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SUMMARY

Between March 1980 and June 1982 a forest inventory of

107,850 ha of reserved forest comprising Subri River, Bonsa
River, Pra Suhien, and Neung Forest Reserves in the Western
Region of Ghana was carried out. A stratified sample of 1 ha.
fixed plots on a systematic 1.25 by 1.5 km grid was employed.
Subplots of 0.04 and 0.08 ha were used to estimate understorey
trees to 5 cm diameter. A total of 505 plots were laid.

In addition volume sampling was carried out by optical dendrometry
(1441 trees) and felled sampling (102 trees over 40 cm
diameter). The felled sampling included large and samll trees,
and estiamted bole and branch wood. A total volume tarif

was produced, as well as bole volume tarifs for species groups.

Results showed average total volumes around 460 m3/ha of
which 54 m3/ha was bole wood of guality timber species,

72 m3/ha of pulp and paper species, and 234 m3/ha extractable
for wood energy. With the estimated stacking factor of
0.624, wood energy averaged 375 steres/ha. Residual wood
comprised 100 m3/ha of very small material, buttress wood,
etc not practicably utilisable. Large size classes were
somewhat deficient, with heavy regeneration in all reserves,
consistent with their logged-over condition, but considerable

quantities of valuable timbers remain.

Some species were widely distributed and common such a

Piptadeniastrum africanum, a useful construction timber.

Turraeanthus africanus useful for pulp or plywood was very

common in Pra Suhien FR, and common on parts of Subri River FR.

Other common species were Dialium aubrevillei, Uapaca guineensis,

Parkia bicolor, Ceiba pentandra, and Sacoglottis gabonensis.

A permanent Forest Inventory Unit was established to permit
extension of the inventory to other reserves by the Ghana
Forestry Department. Data processing facilities based on
low cost microcomputers were introduced and proved reliable,

cost-effective, and easily used by local staff.
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1. INTRODUCTION

1.1 Objectives

The present author's terms of reference were to prepare

stand tables by size classes and species of total volume

on Subri River, Bonsa River, Neung, and Pra Suhien Forest
Reserves, in line with the recommendations of an earlier
consultant's report [1]*. The principle objective of this
exercise was to provide basic information for the planning
and management of these reserves for the production of

renewable energy.

Secondary objectives were the training of Forestry Department
personnel in inventory procedures, instrument use, and

data processing and analysis. These secondary objectives
were crystallized into the formation of a Forest Inventory
Unit within the Forestry Department which should retain a
capability for ongoing inventory operations and mensurational
analysis after the closure of UNDP/FAO project.

Interest in a pulp and paper mill at Daboase led to inventory
analysis focussing to some extent upon the availability

of indigenous pulp and paper species, and providing useful
data in this respect to a number of visiting missions

concerned with the mill.

Mensurational studies carried out by the author on plantation
species are not covered by this report, but are detailed
elsewhere [6]; another report should be forthcoming on taper

functions for Gmelina arborea.

1.2 Backaround

Figure 1 shows the four forest reserves included in the

inventory. Their respective areas are as follows:

* Numbers in square brackets are references.
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Subri River FR 57,030 ha.

Bonsa River FR 16,370
Neung FR 16,370
Pra Suhien FR 18,080
Total 107,850 ha.

According to Hall's recent classification of forest ecosystems
in Ghana [2], these reserves lie in the moist evergreen forest
zone. The Forestry Department's older classification
according to Taylor [3] places the reserves on the transition
petween the rainforest and the moist semi-deciduous Celtis-

Triplochiton forest.

Rainfall varies from 1800 mm per annum on the western margin
of the inventory zone to 1300 mm in the east. Topography is
generally undulating, sometimes steeply so, at altitudes from
50 to 170 m. above sea level. The area 1is transected by
numerous small rivers, which drain ultimately to the Pra or

Bonsa Rivers.

The forests have mostly been exploited for commercial timbers,
sometimes on a number of occasions. This has lead to an
enrichment of smaller size classes, and an impoverishment of the

primary economic species. Secondary species (e.g. Turreanthus

africanus, Avodire; Piptadeniastrum africanum, Dahoma) are

still found in considerable quantity and appear to be
regenerating well. Evidence of this logging activities is
widespread, both as crown and bole damage, and from the
network of extraction roads. Many of these latter proved
useful during the inventory for four-wheel drive access and as
footpaths. Pra Suhien is however the only reserve of the

four in which logoing is still current on a significant scale.



2, SAMPLING METHOD

2.1 Sampling desiagn

In line with earlier consultant's recommendations [1], it

was decided to use a systematic sampling design, stratified
into blocks. The blocks were considered to be primarily
logistic rather than statistical in function. Within blocks,
plots were laid on a 1.5 by 1.5 kKm square grid (Bonsa River,
Neung, and Pra Suhien FR's) or a 1.25 by 1.5 xm grid (Subri
River FR). The orientation of the grid was variable between
blocks and was determined primarily by logistic and

topographic factors.

