is 500 m?
(0.05 ha). Plot width and plot length are discussed in turn in the sections below.

1.3.1. Plot width

Plots can be a variety of widths. However, a 10 metre width is recommended as field experience
has shown that this width is the most efficient using the plot establishment method recommended
in this manual, where the plot boundary is 5 metres to the left and right of the central line. If plot
boundaries are further than 5 metres from the central line it is difficult for the enumerators to see
all of the plants when walking roughly in the middle between the central line and the theoretical
edge of the plot.

1.3.2. Plot length

Field experience has found that 10 metres lengths make convenient distances to split the central
line into. This is a good length for staking out the poles that make the line, and for dividing up the
data that is recorded while walking along the line.

However, with systematic strip sampling, plots of 10 metres length are not appropriate for calcu-
lating the precision of estimates of resource quantity. This is because such a high number of small
plots distorts the calculation of precision. We therefore want the plots to be as long as possible.
However there is a practical limit to how long they can be. With very long plots it becomes very
difficult to determine when to cut them off before or after boundaries, or how to assign them to
different subdivisions. Thus a practical limit to plot length has been set at 50 metres.



The Student’s t-Table
and How to Use It

Objectives

By the end of this appendix, you should be able to do the following:
J.1. Explain what the Student’s t-table is, and
J.2. Use the Student’s t-table to obtain a t value.

Introduction

This appendix contains the Student’s t-table, which must be used to look up the t value appropri-
ate for your needs. This t value is then used to calculate the precision of an estimate of density
or quantity. If you already have a background in statistics, the explanation below may help to
remind you what the t-table is. However, you do not have to know what the t-table is in order to
use it. If you wish, skip the explanation of what the t-table is, and read the instructions following
it, which tell you how to use the t-table to obtain a t value.
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J.1. What is the student’s t-table?

When we estimate, for example, the density of bamboo plants from a sample of plots,' this esti-
mate is made a lot more credible if we can obtain some indication of its reliability. The standard
error of the estimate helps us to establish limits that suggest how close our estimate is to the true
density of bamboo plants.? The distance between these limits is called the confidence range. For
reasonably large samples (i.e. samples of over 30 plots) statisticians have found that, on an aver-
age of 2 out of 3 times, the true value is within one standard error of the estimated value. Box]J.1
discusses the assumption under which this finding holds true.

Box J.1. Assumption of independent selection of plots

To calculate the way in which the estimates from a number of samples are
distributed about the true value (i.e. the distances between the true and
estimated values), statisticians use simple random sampling. In other words,
in their samples the selection of each plot is completely independent of
the selection of all other plots. In this manual, we use systematic sampling.
One of the disadvantages of this is that the selection of each plot is not
independent; thus we can’t be certain that there is not some bias, or error,
in our estimates as a result.

To use an example, if the estimated density is 10 plants per plot and its standard error is 0.6 plants
per plot, and if we take as given that the number of plots in our sample is over 30, we can assume
that the true density is within the limits of 9.4 and 10.6 plants per plot (10 = 0.6 plants per plot).
In making such a statement over a number of inventories, we are likely to be right an average of 2
out of 3 times, and wrong 1 out of 3 times. This probability of being mistaken is called a 0.3
probability and these limits are called the 67% confidence limits.

However, this level of confidence is not very high, if we are likely to be mistaken 1 out of 3 times.
To increase our confidence, we set confidence limits that are 2 (to be exact, 2.042) standard
errors from the estimated value. In our example, this will mean that we assume the true density
is within 8.8 and 11.2 plants per plot (10 * (2.042 x 0.6)). This improves our chance of being
mistaken to 1 in 20 times, a probability of 0.05. These limits are called the 95% confidence limits
and are much more commonly used than the 67% limits. Other popular limits are 1.697 standard
errors from the estimate, with a chance of being mistaken of 1 in 10 times (a probability of 0.1).
These are the 90% confidence limits.

The Student’s ¢ value, symbolised by ¢, tells us how many standard errors from the estimated
value our confidence limits should be. In the above examples, where the number of plots is
assumed to be greater than 30, the ¢ value is 1 for 67%, 1.697 for 90% and 2.042 for 95% confi-
dence limits. These ¢ values are arranged in a table called the Student’s ¢ table (see Iable J.1),
enabling you to select the appropriate ¢ value for the probability that you desire.

The Student’s ¢ value also varies with the number of plots used to make the sample. The more
plots that are used, the greater the reliability of the estimate; this is reflected by a decrease in the
size of the ¢ value and a corresponding decrease in the size of the confidence limits.

V' The density is calculated in Step 3 of Calculation Form 2; see Chapter 17.

2 The standard error of the mean is calculated in Step 8 of Calculation Form 2; see Chapter 17.
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J.2. How to use the Student’s t-table

The Student’s ¢ value to be used depends upon the probability level that you want and the number
of plots used in your sample. To use the Student’s ¢-table in Table J. 1, select which probability
level you want to use. We recommend that you use a probability of 0.1, as this is a standard choice
of probability level. However, a probability of 0.05 is also standard and ensures an even higher
level of confidence. Then, select the degrees of freedom or the df appropriate for your example.
The df is equal to the number of plots in your sample, or 7, minus one (i.e. df = n - 1). If your df
is greater than 120, the maximum value listed for df in the z-table, look up your ¢ value in the row
headed by the infinity sign, .

To use the bamboo example from Chapter 17, the number of plots or 7 is equal to 3. Thus the
degrees of freedom or df is equal to 2. If you have decided to use a probability level of 0.1, your
t value is therefore 2.92.

Table J.1. The Student’s ¢-table

Probability
Degrees of freedom (df) 0.1 (90%) 0.05 (95%)
1 6.314 12.706
2 2.920 4.303
3 2.353 3.182
4 2.132 2.776
5 2.015 2.571
6 1.943 2.447
7 1.895 2.365
8 1.860 2.306
9 1.833 2.262
10 1.812 2.228
11 1.796 2.201
12 1.782 2.179
13 1.771 2.160
14 1.761 2.145
15 1.753 2.131
16 1.746 2.120
17 1.740 2.110
18 1.734 2.101
19 1.729 2.093
20 1.725 2.086
21 1.721 2.080
22 1.717 2.074
23 1.714 2.069
24 1.711 2.064
25 1.708 2.060
26 1.706 2.056
27 1.703 2.052
28 1.701 2.048
29 1.699 2.045
30 1.697 2.042
40 1.684 2.021
60 1.671 2.000
120 1.658 1.980

o 1.645 1.960




Measuring Plant Size

Objectives

By the end of this appendix, you should be able to do the following:
K.1. Measure the diameter at breast height of a tree or other plant, and
K.2. Measure or estimate the height of a tree or other plant.

Introduction

Sometimes you will want to measure plant size in an inventory. This appendix describes the
standard procedures for measuring a tree’s diameter at breast height and for measuring or
estimating its height. These methods can be applied to other types of plants (e.g. climbers,
palms, rattans).
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K.1. Measuring the diameter at breast height

K.1.1. Measuring the diameter at breast height of normal trees

Finding breast height

Throughout the world the diameter of the trunk of a tree is measured at a standard height called
the ‘breast height’. It is called this because it originated as the height from the ground to the
breast of the person making the measurement. However, this height varies between different
people; on tall people it is higher than on smaller people (see Figure K.1). For this reason ‘breast
height’ has been set at 1.3 metres so that all people will take the measurement at the same point
on the tree. Everybody on the inventory team should determine the point on their body that is
1.3 metres from the ground. They should remember this point because this is the height at which
they should measure the tree’s diameter.
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Figure K.1. Breast height differs a lot between different people,
therefore a standard height of 1.3 metres is used to
measure the diameter of a tree at breast height.

Measuring the diameter with a diameter tape

To measure the diameter at breast height or DBH of a tree, wrap a diameter tape' around a tree at
breast height (see Figure K.2), making sure that you are standing with your feet at the same level
as the base of the tree. To make the measurement as accurate as possible, you should:
* Hold the diameter tape level and not at an angle,
* Check that the diameter tape is not twisted or caught on any small branch or protrusion,
and

* Cut away any vines, creepers, moss or old bark on the tree to ensure that the tape is held
as close as possible to the tree.

L Chapter 5 describes what a diameter tape is and how you can obtain or make one.
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Figure K.2. A diameter tape is wrapped around the tree at breast
height (1.3 metres from the ground), this
measurement is called the diameter at breast height.

Pull the tape tight and overlap the zero mark on the tape, usually distinguishable by a metal clip
or ring, above the rest of the tape (see Figure K.3). Remember that the zero mark does not always
occur at the end of the tape. Read the number on the tape that aligns with the zero mark. This
number is the DBH of the tree, in centimetres. Make sure that you are reading the tape correctly.
A common mistake is to read ‘19.1°, as shown in Figure K.3, as ‘20.1".

-

Figure K.3. The diameter of the tree is read off the diameter tape
at the point where the tape end that has been
wrapped around the tree aligns with the zero mark
(this point is marked by the arrow in this figure).
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K.1.2. Measuring the diameter at breast height of problem trees

Multiple stemmed, crooked or unusual trees

There are also standard procedures for measuring multiple stemmed, crooked or unusual trees.
These types of ‘problem tree’ are illustrated in Figure K.4. When data from a multiple stemmed
tree is included in the inventory it is important to note this in the data recording sheets.

T .‘7“

Figure K.4. Standard procedures for measuring the DBH of all
unusual types of tree.

RSN

Buttressed trees

With buttressed trees, the diameter must be measured at a height of 20 centimetres above the
buttresses. If it is difficult for the enumerator to climb to the height where the diameter should
be measured, another method for determining the diameter can be used. In this method, two
people hold either end of a metre tape (not a diameter tape) at the base of the trunk, so that each
tape end is aligned with an imaginary line extending downwards vertically from the points on the
trunk where the diameter should be measured (see Figure K.5). A third person, standing at a
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suitable distance from the tree, helps these two people to align their tape ends accurately. After
the tape ends have been aligned, the distance between them can be read on the metre tape. This
measurement should be considered an approximate measure of the diameter.

Figure K.5. One method for measuring the diameter of a
buttressed tree is to line up two ends of a measuring
tape at the points where an imaginary line marks the
approximate diameter of the tree, 20 centimetres
above its buttress.

Large trees

Sometimes a normal diameter tape will be too short to measure a very large tree. In such circum-
stances the enumerators can improvise with the 5 metre nylon rope that they are using to check
whether a plant lies inside or outside a plot. The enumerators should wrap the 5 metre rope
around the tree and mark the overlap point, as for a diameter tape. They then measure the length
of rope that was wrapped around the tree, using the diameter tape. Because the diameter tape
was too short in the first place the enumerators will need to measure the nylon rope in a number
of stages. The total number of centimetres read in each stage must be added together to give the
total diameter at breast height of the tree.

K.2. Measuring or estimating the height

The height of shorter trees can be measured directly. The height of other trees must be estimated
with the aid of an instrument.

K.2.1. Measuring the height

The height of smaller trees (3 metres or less) can be quickly and easily measured using a height
pole. A height pole is a straight rod around 3 metres high, with 10 centimetre intervals marked
along its length. It is a simple tool to make and can easily be manufactured in a village. The only
tools required are:

* A straight stick or piece of plastic tubing,
* A metre tape, to measure accurately the marks on the stick, and

* Brightly coloured sticky tape, a permanent pen or a knife to mark the 10 centimetre intervals.
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The pole can be made longer than 3 metres, but, unless it is telescopic or can be broken down
into smaller lengths and then reassembled, it will be difficult to transport through the forest.

The enumerator must hold the pole next to the tree, as close as possible to the stem of the tree to
minimise error (see Figure K.6). He or she reads the height of the tree from the pole and records
it on the data form.
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Figure K.6. When gauging the height of smaller trees using a
measuring pole you must hole the pole vertical and as
close as possible to the stem of the tree being
measured.

For trees taller than 3 metres the one way of measuring their height is by climbing them and
measuring them with a metre tape. However, climbing is not normally recommended because it
is time consuming.

K.2.2. Estimating the height

Philip (1994) describes two ways of estimating tree height using the following instruments:
* A ruler (or stick with inches marked out on it) and a 3 metre height pole, or
* A clinometer.

Both methods require the enumerator to see the top and bottom of the tree from a distance. This
is often not possible in closed canopy forest.

Estimating height with a ruler and a height pole

In this method, one person places a 3 metre height pole (described in the previous section)
upright against the tree to be measured. Another person moves as far away from the tree as he or
she can go while still being able to see the top and the bottom of the tree. The second person
holds the ruler vertically in his or her fist and moves it towards and away from his or her eye, until
the point is reached at which the bottom of the ruler is aligned with the bottom of the 3 metre
pole (and tree) and the 3 inch mark on the ruler is aligned with the 3 metre mark at the top of the
3 metre pole (see Figure K.7). In this position, 1 inch measured on the ruler is the same as 1
metre measured on the tree. Once the ruler is aligned, the person's arm should be held steady,
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and he or she should glance up to determine the reading on the ruler which is in line with the top
of the tree. This reading, in inches, is converted to metres to provide an estimate of the height of
the tree.

Figure K.7. From a distance a ruler is lined up against a pole of a
known height. This calibrates the ruler and makes it
possible to estimate the height of a tree.

Estimating height with a clinometer

The most common professionally used method of estimating a tree’s height is by using a clinom-
eter.? A clinometer measures the angles of the slopes from the clinometer user’s eye to the top
and bottom of a tree (see Figure K.8).

2 Chapter 5 describes how to obtain a clinometer.
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Figure K.8. A clinometer is used to calculate the height of a tree.
You must use the instrument to know the angle to the
top of the tree (6,) and the bottom (6,), you must also
know the distance from the point where you are
taking the measurement to the tree (D).

In this method, the person doing the measurement stands at a known distance from the tree, in a
position where both the top and bottom of the tree are visible. The clinometer user aligns the
cross hair seen through the sighting mechanism of the clinometer with the top of the tree. He or
she then reads and records the number on the dial in the sighting mechanism that is aligned with
the cross hair. This angle reading will be called 6,. The cross hair is then aimed at the bottom part
of the tree and the number also read and recorded. This angle will be called 6, On many
clinometers the reading to the base of the tree will be a negative number. These two angle
readings (called ‘0’ and ‘0,’) and the horizontal distance from the observer’s eye to the tree
(called ‘D’) are sufficient data from which to calculate the height of the tree. The distance ‘D’
must be the horizontal distance from the observer to the tree, rather than the slope distance.?

The calculation used to estimate the height of the tree is as follows:

Total tree height = D (tan 6, + tan 8,)

To make this calculation, a calculator which has the tan function key is needed. To obtain the
value ‘zan 0, the angle should first be typed in and then the tan function key pressed. This is
added to the value for ‘tan 0,” and the sum is multiplied by the horizontal distance ‘D’.

> Appendix H describes how to measure the horizontal distance.



Planning, Conducting and
Analysing Regeneration Studies

Objectives

By the end of this appendix, you should be able to do the following:
L.1. Plan the regeneration studies,
L.2. Conduct the regeneration studies, and
L.3. Analyse the regeneration studies.

Introduction

If the purpose of your inventory is to determine a sustainable level of harvesting for a specific
resource or resources, then there is a relatively simple, inexpensive and straightforward method
available for doing this. This method, called ‘successive approximation’, has been developed in
Peters’ (1996) manual. The ‘successive approximation’ method is based on the premise that the
first sign that a plant population is being harvested at an unsustainable level is when the young-
est age classes (e.g. seedlings and young saplings in tree species) begin to diminish in number.
Harvesting regimes that kill reproductive adults, reduce the vigor of reproductive adults causing
them to produce fewer flowers or seeds, or remove the seeds themselves may cause a decrease
in densities of the very young age classes. This impact can be detected if the villagers periodi-
cally monitor the densities of these young age classes in a series of regeneration studies. If the
impact is to cause a decrease in the density of these young plants, the intensity of harvest should
be decreased until the population is more stable. This appendix explains how to plan, conduct
and analyse regeneration studies in order to eventually reach a sustainable level of harvest though
‘successive approximation’.

The disadvantage of ‘successive approximation’ is that it is reactive rather than proactive. In
other words, it responds to signs that the population is being adversely affected by the intensity
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of harvest, and does not attempt to understand why the harvesting regime is affecting the popu-
lation in this way. There are other methods for determining a sustainable level of harvesting that
attempt to understand why and how a resource population changes over time. Using these
methods, it is possible to determine a harvesting level that is likely to be sustainable before the
adverse impacts of harvesting have the chance to take place. A combination of these methods,
including the study of plant population dynamics (or plant demography), the use of matrix mod-
els, and the use of computer simulations, is described in Peters’ (1996) manual. It is beyond the
scope of this manual to describe these methods. However, it is recommended that you consult
Peters’ (1996) manual if you believe you are capable of conducting these more complex analyses.
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L.1. Plan the regeneration studies

One of the first issues when planning the regeneration studies is to determine when to do the first
study. This study may be done together with the inventory, or it may be done after the inventory.
In theory, the younger age classes of the resources under study could be counted together with
the older age classes in all of the plots along the inventory line. However, there are usually so
many more young plants than old that the inventory would take much more time to complete.' It
is recommended that only 0.4% (one twenty-fifth) of the area under inventory plots be used for
regeneration studies. This means that the team conducting the regeneration study should sample
the first of the five 10 x 10 metre subplots in a plot, and they should select one plot from every five
10 x 50 metre inventory plots along the line.

The planning team should attempt to estimate how many inventory subplots (or regeneration
study plots) will be established, using either an estimation of (if the inventory has not been com-
pleted yet) or actual data on (if the inventory has been completed) the size of the area under
inventory plots. In addition to the usual equipment required for the work along the inventory
line, they should prepare to take to the forest a number of 1.5 metre stakes made of some durable
material, such as painted hardwood stakes, metal stakes or PVC pipes. These stakes should be
brightly marked so that they can be easily found one year later or more. The number of stakes
required depends upon how many regeneration study plots are going to be established, as each
plot will need four stakes. Other items of equipment to take to the forest are paint and paint-
brushes or permanent markers for writing the plot numbers on the stakes. The team should also
take the planning map to the forest, in order to mark it with the location of the regeneration
study plots.

The planning team should also think about what age or size classes to use. Chapter 8 has some
suggestions for ways of identifying broad age classes for different types of plants. These may be
broken down further into size classes. For example, the ‘seedlings’ age class recommended for
trees in Chapter 8 may be divided further into three height classes: 0-50 cm, 51-100 cm, 101-150
cm. The planning team should make sure that the data forms they prepare are suitable for record-
ing the data. Chapter 9 provides some guidance on how to prepare data forms.

Before going to the field the team that conducts the regeneration study should have some train-
ing in the use of the methods described in this appendix.

L.2. Conduct the regeneration studies

Once the regeneration study team has walked to the stake marking the beginning of the plot
selected for the regeneration study, the team leader should mark its location on the planning
map, and write a description of its location, relative to important local features (e.g. large trees,
rocks), in a notebook. It may even help to take some bearings and measurements of distance
from the starting point to these features. The aim is to make it easier to find the plot again in the
future.

The regeneration study plot’s outer boundaries must be accurately marked out with rope, be-
cause the young plants that will be counted within them are likely to be small and numerous and
it will be difficult to determine whether they are in the plot or not. This is unlike the inventory
subplots, in which only the central line is marked out with rope. To mark out the outer bounda-

Y This is also true for smaller sized plants, as discussed in Chapter 13.
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ries of the plot, the compass person and rope person should follow
these steps:

1.

They should begin by turning 90 degrees to the right of the
direction in which the inventory line is headed,”> measuring
out 5 metres of line from their starting point, and marking
this first corner of the plot with one of the permanent stakes.
The plot number should be clearly painted or marked on
the stakes, as well as information indicating which corner
the stake is marking, as this will make it easier to locate the
other stakes at a later time. One end of the 50 metre rope
that is normally used for marking the center line of the
inventory plot should be tied to this stake.

The compass person and rope person should then turn 90
degrees left, so that their direction is the same as the direction
of the inventory line. They should measure out 10 metres of
line and mark the second corner of the plot with a numbered
stake. The 50 metre rope should be wrapped around the
stake, forming the first marked boundary of the plot.

The compass person and rope person will need to turn 90
degrees to the left twice more, in order to measure out two
more 10 metre lines, and mark two further corners with
stakes. They should also ensure that all four boundaries of
the plot are delineated by the 50 metre rope.

This process is illustrated in Figure L.1.

Figure L.1. Procedure for measuring and
marking the regeneration study plot
boundaries.

Sl

As these plots are meant to be permanent, it is important that disturbance be kept as low as possi-
ble, so that the team’s activities do not influence the species composition and number of young
plants observed in the plot in later years. This means that there should
be no clearing of vegetation along or within the plot boundaries.

It may make it easier for the enumerators to count the younger plants if
they work along 1 metre wide strips within the plot. To avoid counting
the same plants twice they should temporarily mark the plants on the

outer edge of these strips with notched twigs or string.

Within each plot the total number of plants in each age/size class of the
resources species in question should be counted and recorded on the
data form. Young plants are often bent over at the tip, and their height
should be measured without attempting to straighten them. Figure L.2

illustrates how a seedling’s or sapling’s height should be measured.

Figure L.2. Young plants are often bent at the tip.
Their height should be measured
without straightening them.

2 Appendix H describes how to calculate right or perpendicular

angles (i.e. 90 degree turns) to a bearing.
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L.3. Analyse regeneration studies

Once the team has completed the first regeneration study, they should calculate the densities
(and if desired, the precision of these densities) for each age/size class of each resource species in
each forest type. It will not be necessary to calculate the quantities. These densities will be used
as the ‘threshold values’ against which to evaluate the effects of harvesting.

In general, the regeneration study should be redone every five years, at the same season as the
initial regeneration study, in order to monitor fluctuations in population. However, it is recom-
mended that the regeneration study be repeated more frequently in the first three years, perhaps
every year. This is because there is a risk that the threshold values established in the first regen-
eration study might be unusually high or low due to natural (i.e. non-human) causes such as a
‘mast year’ for fruiting. A comparison of the values of the first three years should establish more
precise threshold values, possibly ones that are an average of the three years.

As long as densities measured in subsequent regeneration studies remain above these threshold
values, there is a high likelihood that the current level of exploitation is sustainable. If they drop
below the threshold values, however, the intensity of harvest should be reduced. By lowering or
maybe even raising the harvest levels in response to the changes in the densities of younger
plants, the level of recruitment of young plants should eventually approximate the threshold
value established for that population.



Planning, Conducting and
Analysing a Productivity Study

Objectives

By the end of this appendix, you should be able to do the following:
M.1. Plan a productivity study,

M.2. Conduct a productivity study,

M.3. Analyse the information from a productivity study, and

M.4. Apply a productivity study to a range of different products.