2.2 Plot layout

The plot layout was as suggested by the original consultant
[1], but with minor amendments. Figure 2 shows the dimensions.
Each plot was 250 m. long, subdivided into five sections

for recording purposes. The plots were 20 m. wide each side
of the access lines giving a total of 250 by 40 m. or 1 ha.
area. At the start of the main plot two overlapping subplots
were recorded, termed A and B respectively. Subplot A was

20 m by 20 m. Subplot B was 40 m. by 20 m and included A,
Different diameter measurement limits were imposed on subplots

A and B as against those on the main plot, as detailed below.

Measurements taken on the plot were as follows:

Main plot : Diameter and species of all trees
40 cm diameter and above.

Subplot A : Diameter and species of all trees
of 5 cm and above.

Subplot B : Diameter and species of all trees

of 10 cm and above.

Diameter was either measured by girth tape graduated in Wcm

units; or, where this was not possible, estimated optically
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using a Relascope. The point of measurement was at 1.3 m.
above ground except for buttressed or aerial rooted trees,
where it was 1 m. above the point of convergence of the
buttress or aerial roots.

Species identification was by trained tree spotters, and was
hased on the list given in Appendix A. This is a revision of
an older Forestry Department list made by J.B. Hall for the

project in June 1980,

2.3 Block lavyout

Figure 3 shows the typical organization of plots within a block
for one example. The main access lines run parallel, either
from the reserve boundary, or from a base line. Block areas
ranged considerably, as shown in Table 1, generally becoming
larger as the work progressed. This reflected the increasing
efficiency of the inventory teams, as the blocks were intended

to represent one month's work by a team.

The access lines between plots were surveyed by chain and

compass, with slope corrections being applied on slopes over

~0 , s . ) ;
57, All forest reserves are marked with boundary pillars
of concrete at 880 vard ( c¢. 800 m.) intervals. Field

instructions included a map of each block, similar to figure
3, and compass bearings and distances for each line and plot,
initially starting with the numbered reserve boundary pillars.
Outline maps of each reserve showing the boundary pillar
locations and numbers are available from the Forest Planning

Branch of the Forestry Department in Kumasi.



Table 1 : Details of Inventory Blocks

Block Area No. Plots

Sampling %

SUBRI RIVER

WoO~Nou bdwN-

3960 24
2310 11
3690 21
4240 19
5030 23
2130 15
2860 195
4100 19
5660 25
10 3710 18
14 3170 13
12 4360 24
13 3130 20
14 2980 15
15 3210 17
16 2490 13
Total 57030 ha. 292
BONSA RIVER
1 5320 212
2 6020 26
3 5030 23
Total 16370 ha. Tl
NEUNG
1 3140 14
2 4920 20
3 8310 34
Total 16370 ha. 68
PRA SUHIEN
1 7990 34
2 10090 40
Total 18080 ha. 74
Grand total 107,850 ha. 505

0.41

o
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3. VOLUME ASSESSMENT

3.1 Use of volume tarif

To proceed from the data on tree diameters and species to

volume estimates required a volume tarif to estimate volume

from diameter. Construction of such a tarif implied the

measurement of volume on sample trees. Ceneral procedures
and methods for such samplinc are discussed in (4.

In the present work, two types of tarif were developed:

a, Bole volume tarif based on the measurement of

standing trees. The bole volume will be closely

correlated with timber volume, but, because 1t omits

branchwood and buttresses, 1is not sufficient for a

fuelwood and pulpwood inventory.

" Total volume tarif based on the measurement of

o

felled trees. Total volume includes all wood in the

buttress, bole, and branches, 1n the present case

Total volume is closely related to potential

pulpwood, fuelwood and charcoal vields, but 1s not

'

a good indicator of timber yield.

[\

Bole volume tarifs

(O8]

down to a practical measurement limit of 5 cm diameter.

The role volume tarif was derived from measurement of upper stem

diameters using the wide-angle Spiecel Relascope mounted or

a tripod. The general procedure was to measure and record

i
cne

diameter and height at the reference point (1.3 m. or above

buttress), at the point of crown-breakX or the first large
s P 2

and then at %, %, and % of the total bole height, giving 5

branch,

he sampling crews travelled with the enuneration teams and

picked one large tree (diameter over 40 cm) per record unit



(see figure 2) on each plot. The criteria for selection
were that the tree should be of reasonable form and the
bole clearly visible for measurement.

The raw diameter and height data were then converted to hole

=
T

t

volumes by computer, and used to update the coefficien

-

estimates for a regression model of the form:

V =a_ + b .D -(3.1)
3
where V 1s bole volume in m~, D is diamter in cm., and ag and
bS are species-specific coefficients. & second computer
program then crouped the individual species reagressions into
those which were statistically similar at the P=0.99 level.
These then became the tarif groups for similar species.