Introduction

You may need to conduct a productivity study as well as an inventory if you need to know what
quantity of a particular timber or non-timber forest product is produced each year by a particular
resource in a given area of forest. Measuring the quantity of a forest product can be time con-
suming and is sometimes destructive of the plant from which the product comes. For these
reasons it is usually better to measure the products in a separate productivity study rather than
during the inventory, although there may be exceptions for which it is more effective to measure
the products throughout the inventory. In a productivity study, a smaller sample of plants of the
chosen resource is selected from the total number of plants that have been counted in the inven-
tory. The next step is to determine how much of the chosen product (e.g. fruit, resin, timber,
leaves, etc.) is produced by this sample of plants in one year. This information, in addition to the
information from the inventory about the total number of plants in the forest area, is used to
estimate the quantity of product produced per year throughout the forest area. This appendix
describes how to plan, conduct and analyse the information from such a productivity study. Many
of the methods described here are adapted from those described in Peters’ (1996) manual.
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M.1. Plan a productivity study

Planning a productivity study involves the following steps:
1. Plan the inventory so that it collects relevant information for the productivity study,
2. Select plants from the inventory data for the productivity study, and

3. Plan how to measure the selected plants’ annual productivity.

M.1.1.  Plan the inventory so that it collects relevant information for the
productivity study

The inventory will need to be conducted before the productivity study in order to have inventory
data from which to select plants for the productivity study. This appendix should be read before
planning both the inventory and the productivity study, so that the data collected during the
inventory is appropriate for the productivity study.

Information that should be gathered during the inventory may include the:

* Forest type. The inventory team should discuss whether the inventory area consists of
more than one distinct forest type. They should also discuss whether these forest types
are likely to affect the quantity of plants found in a given area of forest (e.g. the number of
trees per hectare) or the quantity of products produced by a given plant (e.g. the number
of fruit per tree). If the forest type is believed to have a significant effect, the inventory
team should note, for each inventory plot, the forest type that the plot is found in.

* Plant size, age, sex or condition. The inventory team should also discuss whether a plant’s
size, age, sex or condition is likely to influence the quantity of products produced by the
plant. A plant’s size almost always has an influence on productivity, and there are times
when age, sex and condition are important as well. For example, both the size (in this
case the diameter at breast height) and sex (because only the female trees produce fruit)
of a tree are likely to influence the number of fruit a given durian tree produces. If any of
these factors are believed to have an influence, the inventory team should note the rel-
evant information on size, age, sex or condition for each plant of the resource species for
which you want to measure annual productivity.

M.1.2. Select plants from the inventory data for the productivity study

This step involves the following sub-steps:

1. Obtain the inventory data on the resource species for which you wish to estimate the
annual productivity, and use the data to determine the number of plants that were counted
in each forest type (this may already have been done as part of the compilation and calcu-
lation of inventory results).

2. Divide all plants that were counted in each forest type into those size, age, sex or condi-
tion classes that are likely to have an important influence on plant productivity (as dis-
cussed in the previous section). If there are a continuous range of sizes, ages or condi-
tions, determine discrete classes that are fairly broad so that there are not too many classes.
Six is probably the maximum number desired. For example, trees of a continuous range
of sizes and two sexes may be divided into the following size and sex classes: 20-39 cm dbh
male, 20-39 cm dbh female, 40-59 cm dbh male, 40-59 ¢m dbh female, 60 and above cm
dbh male, 60 and above cm dbh female. Only those classes that are productive are of
interest. Thus in the above example, trees that were less than 20 cm dbh were not in-
cluded because they were too small to be productive in this particular species.
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3. Randomly select a predetermined number of plants from each forest type and size, age,
sex and/or condition class. Box 7.2 in Chapter 7 describes methods for making a random
selection. There should be at least three individual plants from each possible combina-
tion of forest type and size, age, sex and/or condition class. For example, if there are 2
forest types, 3 size categories and 2 sex categories, the total number of possible combina-
tions is 2x 3 x 2 = 12. Since there should be at least 3 plants from each possible combina-
tion, this means a total of 3 x 12 = 36 plants.

M.1.3. Plan how to measure the plants’ annual productivity

You will next need to plan how to measure how much of the product of interest is produced every
year by the plants you have selected for your study. This is something you will need to think
carefully about, as there are many options, depending upon the purpose of the inventory and the
nature of the resource plant and product. Some of the major questions you will need to consider
are:

1. Do you want to measure the productivity at the time of one harvest or the annual produc-
tivity?

2. Do you want to measure the harvested annual productivity or the potential annual
productivity?

3. What units and classes will you use to measure productivity?

4. When is the best time to conduct the productivity study?

These questions are described in more detail below. You should read them and think about how
they apply to your own particular situation.

1. Do you want to measure the productivity at the time of one harvest or the
annual productivity?

* The productivity at the time of one barvest is the quantity of a product that is gathered
and measured (or counted) during one particular harvest.

* The annual productivity is the quantity of a product that a plant produces over the course
of one year.

The productivity measured at the time of one harvest may or may not represent one year’s worth
of productivity. These two measurements of productivity may be identical if the product is har-
vested once a year and takes a year to recover to its pre-harvest levels (e.g. a fruit tree that has one
seasonal harvest every year for a number of consecutive years). However, they may not be the
same if the product is harvested more than once over the course of a year (e.g. the resin of a
rubber tree), if the product takes more than a year to recover to pre-harvest levels (e.g. the bee-
hives of the honey bee tree), or if the plant is more than one year old when it is destroyed at the
time of harvest (e.g. a palm stem that is harvested after ten years of growth).

The use of annual productivity is recommended over productivity at time of harvest because it
enables us to standardise the measurement of productivity. Otherwise, it is difficult to compare
the productivities measured at different harvests or from different resources. For example, it is
not very meaningful to compare the honey that is measured from one harvest of a honeybee tree
with the rubber that is measured from one harvest of a rubber tree. This is because the honeybee
tree is harvested only once every two or three years, whereas the rubber tree is harvested many
times a year. Whether the purpose is to estimate the economic value of a forest or to determine a
sustainable level of harvest, it is usually best to work with standardised, comparable measure-
ments of annual productivity.
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2. Do you want to measure the harvested annual productivity or the potential
annual productivity?

* The barvested annual productivity is the quantity of a product harvested in one year
from a given population of plants.

* The potential annual productivity is the greatest potential quantity of a given product
that can be harvested in one year from a given population of plants.

The harvested annual productivity measures what is typically produced, as it may be that not all
plants in an area are harvested in a given year, or not all plants are harvested to the same level. A
number of factors may influence the level of harvest, such as the product’s price, how much of the
product is needed by the villagers, the time available for doing the harvesting (which depends
upon the other activities the harvesters are involved with). The potential annual productivity
measures what would be produced if all the plants were harvested as completely as possible.

The choice of which measurement to use will depend upon the purpose of the inventory. For
example, a purpose such as determining the present economic value of a given area of forest for
the local community might require a measurement of harvested annual productivity. A purpose
such as estimating the minimum area of forest necessary to provide a sufficient supply of products
to a village might require a measurement of potential annual productivity.

The ways to measure these two types of productivity are quite different from one another.

* To obtain the harvested annual productivity, you must measure or estimate the quantity
of products that is actually collected by human harvesters from a given population of
plants over the course of one year. The best way to make this measurement is not to
conduct a productivity study as described in this appendix, but to interview harvesters and
traders of the product in the village, and obtain either measurements or estimates of product
quantity from them.! You will need to ask them how many people are involved in the
harvest, and then make sure to select a sample of these people for interviews or else
interview all of them. You will also need to know how many times a year these people
make their harvests and the approximate quantity of the product obtained in each harvest.
The harvesters or traders may already have a record of the quantities harvested. If not, you
should measure the products yourself, or ask the harvesters or traders to measure these
products as the harvest is brought in.

* To obtain the potential annual productivity, you must estimate the maximum quantity of
products that can be harvested from a given population of plants over the course of one
year. The method to use will depend upon whether the product is harvested in a manner
that destroys the plant or not. For example, a durian tree is destroyed when its timber is
harvested, whereas it is not affected by the harvesting of its fruit.

* If the product is harvested in a manner that destroys the plant, then you should
follow the procedure outlined in Box M.1.

* Ifthe product is harvested without destroying the plant, then you should follow the
procedure outlined in Box M.2.

L Appendix B describes how to gather information from villagers.
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Box M.1. How to estimate potential annual productivity for products
whose harvest involves the destruction of the plant.

When a plant is destroyed at the time of a product’s harvest, such as when a
tree is cut down for its timber, the quantity of timber measured at the time
of harvest represents not the productivity of the tree in the most recent year
but rather the productivity resulting from many years of growth. To standard-
ise this measurement of productivity at time of the harvest to a measurement
of the potential annual productivity, we need instead to measure the quantity
of the product that is produced by the living plant over a one year period.
For example, in a timber tree we need to measure how much timber is
grown over one year. In a tree destructively harvested for its roots we need
to measure how much root biomass is produced over one year.

It is often difficult to estimate the potential annual productivity of destruc-
tively harvested plants. Peters (1996) recommends a ‘two-step sampling
scheme’, described below. This scheme is only useful for plants in which
there is a relationship between productivity and plant size.

1. During the first step of this procedure, a selected sample of plants are
harvested, and the quantity of the harvest as well as the size of the plant
are measured. Regression analysis is then used to test whether there is
a relationship between the plant size and product quantity. If there is,
the slope of the line can be used to predict the quantity of harvest for
any plant, once its size is measured. This manual is not capable of
discussing how to conduct regression analysis. You will need to consult
a standard statistics manual to learn how to do this. If you do not know
how to do a regression analysis, a cruder way of determining whether
there is a relationship is to plot the relationship on graph paper. This is
done by plotting some indicator of plant size (e.g. the diameter at breast
height if a tree, the height if a palm)? on the x-axis and some indicator of
product quantity (e.g. number of fruit, trunk volume) on the y-axis. A
relationship might be visible, as shown in Figure M. 1a. If no relationship
is visible, as shown in Figure M.1b, then clearly this method cannot be
used to predict potential annual productivity.

2. The second step is to determine the rate of production, or the rate at
which the plant grows in size. To collect this information, a second
sample of plants should be monitored to determine how much, on
average, each size class increases in size over a one year period.

3. Combining the information from both steps provides an estimate of the
potential annual productivity. For example, if the average root biomass
of a 20 cm dbh tree is 3.0 kilograms (data from step 1) and the average
root biomass of a 25 cm dbh tree is 3.5 kilograms (data from step 1), a
20 cm dbh tree growing at approximately 0.5 cm a year (data from step
2) would produce approximately 3.5 — 3.0 = 0.5 kilograms of roots a
year.

If necessary, or if people feel there is likely to be a relationship between
plant size and productivity, the order of these steps can be reversed, with
the growth study conducted first and these sample plants then harvested
and analysed. This means that only one set of sample plants is needed.

2 Chapter 8 describes some good indicators of plant size for different types of plants.
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Figure M.1. If you do not know how to do a regression analysis, a
cruder way of determining whether there is a
relationship between plant size and productivity is to
plot the relationship on graph paper. In this example,
the plant size (dbh) is plotted on the x-axis and the
product quantity (number of fruit) is plotted on the

y-axis. There appears to be a strong relationship in
Figure M.1a, but no clear relationship in Figure M.1b.

Box M.2. How to estimate potential annual productivity for

products whose harvest does not involve the destruction
of the plant.

If the product is harvested in a manner that does not destroy the plant, the
potential annual productivity should be calculated by dividing the quantity

of product collected in a harvest by the time taken for that quantity of product
to replace itself.

There are some products for which it is possible and relevant to measure
how long it takes for the plant to replace the quantity of the product that
has been harvested from it. The types of products for which the recovery of
the product can be measured include the bark, leaves, branches, honeybee
hives and epiphytes found on the plant (and when palms, rattan and bamboo
are clumped, the stems and shoots found in the clump). The general
procedure outlined below applies to these types of products. In addition
to this general procedure, Section M.4 of this appendix offers some more
specific suggestions for methods of measuring potential annual productivity
of some of these types of products.

Sometimes it will not be possible to determine whether a product has
recovered its pre-harvest quantity. For example, it is difficult to determine
whether the resin or sap levels have recovered without possibly interfering
with the recovery process while making the measurements. Or, it may not
be relevant to measure the recovery of the product, if the product would
have been shed by the plant anyway, whether harvested by people or not.

X0
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For example, the fruit, nuts or seeds of a plant are shed by the plant and it
would be meaningless to measure a recovery period for them. If this is the
case for your product, the general procedure outlined below should not be
used. However, you may still wish to consult Section M.4, where some
suggestions for measuring potential annual productivity are provided for
specific products, including resins or saps, and fruit, nuts and seeds.

The general procedure for measuring potential annual productivity in
products where the recovery can be measured is as follows:

1. Measure the quantity of product produced by the selected plant after it
is harvested as completely as possible. Even though you are trying to
determine maximum quantities, it is important to respect traditional
ways of harvesting, as villagers are quite likely to have reasons for their
practice (i.e. certain traditional ways of harvesting may prevent the death
of the plant). For example, if the villagers prefer to leave a certain
proportion of leaves on a shrub rather than strip it of all of its leaves,
their preferred method should be used to harvest the shrub.

2. Measure the length of time it takes for the product to recover to its pre-
harvest levels. You will need to discuss how to this is to be done with
knowledgeable villagers. Often villagers know how long it takes for a
product to be replaced, and time their harvests accordingly. If the
recovery period is well known and agreed upon by all villagers, it may
not even be necessary to test it in the field. If you all feel it necessary to
test the recovery period in the field, however, villagers should be able
to help you to plan the most appropriate time scale for checks in the
field (i.e. whether the selected plants should be visited every week,
month or year). Another issue to discuss with villagers is how to
determine whether a product has fully recovered. Should it be done by
counting numbers of the product, by measuring the product’s size, or
both? Are there qualitative indicators to be looked for as well?

3. Divide the value obtained from step 1 by the value obtained from step 2
to obtain the potential annual productivity.

It is best to measure the harvest level and length of time to recovery more
than once. This is particularly true when the period of time between harvests
is relatively short (i.e. there are a number of harvests in each year), to take
account of seasonal variation. However, it is also a good idea to take account
of variation between years.

3. What units and classes will you use to measure productivity?

There are often many choices for units to use to measure a product. Some are universally used
units, others are local. For example, rattan stems can be measured in universally used units of
weight (kilograms), volume (m?) or length (metres). They also can be measured in local units
equivalent to three times the span of a man’s arms (or approximately 4 metres).

In addition to units, products are sometimes placed in classes that may be based on size, colour,
shape, or other measurements of quality. These different classes may have different uses, be of
differing quality for a specified use, or fetch different prices. For example, rattan stems are classi-
fied into grades ‘A, ‘B’ and ‘C’. This classification system is based on the stem’s colour, diameter,
length between internodes, and number of blemishes.
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Choosing which unit to use to measure the product, and whether to classify the product, will
depend upon the purpose of the inventory, the audience for whom the inventory results are
intended, and the nature of the product. For example, there are many advantages to using vol-
ume (in cubic metres) as a measurement of timber, if the audience is the government, or other
outsider agencies. However, if timber is to be assessed in terms of its use by villagers, it may be
just as valid to measure it in terms of the number of planks produced from a log.

4. When is the best time to conduct the productivity study?

The most convenient time of year for the productivity study will usually be when the products are
ready for harvesting, as it is easy to measure the products when they are harvested. However,
within a given year, more than one period of data collection may be required. One reason may be
that different products are ready for harvest at different times of the year. Another reason may be
that the product is harvested over the course of several months (e.g. fruit on fruiting season),
requiring repeated measurements to determine annual production. A final reason may be that
the product is harvested in a way that causes the destruction of the product (e.g. leaves for
wrapping food) or the entire plant (e.g. when the tree is cut down to obtain firewood). In this
case the recovery rate of the product or the growth rate of the tree should be determined by
making a series of measurements over a given period of time.

It is strongly recommended to measure productivity over several years, rather than just one year.
This is because the amount of product produced every year can fluctuate widely, especially for
fruit or nuts that are produced in large numbers in fruiting or ‘mast’ years (which occur every
seven years or so), but are scarce at other times. Measuring productivity over several years will
give you a more accurate idea of the average annual productivity. However, it is often not possible
to conduct a productivity study over such an extended period of time.

M.2. Conduct the productivity study

To conduct the productivity study, you must:
1. Enter the inventory area and find the plants selected for the study,

2. Tag and number these selected plants with some form of durable marker (e.g. strips of
brightly coloured plastic, metal tags, etc.)

3. Make the measurements of potential annual productivity as planned, whether once, twice
or at regular intervals throughout the year. Record the productivity data in a notebook.

M.3. Analyse the productivity study

When you have finished collecting the data from the productivity study, group the data by forest
type and by size, age, sex or condition class.

1. Create a table for each forest type, as shown in Table M.1. The first column should show
the size, age, sex or condition classes of the resource species under study.

2. Obtain the data from the inventory and estimate the number of plants of each size, age,
sex or condition class in each forest type in the entire inventory area. Place this information
in the second column of each table.

3. Calculate the average potential annual productivity (the average quantity of product
produced every year) of the sample trees from each size, age, sex or condition class in
each forest type. Place this information in the third column of each table.



Appendix M Planning, Conducting and Analysing a Productivity Study 341

4. Multiply the number of individuals in each size, age, sex or condition class by the average
potential annual productivity for that class to obtain the total quantity of the product
produced for each class in each forest type. Place this information in the fourth column of
each table.

5. Sum the total of all these classes to obtain the total quantity of product produced for each
forest type. Sum the totals for the forest types to obtain a total for the entire inventory
area.

Table M.1. Sample calculation of the total quantity of fruit
produced by a shrub in a given inventory area
(adapted from Peters (1996)). The inventory area
has been divided into two forest types: a) fruit
gardens and b) primary forest. The shrubs have
been divided into six size (dbh) classes.

a. Fruit gardens

Size class Average Total
(diameter at potential annual number
breast bheight Number productivity of fruit

(dbb)) of shrubs for each class produced
2.1-3.0 1800 6 108 000
3.1-5.0 910 481 437 710
5.1-7.0 200 758 151 600
7.1-9.0 60 1198 71 880
9.1-11.0 60 1896 113 760
11.1-13.0 20 3007 60 140
Subtotal for fruit gardens 845 890

b. Primary forest

Size class Average Total
(diameter at potential annual number
breast bheight Number productivity of fruit

(dbb)) of shrubs for each class produced
2.1-3.0 1200 4 4 800
3.1-5.0 590 355 209 450
5.1-7.0 175 580 101 500
7.1-9.0 65 1120 72 800
9.1-11.0 60 1997 119 820
11.1-13.0 27 2994 80 838
Subtotal for primary forest 589 208

Total for village area 1 435 098
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M.4. Apply a productivity study to a range of different products

This section describes a number of common products and gives some suggestions on how to
measure their potential annual productivity. These products include:

* Destructively barvested products: Timber, gaharu

* Destructively or non-destructively barvested products: Stems/culms, shoots, firewood,
bark, epiphytes
* Non-destructively barvested products: Leaves, honeybee hives, resin/sap, fruit/nuts/seeds.

M.4.1. Timber

Description. Timber comes from the trunks of trees. Some tree species have better quality
timber than others. In villages it is used for building houses, boats and other items.

How to measure potential annual productivity. Timber is harvested destructively. To estimate
the volume of timber produced by a tree in one year, estimate the volume of timber in the stand-
ing tree using one of the methods described in Box M.3. Return after one year to estimate the
volume again. Subtract the earlier estimate from the later estimate.

If you are estimating the volume using Huber’s formula (the first method described in Box M.3),
it may be quite difficult to estimate the increase in volume accurately as the mid-diameter can only
be estimated quite roughly. One way to increase the accuracy would be as follows. In the first
year, estimate the volume by making estimates of mid-diameter and length, and also measure the
diameter at breast height. After one year, return to measure the diameter at breast height a sec-
ond time. Assume the increase in mid-diameter is the same as the increase in dbh and re-estimate
the volume of timber for this increased mid-diameter. This assumption is made because using
two accurate measurements of dbh is likely to be more accurate in detecting the growth in vol-
ume over one year than two rough estimates of the mid-diameter.

What units or classes are used. The standard way to measure timber is by measuring its volume.
The volume is usually measured in cubic metres (abbreviated as m?®). Two ways of estimating the
volume are described in Box M.3.
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Box M.3. How to estimate the volume of timber in a tree

The volume of a tree can only be roughly estimated because a tree’s shape
is irregular both along and across the trunk. There are two possible methods
for estimating the volume of a tree:

1. Estimating volume using Huber’s formula

Estimation using this method can be done either while the tree is still
standing, or after it has been felled and cut to a shorter length, called a log.
The mathematical equation for measuring the volume is called Huber’s
formula:

Volume = (p L& )/4

In the above equation, p is 3.143, L is the length of the log or merchantable
(timber) height of the tree,® and d is the mid-diameter or the diameter at
the mid-point of the length of the Tog or tree (see Figure M.2). To use the
equation, multiply 3.143 by the length of the log or tree, and then multiply
this result by the mid-diameter of the log or tree (which has been squared,
or in other words multiplied by itself). This must then be divided by 4 to
obtain the volume.

The length of the log can be measured directly using a measuring tape if
the tree has been felled. If the tree is still standing, it is best to estimate the
timber or merchantable height using one of the methods described in
Appendix K.

The mid-diameter is measured from a point in the middle of the length of
the tree or log (as a tree’s shape usually tapers toward the top, the diameter
at breast height should not be used as it will result in an overestimate of the
volume). It is easy enough to measure the mid-diameter of a tree or log
that has been felled and lies horizontal (just use a diameter tape as described
in Appendix K). However, it is more difficult with a tree that is still standing.
One method is to measure it directly by climbing the tree to the mid-point.
Another method is to estimate the mid-diameter using the same method as
that used to estimate the above-buttress diameter of a buttressed tree (this
method too is described in Appendix K).

2. Estimating volume using a volume table

This method is much more accurate and convenient to use when the tree is
still standing, compared to the method described above. It involves
measuring the diameter at breast height (dbh) and then looking up the
volume that corresponds to this dbh in a volume table. The volume tables
have been created using data from real trees to establish a relationship
between the volume and the dbh, in a manner similar to that used in Box
M.1 to determine a relationship between productivity and plant size. These
tables have been established for specific commercial timber species in
specific districts, thus you will have to make sure you are in the appropriate
district, and that you are using the tables only for the species to which they
refer. Usually these tables can be obtained from the local Forestry
Department, or from the Forestry Faculty at the local university.

> Figure 8.5 in Chapter 8 illustrates the merchantable or timber height of a tree.
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Figure M.2. To estimate the timber
volume of a log using
Huber’s formula, you
must measure both: L,
the length of the log, and
d, the diameter of the log
at mid-point.

M.4.2. Gaharu

Description. Gaharu or aloes wood or is a special type of diseased wood found in a small, related
group of tree species. It is used to produce a scented wood or essential oil that fetches an ex-
tremely high price in international markets. The cause and nature of the diseased wood is un-
clear. Some trees have the disease, whereas others do not, and the diseased trees are often
clustered in distribution. Gaharu can be found in trees as small as 10 centimetres dbh, as well as
in larger trees. It also occurs in both tree trunks and branches.

How to measure potential annual productivity. Gaharu is harvested destructively. Estimating
the potential annual productivity of the diseased wood is very difficult due to our present lack of
knowledge on the nature of the disease that causes it and its mechanisms for dispersal. Although
there may be a relationship between productivity and size of the tree (simply because larger trees
have the capacity for more diseased wood than smaller ones) it would not be a very precise one,
because of the variability between trees in levels of diseased wood. Still it may be worth your time
to examine the strength of this relationship in your inventory area.

What units or classes are used. Gaharu is sold by weight. Quality classes, based on the intensity
of the disease in the wood, are also important.

M.4.3. Stems/Culms

Description. A stem in a young tree, a climber or a palm (such as a rattan) is called a culm in a
bamboo. Whether stems or culms, they are mainly used for building materials or for splitting and
weaving mats, baskets and other items.

Houw to measure potential annual productivity. Some plants that produce stems are clustered,
whereas other plants are not clustered and produce only a single stem. The clustered plants are
not usually destroyed when the stem is harvested, but the non-clustered plants are. In the clus-
tered plants, the potential annual productivity can be estimated by harvesting the stems, and
determining how long it takes for the cluster to replace them in quantity and size, as described in
Box M.2. However, care has to be taken not to harvest all the stems if this is believed by villagers
to lead to the death of the entire cluster. In the non-clustered plants, the potential annual pro-
ductivity of a stem can usually be measured directly, by measuring the relationship between height
(and sometimes also the diameter at breast height(dbh)) and productivity, as well as the change in
height (and sometimes also the change in dbh) over the course of one year, as described in Box
M1

What units or classes are used. Stems can be measured in units of height/length, volume or
weight. There are often quality classes for stems as well.



Appendix M Planning, Conducting and Analysing a Productivity Study 345

M.4.4. Shoots

Description. Many types of plants produce shoots, whether trees, climbers, bamboo or palms.
However, there are different definitions of what a shoot is, depending upon the type of plant. For
example, the shoot of a tree or climber is the uppermost, growing part of a branch. Similarly, the
shoot of a palm is the uppermost, growing part of the stem. However, the shoot of a bamboo is
the young, stemless bud that has just sprouted from a clump. In all cases, shoots are most often
eaten as a vegetable.

How to measure potential annual productivity. As with stems, some plants that produce shoots
are clustered, whereas other plants are not clustered and can produce only a single shoot. The
clustered plants are not usually destroyed when the shoot is harvested, but the non-clustered
plants are. In the clustered plants, the potential annual productivity can be estimated by harvest-
ing the shoots, and determining how long it takes for the cluster to replace them, as described in
Box M.2. However, care has to be taken not to harvest all the shoots if this is believed by local
people to lead to the death of the entire cluster. In the non-clustered plants, it will be difficult to
measure the potential annual productivity, as described in Box M. 1, because the shoot of a plant
does not tend to increase in size with the size of the plant (i.e. its size tends to remain constant).
Thus it would not be possible to measure its potential annual productivity as it is defined in this
appendix.

What units or classes are used. Shoots may be measured by weight, or by the individual shoot or
bundle of shoots.

M.4.5. Firewood

Description. People who use firewood for cooking are often selective of species and type of
wood. For example, small dry sticks are used to make a very hot fire, whereas larger pieces are
used to maintain heat. Thus firewood comes from the branches as well as sometimes from the
trunks of trees.

How to measure potential annual productivity. Firewood can be both non-destructively and
destructively harvested, depending upon whether only the branches are harvested, or the branches
and the trunk. If firewood is harvested destructively, it is very likely that the amount of firewood
in a tree is related to the dbh of the tree. To determine this relationship, a number of trees would
need to be felled and the amount of firewood that can be collected from them determined (as
described in Box M.1). If firewood is mostly harvested non-destructively, the time for it to recover
on the tree can be determined by asking the villagers, or by observing its growth at regular inter-
vals, to see how long it takes for the firewood to recover in terms of number of branches and
branch size (as described in Box M.2).

What units or classes are used. Firewood can be measure by bundles, weight or volume. One
quick method for estimating firewood volume is described in Box M.4.
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Box M.4. How to estimate the volume of firewood in a tree

The total volume of firewood in a tree will consist of branch as well as
possibly trunk volume. Philip (1992) describes a method for measuring a
tree’s firewood volume called stacked volume (see Figure M.3). The branch
or trunk wood is cut into standard lengths, for example 1 metre pieces, and
these are stacked between four 1 metre tall uprights that are places 1 metre
apart in a square. The stacked volume can then be recorded as stacked
cubic metres. The solid volume in the stack has been found to be
approximately 65-70% of the stacked volume.

lm

Figure M.3. Philip’s method for measuring stacked volume of
firewood.

M.4.6. Bark

Description. An example of a valuable bark is that of the cinnamon tree, which can be found
growing wild in some parts of Indonesia.

How to measure potential annual productivity. The bark of trees is sometimes harvested non-
destructively, sometimes destructively. If the bark is harvested non-destructively, the potential
annual productivity should be measured by observing a sample of trees from the time of harvest
onwards to see how long it takes for them to replace the harvested bark, as described in Box M.2.
If the bark is harvested destructively, the potential annual increase in bark volume can be calcu-
lated by estimating the bark volume of a tree two times, one year apart, as described in Box M.5,
below.

What units or classes are used. Bark is usually measured by weight or in bundles of a specified
size.
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Box M.5. How to estimate the bark volume of a tree without
harvesting it.

The volume of the bark on a tree can be estimated by subtracting the volume
of the tree if it has been stripped of bark from the volume of the tree with
bark still on it. In other words:

— Timber volume

over bark under bark

Bark volume = Timber volume

Box M.3 describes two methods for estimating the volume of timber. The
measurement of diameter (whether mid-diameter or diameter at breast
height (dbh), depending upon the method used to estimate volume) needed
to estimate the trunk volume over bark should be made in the manner
described in Box M.3. The measurement of diameter (whether mid-diameter
or dbh) needed to estimate the trunk volume under bark can be made in
several ways (see Figure M.4):

* Cut the bark so that its thickness can be measured with a ruler and
subtract this amount (doubled) from the diameter measurement for
volume over bark, or

* Remove the bark at diametrically opposed points so that the diameter
under bark can be measured with calipers.

et -
AT
RT3 &

Figure M.4. Two methods for measuring the diameter under bark:
a, cut the bark so its thickness can be measured with
a ruler and subtract this amount (doubled) from the
diameter over bark, and b, remove the bark at
diametrically opposed points so that the diameter
under bark can be measured with calipers.
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M.4.7. Epiphytes

Description. Epiphytes are shrubs or herbs that grow on trees rather than on the forest floor.
They are predominantly found on canopy trees with large branches. Orchids are one example of
a valuable epiphyte.

How to measure potential annual productivity. Epiphytes are often harvested opportunistically,
for example after a tree falls or is felled. Thus their host plant is often destroyed during the
harvest. However, sometimes the host is not destroyed, such as when the harvester climbs the
tree to collect the epiphyte. If epiphytes are most often harvested destructively, it is most likely
that the number of epiphytes on the tree are related to the tree’s diameter at breast height (dbh)
or crown diameter. To determine this relationship, a sample of trees (of the species known to
have high quantities of the epiphyte of interest) would need to be felled and the epiphytes on
their branches counted. This would be feasible if the trees were to be felled for their timber
anyway. If epiphytes are most often harvested non-destructively, the best way to measure their
recovery is to observe the tree’s upper branches at regular intervals, either with binoculars or by
climbing the tree, to see how long it takes for the epiphytes that were on them before the harvest
to be replaced, both in number and approximate size.

What units or classes are used. Epiphytes are usually sold by the plant, rather than by weight or
size. However, this will depend upon the species of the epiphyte.

M.4.8. Leaves

Description. The leaves of plants, whether trees, palms, climbers, shrubs, or herbs, have many
uses. Sometimes they are used to wrap food, sometimes as cooking herbs, sometimes as medi-
cines. Some uses require only the young leaves, others require leaves of all ages.

How to measure potential annual productivity. Leaves are generally harvested without destroy-
ing the plant on which they are growing. However, sometimes they are harvested by cutting
down entire branches rather than individual leaves. Measure potential annual production, whether
for individual leaves or branches, as described in Box M.2. This method will be relatively easy for
smaller plants such as shrubs or herbs, but difficult for trees. In palms, including rattans, leaves
are produced one at a time, growing from the top of the stem. If the uppermost leaf (or its leaf
base, if the leaf itself has been harvested) can be marked at the time of harvest, the number of
leaves that grow above it can be easily seen and counted at intervals of time after harvest.

What units or classes are used. Leaves are often sold by weight, in some cases wet weight, in
other cases dry weight. Sometimes leaves are sold in bundles.

M.4.9. Honeybee hives

Description. Wild honeybee hives are usually found on canopy emergent trees (i.e. trees that
grow much taller than the average tree height of a forest). These trees are found mostly along the
edges of rivers. Often the trees are claimed and owned by one individual or family, who return to
harvest the trees’ hives repeatedly over many years.

How to measure potential annual productivity. Honey is not usually harvested in a way that
destroys the tree, although it usually destroys the hive itself. Local villagers are likely to know
how long it takes the hives to recover to levels where another harvest can be made. However,
another way to determine this is to observe the tree’s upper branches at regular intervals, either
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with binoculars or by climbing the tree, to see how long it takes for the hives that were on them
before the harvest to be replaced, both in number and approximate size, as described in Box M.2.

What units or classes are used. Honey is usually sold by liquid volume or by weight.

M.4.10. Resin or sap

Description. Some common resins and saps in Indonesia include damar and rubber. Rubber is
an introduced species that now is found in semi-wild in agroforests as well as in plantations.

How to measure potential annual productivity. Resins and saps are not usually harvested de-
structively. It is difficult to determine the recovery period for resins or saps, although a detailed
study could be developed. Another option is to ask the villagers how long they wait before visit-
ing the same tree, and use this length of time as your period of recovery. This method assumes
that the villagers have long since worked out the period between harvesting that optimises pro-
ductivity. Peters (1992) recommends that a given tree be measured more than once, over the
course of a year at least, in case there is seasonal variation in production levels.

What units or classes are used. Resins and saps are usually measured by weight or liquid volume.

M.4.11. Fruit (including flowers, fruit, nuts, seeds)

Description. The flowers, fruits, nuts and seeds of plants have a variety of uses for villagers.

How to measure potential annual productivity. Fruit are usually harvested non-destructively. As
a plant’s fruit would have been shed regardless of whether they were harvested or not, it is not
possible to measure the time to their recovery. Instead you should determine the amount of fruit
that can be harvested over the course of a year, and the time period between periods of fruit
production. The potential annual productivity is then calculated by dividing the former measure-
ment by the latter.

There are a number of ways to estimate the amount produced by any given tree, depending upon
the nature of the tree, or the nature of the fruit. Each sample tree should be observed to see how
much fruit is produced over the year, or, if the fruit is produced seasonally, over the fruiting
season. These observations of fruit production can be done in two ways:

* Count the fruit directly, with or without binoculars. This is suitable for trees with large

fruit that are few in number and easy to see (i.e. trees like jackfruit, which produce clumps
of fruit on their trunks).

* Count the fruit fall using the method described in Box M.5, below. This is suitable for tall
trees that produce too many fruit for direct counts to be possible.
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Box M.5. How to estimate the potential annual productivity of fruit
that are difficult to count directly in the canopy

Peters (1996) describes a method of counting fruit production over one
fruiting season. The first step is to determine the area of ground underneath
the tree that is covered by the tree’s crown (called the crown area). This
can be done by measuring the distance from the trunk to the crown edge
along four perpendicular radii (Figure M.5). These distances can be sketched
on graph paper, and the area calculated by counting the squares on the
graph paper. This crown area should be divided into four, along the
perpendicular radii mentioned above. Plots should be randomly placed in
each quarter of the total area, with a quarter of the total number of plots
allotted to each quarter area (this is done because often there is more fruit
fall to one side of a tree than another). There are two options for determining
the total number of plots:

* Sample a proportion of the crown area (for example 10% of the crown
area),

* Sample a constant number of plots for each tree, regardless of its crown
area (for example, 3-4- plots to each quarter area).

Plots are usually one metre by one metre in size. They should be numbered,
their corners marked with stakes, and their boundaries marked with string.
Once counted, the fruit should be removed from the plot so that they are
not counted the next time. Estimate the amount of fruit produced by the
tree by multiplying the crown area by the average number of fruit found in
the plots over the course of the fruiting season.

Figure M.5. Measuring the distance from the tree’s trunk to the
crown edge along four perpendicular radii.



Appendix M Planning, Conducting and Analysing a Productivity Study 351

In some plants, the nuts or seeds of interest are found in varying numbers within a larger fruit.
Peters (1996) recommends that at least fifty of these fruit be opened and the number of nuts or
seeds found within them counted, in order to determine the average nut or seed production of
one fruit.

What units or classes are used. Fruit are often sold by weight. Sometimes they are sold by the
individual fruit, possibly graded by size (small, medium or large) or quality (grade A, B, C). Some-
times they are sold by the bunch.



Botanical Specimen Forms

Objectives

By the end of this appendix, you should be able to do the following:

N.1. Obtain and photocopy a botanical specimen form for trees, climbers, shrubs and herbs,
N.2. Obtain and photocopy a botanical specimen form palms (including rattans), and

N.3. Obtain and photocopy a botanical specimen form for bamboos.

Introduction

This appendix contains botanical specimen forms for recording information in the forest about
any plants which you are collecting. There are three forms, as follows:

* Figure N.1, for trees, climbers, shrubs and herbs,
* Figure N.2, for palms (including rattans), and
* Figure N.3, for bamboo.

These forms may either be photocopied or used as a basis for designing your own forms. The
forms should be used in accordance with the instructions provided for their use in Chapter 15.
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Figure N.1. Botanical specimen form for trees, climbers, shrubs
and herbs

Collector: Collection number:

Date:

Botanical name:

Local name:

Local information (e.g. meaning of name, uses for plant, significance of plant):

Location of collection:

Environmental information about the location of collection (e.g. altitude, forest type, soil
colour and composition, topography, whether the plant is exposed to sun or shade, and what
direction the slope is facing)

Description of general appearance of plant

Tree, climber, shrub or herb:

Single stemmed or clumped:

Shape of trunk (if tree):

Height (length, if climber):

Diameter:

Sketch of general appearance of plant:
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Figure N.1. (reverse side of page)

Description of plant parts

Outer and inner bark (colour, consistency and smell, and whether they change colour after
being exposed to air):

Sap or latex (colour, consistency and smell, and whether it changes colour after being exposed
to air):

Wood (hardness, colour and the smell produced from a cut in the trunk):

Leaf type (whether simple or compound; if compound, draw the pattern of the leaflets):

Leaf (colour, consistency and smell):

Flower (colour and smell) or fruit (colour, consistency, smell and taste):

Roots (any special characteristics):

Checklist of plant parts to collect:

|:| Leaf

|:| Stem (with bark, if tree)
|:| Flowers/fruit

|:| Roots
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Figure N.2. Botanical specimen form for palms (including rattans)

Collector:

Collection number:

Date:

Botanical name:

Local name:

Local information (e.g. meaning of name, uses for plant, significance of plant):

Location of collection:

Environmental information about the location of collection (e.g. altitude, forest type, soil

colour and composition, topography, whether the plant is exposed to sun or shade, and what
direction the slope is facing)

Description of general appearance of plant

Single stemmed or clumped:

If clumped, are stems close together or spread out:

Sketch of general appearance of plant
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Figure N.2. (reverse side of page)

Description of plant parts

Stem

Height of the stem (length, if rattan):

Internode length:

Diameter of stem (Diameter without leaf sheath, if rattan):

(Diameter with leaf sheath, if rattan):

Leaf

Length of petiole:

Length of midrib of leaf:

Total leaf length:

Leaflets

Number of leaflets on one side of midrib

Leaflets regular or grouped:

If leaflets grouped, how many per group:

Flowers/fruit

Colour, smell and taste

Roots

Any special characteristics:

Checklist of plant parts to collect:

Stem

Leaf sheath

Petiole

Leaf (up to 3 sections)
Climbing whip (if rattan)
Inflorescence

Roots

OO0
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Figure N.3. Botanical specimen form for bamboo

Collector: Collection number:

Date:

Botanical name:

Local name:

Local information (e.g. meaning of name, uses for plant, significance of plant):

Location of collection:

Environmental information about the location of collection (e.g. altitude, forest type, soil
colour and composition, topography, whether the plant is exposed to sun or shade, and what
direction the slope is facing)

Description of clump:

One clump or many clumps:

Diameter of clump:

Description of largest accessible culm (stem):

Total height of the culm:

Length of fifth internode from base of culm:

Diameter of fifth internode from base of culm:

Length of longest internode on culm:

Number from base of culm of longest internode:

Checklist of plant parts to collect:
|:| Culm (5th internode) |:| Branch complement
|:| Culm sheath |:| Rhizome
|:| Leafy twigs



Compilation and Calculation Forms

Objectives

By the end of this appendix, you should be able to do the following:
0.1. Obtain and photocopy, if desired, a Compilation Form, and
0.2. Obtain and photocopy, if desired, Calculation Forms 1 and 2.

Introduction

This appendix contains:

* Figure 0.1, a Compilation Form, for sorting and arranging the inventory data gathered in
the field,

* Figure 0.2, Calculation Form 1, for calculating density and quantity without their precisions,
and

* Figure 0.3, Calculation Form 2, for calculating density and quantity with their precisions.

These forms may either be photocopied or used as a basis for designing your own forms. The
forms should be used in accordance with the instructions provided for their use in Chapter 17.
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Figure O.1. Compilation Form

Area and Forest Type: Resource Resource Resource Resource Resource
Category 1: Category 2: Category 3: Category 4: Category 5:
Page of
No. of No. of No. of No. of No. of
plants plants plants plants plants

Team | Date | Line | Plot | () | G | ® |G| ® | A ® | B | ©» | ¢

Total for page:

Total for area or forest type:
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Figure O.2. Calculation Form 1

Form for calculating the density (average number of plants per ba) and quantity (number
of plants in a given area or forest type) of a given resource category

Area or forest type:

Resource category:

To estimate the density in units of number of plants per plot:

1. Sum of the number of plants in all plots: 2 y=
2. Number of plots: n=
2y _
3. Density in units of number of plants per plot: _—, y =
n

To change the density to units of number of plants per bectare:

4. Size of each plot in hectares: a=

5. Density in units of number of plants per hectare: -, Y =
a

To estimate the quantity of plants in a given area or forest type:

6. Size of area or forest type in hectares: A=

7. Quantity of plants in area or forest type: YXxA , Y =
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Figure 0.3. Calculation Form 2

Form for calculating the density (average number of plants per ha) and quantity (number of
Pplants in a given area or forest type) of a given resource category, as well as their respective
confidence ranges and the sampling error %.

Area or forest type:

Resource category:

To estimate the density in units of number of plants per plot:

1. Sum of the number of plants in all plots: 2 y =
2. Number of plots: n=
2y _
3. Density in units of number of plants per plot: - , y =
n
To estimate the confidence range in units of number of plants per plot:
4. Sum of the squared number of plants in all plots: 2 (> =
2
5. Correction for mean: (Zl) =
n
o (232
6. Sum of squared deviations from the mean: 2 > - —, SSy =
n
SSy
7. Variance of mean: n(n-1) - Vy =
8. Standard error of mean: AR SEy =
9. Student’s tat P = 0.1 (or P = 0.05): =
10. Confidence range in units
of number of plants per plot: +txSEy, c=

(Calculations continue on reverse side of page)
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Figure 0.3. Calculation Form 2 (reverse side of page)

To estimate the density and confidence range in units of number of plants per bectare:

11. Size of each plot in hectares: a=
12. Density in units of number of plants per hectare: Z , Y =
a
13. Confidence range in units of c
number of plants per hectare: =4 C=

To estimate the quantity and confidence range in a given area or forest type:

14. Size of area or forest type in hectares: A=
15. Quantity of plants in area or forest type: Y xA=
16. Confidence range of the quantity of plants: *(CxA=

To estimate the sampling error % of the density and quantity:

c
17. Sampling error %: 100 x ; , E% =



Data Forms

Objectives

By the end of this appendix, you should be able to do the following:
P1. Obtain and photocopy, if desired, a simple tally form, and
P2. Obtain and photocopy, if desired, a full data form.

Introduction

This appendix contains data forms for recording data along the inventory lines. There are two
forms, as follows:
* Figure P1, a simple tally form for counting plants but recording no further information, and
* Figure P2, a full data form for recording information on the plants and their environment.
These forms may either be photocopied or used as a basis for designing your own forms. The
forms should be used in accordance with the instructions provided for their use in Chapters 9
and 13.
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Figure P.1. A simple tally form

Area Team Date Line #
Forest type Bearing
Working
unit
Resource information
Plot Subplot Species Number of plants Number of plants Notes
number number code (tally) (sum)
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Figure P.2. A full data form
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Figure P.2. A full data form (reverse side of page)
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A

Access routes to the inventory area 65

Accuracy
How to improve 3, 155, 156, 175, 180, 310-316
Importance in participatory inventory 3, 222

Aerial photograph
Assessing whether it has the required information for making a planning map 65-67
Copying one using tracing paper 69
Description 290
How to obtain one 291-292
Making a planning map using one 67-74

Age, plant 107-111, 330, 334. See also Young plants

Aim of manual 1

Altitude. See Information about the inventory area

Analyses needed for different inventory purposes 273-280

Angle of the slope. See Slope, angle of the

Approximations to assess compatibility of cost and precision. See Compatibility of cost and precision

Area, inventory
Determining the inventory area (Objective 3) 38-39
Determining the subdivisions of the inventory area (Objective 4) 39—41
Determining what information about the inventory area is wanted (Objective 5) 42

Area size, estimating, See Size of an area, estimating
Area, smaller. See Subdivision by area
Area, table for converting units of 95

Aspect. See Information about the inventory area

B
Back bearing 75, 77

Balancing cost and precision. See Compatibility of cost and precision
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Bamboo
Age classes 110
Botanical collection form for 357
Making botanical specimens in the forest of 196197
Size classes 115
Writing notes for botanical specimens of 190

Base line 96-98

Bearing. See also Orientation
Calculating the opposite or perpendicular bearings of a bearing 304
Following a bearing in the field 305
Holding a compass to take a bearing 300-302
Taking a beating from a map 303
Taking the bearing of a feature 305

Blocks
A type of working unit 90
Subdivision by area into 39

Borderline plants. Se¢e Plot boundaries

Botanical collection forms
Calculating how many you will need 56
Examples of the forms 353-357
How to fill them in 187-190

Botanical specimens
Collection in the forest
Making specimens 191-197
Numbering and labelling 197
Writing notes in the field 187-190, 191-197
Equipment you will need for making 56, 60
Organising the schedule for collecting them 138, 140, 140-141
Preservation in the camp or forest
Preserving in methylated spirits 197-201
Pressing 199-201

Boundary, inventory area 33, 38, 81, 210-211

Boundary, plot. Se Plot boundaries; Plot boundary
Boundary, subdivision 33, 41

Boundary traverse. See Traverse, boundary

Boundary, working unit 90

Breast height, diameter. Se¢ Diameter at breast height (dbh)

o

Calculation form
For calculating the density and quantity with precision 222-224, 361-362
For calculating the density and quantity without precision 220-222, 360
For calculating the precision obtainable for a given number of plots 272
How many will you need 218, 220

Calculations
Calculating the density and quantity with precision 222224
Calculating the density and quantity without precision 220-222

Centre point of a plant 176. See also Plot boundaries
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Checking the inventory work
Assessing the checks 182-183
Conducting the checks 182
Discussing the checks in the final report 231
Importance for improving accuracy 3, 180
Organising the schedule for making checks 139, 181
Setting the check objectives 181

Climber
Age classes 110
Botanical collection form for 353-354
Making botanical specimens in the forest of 191-192
Size classes 115-116
Writing notes for botanical specimens of 188

Clinometer 56, 61, 119, 296
Clumped plants, what to do with 106, 116

Coefficient of variation % (CV%). See also Reassessment of compatibility of cost and precision
Calculating CV% 270-271
Definition of CV% 269
Form for calculating CV% 272
Using CVY% to select the most variable resource for reassessment of cost and precision 269

Collecting botanical speciments 187—197. See also Botanical specimens

Compass
Description of a compass 299-300
How to hold a compass 300-302
How to use a compass
Calculating the opposite or perpendicular bearings of a bearing 304
Following a bearing in the field 305
Measuring the angle of the slope 119, 297
Taking a bearing from a map 303
Taking a bearing of a feature in the field 305
Training the inventory team in how to use a compass 148—152
Type needed for participatory inventory 57

Compass person
On a surveying team 75-76
On an inventory work team
Doing 100% enumeration 167-168
Sampling with inventory lines 169-175

Compatibility of cost and precision
Making approximations to assess it when planning the inventory 44, 264—267
Reassessing it after one week of inventory work 141, 264-265, 268-271

Compilation form
Calculating how many you will need 56
Example of a compilation form 359
How to fillitin 216

Compiling the inventory data 216

Concerns of villagers regarding forest and resources
Facilitating a discussion with villagers of 28, 249, 251-259
Preparing to facilitate a discussion with villagers of 27, 249, 251-259
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Condition, plant 116-117, 334
Confidence limits 43, 223
Confidence range 43, 222-224, 263, 361-362. Se¢ also Precision

Cost
Choosing the cost limits desired for the inventory 42—43
Compatibility with desired precision 43, 44, 263
Definition of 42, 263

Cost efficiency. See also Precision
How to improve 3—4
Why systematic strip sampling is cost efficient 314
Why we have chosen the orientation of the lines fo 315-316

Cover, percent (%) 116
Cross-tie 76, 80

Data compilation 216

Data form
Calculating how many you will need 55
Designing a data form 125-127
Examples of some data forms 364-366
Guidelines for good data recording 177

Date on amap 73, 81, 212, 287

Decision making in the village (Stage 1 of participatory inventory)
Determining the inventory objectives 32—45
Determining the inventory purpose 26—30
Introducing participatory inventory to the villagers 10-23
Selecting the inventory team and work dates 48-50

Degrees of freedom 223

Density of a resource
Calculating the density 219-221
Definition of 16
Explaining to the villagers how to calculate it 22
How reliable is this estimate? 222

Diameter at breast height (dbh)
Description 111
How to measure it for normal trees 321-322
How to measure it for problem trees 323-324
Direction. See Bearing; Orientation
Distance, hotizontal. Se¢e Horizontal distance
Distance, slope. See Slope distance
Distance, table for converting units of 282
Duties
Camp duties 136

Inventory work team duties 136-137
Inventory work team leaders' duties 137
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Enumeration, 100%
Choosing 100% enumeration or sampling 85-86
Conducting one in the forest 167
Planning one using the planning map 87-88
Enumerators on an inventory work team 175-177
Environmental information. See Information that is wanted about the environment
Equipment
Equipment needed for participatory inventory that might be unavailable in the village 55-56, 56—62
Equipment needed for work in the forest 135-136

Error, sampling. See Precision

F

Facilitator
Definition 244
Qualities to look for in a facilitator 245-246

Features
Local names for 73, 81
Making a cross-tie to 76

Field press. See Press, field

Field reference sheets
Designing 127
Examples of 128-130

Final map
Explaining to the villagers what it is 14—15
Including it in the final report 230, 231
Making the final base map 207-211
Making the final methods map 211-213
Making the final results map 15, 213-214
Presenting it at a general village meeting 236

Final report
Designing the report for outsiders 229
Designing the report for villagers 229
Explaining to the villagers what itis 16
Suggested outline for report 230232
Follow up to the inventory
Follow up activities needed for different inventory purposes 273-280
Holding a village meeting to plan it 236-238
Writing about it in the final report 232
Forest resources. See Resources, forest
Forest type. See Subdivision by forest type
Form
Botanical collection. See Botanical collection form
Calculation. See Calculation form
Compilation. Se¢ Compilation form
Data. See Data form

Fraction scale. See Scale, fraction

Front person on the inventory work team 168-169
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G

General village meeting. See Village meetings
Geographical Positioning System (GPS) 61, 73, 162—-163
Graph paper. See Paper, simple grid graph

Graph scale. See Scale

Grid reference 73, 81, 212, 286-287

Ground surveying. Se¢e Surveying, ground

Growth form 105-107

H

Harvested annual productivity 336. See also Productivity
Hectares, table for converting them to other units 95

Height
Different height measurements on palms 113-114
Different height measurements on trees 112-113
Estimating height with a clinometer 326327
Estimating height with a ruler and a height pole 325-326
Measuring height of young plants 331
Measuring height with a height pole 324-325

Herb
Age classes 111
Botanical collection form for 353-354
Making botanical specimens in the forest of 191-192
Size classes 116
Writing notes for botanical specimens of 188

Horizontal distance
Measuring horizontal distance by holding the rope or tape level 294-295
Measuring horizontal distance from the angle of the slope and the slope distance 296—299
Training the inventory team in how to measure it 153
Why we usually use horizontal distance and not slope distance 294

Information about forest resources. See also Resources, forest
Determining the type of information wanted for the inventory 37, 105-117
Determining the range of information to be included in the inventory 37, 117-118
Information needed for different inventory purposes 273-280

Information about the inventory area. See Area, inventory
Determining the information wanted for the inventory 42
Information needed for different inventory purposes 273-280
Site description codes 121-122
Topographic indicators

Altitude 119

Aspect 119

Slope 119

Slope position 119-120
Vegetation indicators 120-121
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Information about the village. See Participatory Rural Appraisal
How to gather this information using PRA 251-259
What information is needed for participatory inventory 249-250

Information storage and security 232, 236-237

Introducing participatory inventory to the village. See Participatory inventory
Holding a preliminary meeting with the village leaders 12
How to answer the questions that the villagers are likely to have about participatory inventory 11, 12-22
Questions that villagers are likely to have about participatory inventory 11

Inventory area. See Area, inventory

Inventory, forestry. See Inventory, standard
Inventory lines. See Lines, inventory

Inventory objectives. See Objectives, inventory
Inventory, participatory. See Participatory inventory
Inventory plots. See Plots, inventory

Inventory purpose. Se¢e Purpose, inventory
Inventory results. See Results, inventory

Inventory table. See Table, inventory

Inventory team
Selecting the inventory team 49
Training the inventory team 146-156

Inventory techniques, standard. See Standard inventory techniques

Inventory work in the forest (Stage 111 of participatory inventory)
Checking the inventory work 180—183
Collecting botanical specimens 186—201
Conducting the inventory work 166-177
Locating the starting point in the forest 158—164
Organising the inventory work in the forest 134—141
Selecting inventory work dates 50
Training the inventory team 146-156

Inventory work team
Compass person
Doing 100% enumeration 167-168
Sampling with inventory lines 169-175
Duties of team leaders 137
Duties of team members 136-137
Enumerators 175-177
Estimating the number of teams available for the inventory 42
Front person 168-169
Recorder 177
Rope person
Doing 100% enumeration 167-168
Sampling with inventory lines 169-175

Islands of forest
100% enumeration of many small ones 86
A type of working unit 90
Subdivision by area into 39—40

Issues in the village to do with forest and resources.
Se¢e Concerns of villagers regarding forest and resources
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L

Land survey map 74, 289

Latin name 186, 231

Latitude and longitude. See Grid reference
Legend of amap 73, 81, 212, 287
Length, estimating rattan stem 114-115
Linear traverse. See Traverse, linear

Lines, inventory
Establishing them in the forest
Team formation for flat terrain 169-170
Team formation for steep terrain 170172
What to do when the line crosses an area excluded from the inventory 174-175
What to do when the line meets a boundary 172
What to do when the line reaches an obstacle or inaccessible area 172-174
Explaining to the villagers how they are distributed across the inventory area 21-22
Planning their location using the planning map 88-101
Spacing and orientation of the lines in systematic strip sampling
What orientation to use 88—89
What spacing to use 88
Why we use this orientation 315-316
Why we have chosen to do sampling with lines 313-315

Local names
For features on a map 73
For forest type 120
For plants 186

Manual
Aim of manual 1
How it is structured 5
How to use 5
Who this manual is intended for 1

Map, final. See Final map

Map, land survey. Se¢ Land survey map

Map, multiple purpose. Se¢ Multi-purpose map

Map, planning, Sec Planning map

Map, scale. See Scale map

Map, sketch. See Sketch map

Map, topographic. See Topographic map

Mapping techniques, standard. See Standard mapping techniques

Measuring plant size, standard procedures for
Estimating volume 343-344
Importance for improving accuracy 3
Measuring diameter at breast height 321-324
Measuring or estimating height 324327

Meeting, general village. See Village meetings
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Meeting, small group. See Village meetings
Metres, a table for converting them to other units 282
Misuses of participatory inventory, explaining to villagers what they are 18

Multi-purpose mapping, what to do if making a map for purposes other than participatory inventory 2

N
North symbol 73, 81, 212, 284-285

(0

Objective methods for selecting plots
Definition 310-312
Importance for improving accuracy 3

Objectives, inventory
Determining the area to be included in the inventory (Objective 3) 38-39
Determining the desired cost limits (Objective 6) 42—43
Determining the desired precision (Objective 7) 43—45
Determining the forest resources to be included in the inventory (Objective 1) 35-36
Determining the information desired about the forest resources (Objective 2) 36—38
Determining the information desired about the inventory area (Objective 5) 42
Determining the inventory objectives 32—45
Determining the subdivisions of the inventory area (Objective 4) 39—41
Evaluating whether or not they were met at the end of the inventory 232, 236
Including them in the final report 230

One hundred percent (100%) enumeration. See Enumeration, 100%
Organising the work in the forest 134-141

Orientation of a map. Se¢ also Bearing
Definition 284—285
Information required for the planning map 65

Orientation of inventory lines. See also Bearing

For 100% enumeration 87-88

For sampling 88-89

Why we have chosen this otientation for sampling 4, 315-316
Outputs, inventory

Explaining to the villagers what they are 14-16, 27

P

Palm
Age classes 108-109
Botanical collection form for 355-356
Making botanical specimens in the forest of 193-195
Size classes 113-114
Writing notes for botanical specimens of 189-190

Participation, explaining to the villagers what it is and why it is important 12-13

Participatory inventory
Applying PRA techniques to 1-2
Applying standard inventory techniques to 2
Applying standard mapping techniques to 2
Definition 1
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Determining whether more than one inventory is needed 34
Evaluating it at the end of the inventory 232, 237-238
Explaining to villagers how it differs from standard inventory 14
Explaining to villagers how it is done 17

Explaining to villagers what itis 13

How it was developed for this manual 1

How it was evaluated and improved for this manual 4
Introducing it to the villagers 10-23

Main stages of 5

Participatory Rural Appraisal (PRA)
How it is applied to participatory inventory 1-2
How to do PRA 252
Information about the village that may be needed for participatory inventory 249-250
PRA techniques used to gather information
Participatory sketch mapping of the village 254
Participatory sketch mapping of the village area 260—-262
Scoring and ranking 257-259
Seasonal calendars 256-257
Semi-structured interviews (SSIs) 252-253
Transects 255
Trend tables 255-256
Walks in the forest with forest experts 254
Principles of PRA 251

Photocopies of
Calculation forms 56, 60, 272, 360-362
Compilation forms 56, 60, 359
Data forms 55, 59, 364-366
Scale maps
Photocopying them 68
Reducing or enlarging them 70-71
Simple grid graph paper onto transparent sheets 55, 59

Planning map
Accuracy requited 65
Deciding whether you need to make one 66
Information required 65
Making one by ground surveying 7481
Making one from a scale map, aerial photograph or radar image 6774
Suitable size 66
Uses 65
Using one to calculate the size of the inventory area 92-95
Using one to find the starting point 158-164
Using one to plan the inventory
For 100% enumeration 87—88
For sampling 88-101
Using one to produce a final map or maps 206-214

Planning the inventory work (Stage II of participatory inventory)
Designing the data form 124-131
Organising the work in the forest 134
Planning the measurement of plants and site 104-122
Preparing the planning map 64-81
Using the planning map to plan the inventory 84—101
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Plant age. See Age, plant

Plant size. See Size, plant
Plants, small. See Small plants
Plants, young, See Young plants

Plot boundaries, determining whether a plant is within them
How to determine 175-176
Importance of this for improving accuracy 3

Plots, inventory
Definition and example 20-21, 315
Explaining to the villagers how to establish and enumerate them 20-21, 153-156
How to establish and enumerate them 166177
Why we have chosen this plot size 316

Plots, regeneration study 330, 330-331

Plots, total number of
Calculating the precision obtainable for a given number of plots 268-272
Importance for improving precision 4, 263

Point of Commencement (POC) in ground surveying 75
Potential annual productivity. See Productivity

Precision. See also Cost efficiency
Calculating it for the density and quantity 222-224
Calculating the precision obtainable for a given number of plots 268-272
Compatibility with desired cost limits 43, 263-266
Definition and example of 3, 43, 263
How to improve 4
Importance in participatory inventory 4
Precision (Sampling error%) desired for different inventory purposes 44
What to do if different levels of it are needed for different resources or areas 34
Why number of plots is more important than sampling fraction for improving it 264

Presenting the results of the inventory (Stage IV of participatory inventory)
Compiling data and making calculations 216-225
Preparing the final map(s) 206-214
Preparing the final report 228-232
Presenting the results to the villagers and planning follow up 234-238

Press, field
How to make your own 60-61
Using it to press botanical specimens 199-201

Probability level 43, 223, 270, 318

Productivity
Annual productivity 335
Harvested annual productivity 336
Potential annual productivity 336-339
Productivity at the time of one harvest 335

Productivity study
Analysing a productivity study 340-341
Applying a productivity study to a range of products 342-351
Conducting a productivity study 340
Description 38, 333
Planning a productivity study 334-340
What inventory purposes it is needed for 273-280
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Products, plant. See Productivity study

Purpose, inventory
Definition of 26
Discussing the inventory results in relation to the purpose 231, 236
Facilitating a village meeting to determine 27-29
How it addresses concerns of villagers 27, 28
Including it in the final report 230
Information and analyses needed for different purposes 273-280
Preparing a village meeting to determine 27
Statement of 28-29, 230
Why it is important 26

Q

Quantity of a resource
Calculating it 219-221
Definition 216
Explaining to the villagers how to calculate it 22
How reliable is this estimate 222

Questions that villagers ate likely to have about the inventory 11

Radar image
Assessing whether it has the required information for making a planning map 65-67
Copying one using tracing paper 70
Description 290-291
How to obtain one 291-292
Making a planning map from one 67-74

Random selection or sampling 100, 312-313
Range of information about plants. Sec Information about forest resources
Ranking. See Participatory Rural Appraisal

Rattan
Age classes 109-110
Botanical collection form for 355-356
Making botanical specimens in the forest of 193-195
Size classes 114-122
Writing notes for botanical specimens of 189-190

Reassessment of compatibility of cost and precision 141, 268-272.
See also Compatibility of cost and precision

Recorder on an inventory work team 177

Reference point
Description 65
Finding a starting point in the forest by walking from a reference point 159-161

Regeneration study
Analysing a regeneration study 332
Conducting a regeneration study 330-331
Description 38
Planning a regeneration study 330
What inventory purposes it is needed for 273-280
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Report, inventory. See Final report

Resources, forest
Determining the most important ones for a village 36
Determining what information about them is wanted for the inventory 36-38
Determining which are to be included in the inventory 35-36

Results, inventory
Explaining to the villagers how they are shown in a table 15-16
Explaining to the villagers how they are shown on a map 14-15
Presenting them to the villagers at the end of the inventory 236

Risks of participatory inventory. See Misuses of participatory inventory

Rope person on an inventory work team 169-175

S

Sampling
Deciding whether to do sampling or 100% enumeration 85-86
Definition 2
Explaining to the villagers what it is 20
Planning sampling with inventory lines using the planning map 88-101

Sampling design 88, 230, 313-315. See also Systematic strip sampling
Sampling error % 43, 224. See also Precision
Sampling fraction, its influence on the precision 264

Scale
Adding it to a map 73
Calculating distances on the ground from distances on the map and vice versa 282284
Fraction scale 282-283
Graph scale 283-284
Matching scale to size of inventory area 70
Modifying the scale by enlarging or reducing the scale map 70-71

Scale map
Assessing whether it has the required information for making a planning map 65-67
Copying one by photocopying 68
Copying one using tracing paper 68—69
Description and examples 289-290
Enlarging and reducing the scale 70-71
How to obtain one 291-292
Making a planning map from one 67-74

Schedule, inventory
Explaining it to the villagers 19
For all the work in the forest 141
For the working unit 138-141

Scoring. See Participatory Rural Appraisal (PRA)
Security of inventory information. See Information storage and security
Sex, plant 116, 334

Shrub
Age classes 111
Botanical collection form for 353-354
Making botanical specimens in the forest of 191-192
Size classes 116
Writing notes for botanical specimens of 188
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Simplicity
Importance in participatory inventory 3
Why systematic strip sampling was chosen for partipatory inventory 313-315
Size of an area, estimating the 92-95
Size, plant 111-116, 177. See also Small plants
Sketch map
Making a sketch map 260-262
Using it to add information to the planning map 73, 81
Using it to discuss inventory objectives 33, 38
Slope. Se¢e Information about the inventory area
Slope, angle of the 77, 296-308
Slope distance 77, 294, 298-299
Slope position. See Information about the inventory area
Slope table
For establishing the inventory line 308
For ground surveying 306
Table to use for determining hotizontal distance when making a map by ground surveying 298
Small group meeting, See Village meetings
Small plants. See also Size, plants
Choosing a lower limit to the range of sizes to include in the inventory 117-118
Enumerating them in an inventory 177
Why they are costly to include in the inventory 37
Smaller area. See Subdivision by area
Spacing of inventory lines 88
Square metres, converting to other units of area 95
Standard inventory techniques
Explaining to villagers how it differs from participatory inventory 13-14
Explaining to villagers what itis 13
How it is applied to participatory inventory 2
Standard mapping techniques 2
Standard procedures for measuring plant size. Se¢e Measuring plant size, standard procedures for
Starting point
Choosing which method to use to find the starting point 159
Finding the starting point by using GPS 162-163
Finding the starting point by walking from a completed inventory line 162
Finding the starting point by walking from a reference point 159-161
Statement of inventory purpose
Adding it to the inventory report 230
Using it as a visual display for village meetings 33
Writing it with the villagers 28-29
Station of a traverse 75
Step chaining on steep slopes 295
Storage of inventory information. See Information storage and security
Student’s ‘t’ table
Definition 318
How to use it 319
The table 319
Using it in calculations 223, 270
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Subdivision by area
Determining whether an inventory area should be subdivided 39
Types of smaller areas 39—40

Subdivision by forest type
Determining whether an inventory area should be subdivided 40
Recording forest type for productivity study 334
Types of forest types 41
Vegetation indicators for forest types 120-121
Subjective methods for selecting plots 310-312
‘Successive approximation’ method of determining a sustainable level of harvesting 280
Surveying, ground, making a planning map by 7481
Systematic selection or sampling 312-313
Systematic strip sampling
Description of 88-89
Importance for improving cost efficiency of 4

T

Table, inventory
Explaining to the villagers what itis 15-16
Including a table or tables in the final report 231

Table, slope. See Slope table

Table, Student’s ‘t’. Se¢e Student’s ‘t’ table

Table, volume. Se¢ Volume, table

Team, inventory. Se¢c Inventory team

Topographic map 289-290

Tracing a scale map, aerial photograph or radar image 68-70

Training the inventory team
Importance for improving accuracy 3
Organising the schedule for training 141
Planning the training session 147—148
To enumerate the plants and record the information 155-156
To establish the inventory line 153-155
To use the compass 148-152

Transparent photocopy of simple grid graph paper. Se¢e Photocopies of

Traverse
Boundary or closed traverse 74
Linear or open traverse 74
Making a map from traverse information 78-80
Making a traverse 75-76
Recording a traverse 77—78
Tree
Age classes 108
Botanical collection form for 353-354
Making botanical specimens in the forest of 191-192
Size classes 111-113
Writing notes for botanical specimens of 188

Type, forest. See Subdivision by forest type

Type of information about plants. Se¢e Information about forest resources
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U

Units, working, Se¢e Working units
Universal Transverse Mercator (UTM). See Grid reference

Uses of participatory inventory, explaining to the villagers what they are 28

\'/

Village leaders
Holding a preliminary meeting to introduce patticipatory inventory 12
Signing a statement of inventory purpose 28

Village meetings
General village meetings 242
How to facilitate decision making 247
How to make presentations 246—247
How to plan a village meeting 243-245
Small group meetings 242-243
To determine the inventory purpose 27-30
To discuss and determine the inventory objectives 33—45
To introduce participatory inventory to the villagers 12-23
To present the results of the inventory and plan follow up 235-238

Volume, timber 343-344

w

Watersheds
A type of working unit 90
Subdivision by area into 39—40

Who the manual is for 1
Work, inventory. See Inventory work

Working units
Deciding whether to divide an inventory area into working units 90
Difference between working units and smaller areas 92-93
Types of working units 91-92

Y

Young plants
Choosing a lower limit to the range of ages to include in the inventory 117-118
Enumerating them in a regeneration study 330
Why they are costly to include in the inventory 37. See also Age, plant
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