The computer program usage is described in Appendix B.

The bole volume tarif work was an ongoing and relatively

inexpensive operation.

3.3 Total volume tarifs

Procress in total volume estimation was severely limited by the
availability of chainsaws, fuel, lubricants, spares, workshop
staff, and hence was both much delayed, and more limited in

scope than would have been desirable.

The procedure finally adopted was to fell an area of some

5.8 ha as for the normal Subri Conversion Technique L5], but
with the operations being carried out by the inventory teams.
The total area was subdivided into 9 plots, as per figure 4.

Cn each plot, the following procedures were carried out:

. Tfor trees less than 40 cm diameter

8]

The trees were measured for diameter, felled, cross-cut
into 1 m. lencths, stacked, and the external dimensions
of the stacks recorded.



i

T

There are 9 plots, with plot
as showrn.

numbers and areas
The total area is 5.8200 ha.

a felled for total volume sampling

11



A sub-sample of stacks were measured piece by piece
to obtain stacking factors to convert stacked volume
to solid over-bark volume.

b. For trees over 40 cm diameter

Trees were measured standing for bole volume by Relascope
and then felled. Bole and large branches were measured

by diameter tape. Small branches were cross-cut and
stacked. EZole volume, branch volume, and buttress volume
were estimated separately. The standing measurements were
to provide a check on the accuracy of Relascope estimation.

In all 101 large trees were felled and measured on the

5.8 ha. experimental area. This was a much smaller sample

than was desirable, but within the operational constraints

that existed, was the bkest that could be achieved. Results
of the tarif determinations are discussed with the other

inventory results in section 6.



4.1 Personnel structure of field team

uding two line cutting and survey parties and one

g

on party. A small section of three or four labourers

o)
was also placed in charge of the kase camp. Ffhe structure
s

team

r;_]
(o
D
[
o N

©
h
i

icer-in-charge : Senior Technical Officer

Line cutting party 1

lechnical Cfficer : booking

Technlical officer : compass & clinometer
Labourers (4) : poles & tapes

Labourers (4) : cutting & brushing

Line cutting party 2
ag for LCP 1L

Enumeration party
Technical officer : booking
Technical officer : Relascope

Forest quards (4) : tree identification
Labourers (4) : krushing
Volume assessment group
Technical officer : Relascope
Labourers (3) : Tape & brushing
Pase camp
Labourers (4) : cooks & camp boys. Usually on
rotation with cutting & brushing
labs.
Driver (1) : communications & emergency transport
Field team totals:
Senior Technical Officers 1
Technical Officers 7
Forest Guards 4
Drivers 1
Labourers 27

Ihe names of the personnel actually employed on the inventory
e

exercise are given in app



Ideally, it was intended that two full teams should be
operational at once. In practice, a variety of other tasks,
including plantation inventory, volume sampling, and control
re-enumerations disrupted the pattern, and resulted in a
situation were there would be three line cutting and two

enumeration parties, one of which would do control re-enumeration.

The greatest limiting factor was the shortage of adequately
trained Forest Guards for tree identification. DMost of

the older Forest Guards could identify the primary and
econdarv commercial species, but the minor species were

often not being identified correctly. Future inventory

projects should bear in mind the need for training in this

area.

The organization was also rather top-heavy with Technical

Officers. Those solely engaged in booking could have been
replaced by trained and literate labourers. However, the

Forestry Department wished to train Technical Officers in

inventory procedures, and for this reason, the structure

described above was retained.

4,2 Logistic support

4,2.1 Cransport

Transport available to the inventory for most of the period
of active operations consisted of two long-wheel base petrol
Land-Rovers, and the occasional use of a 7 or 10 ton truck.
This latter facility was used exclusively at the heginning of
the month to convey the bulk of the labour force with rations
and tents as near as possible to their intended base camps.
Land Rovers were used for interim communications and recconn-
aissance, and also for bulX transport when no truck was

avallable.

his situation was not very satisfactory.

H

o

ANC=NeVvVer

@)

5

2trol use,

o]
6}

e
S a very uneconomical vehiclie with respect to

i
and was also heavily overstressed 1n its bulk transport role.



Nor were sufficient vehicles available for supervisory
personnel to travel to the field on a recular basis. This

necessarily affected the quality of the work.

2.2 Food supply

The food supply situation in the villages bordering inventory
areas was cgenerally inadequate with respect to oils and
proteins, althouch carbohydrate staples such as cassava and
plantain could be had. Prices were however at all times high

relative to salaries.

In this situation, the World Food Program supplies distributed
through the Forestry Department were of the greatest
assistance. Lack of adequate storage and transportation

to the field created problems, but it could be said with a
lare measure of truth that the success of the inventory
operation was a direct consequence of the availability of

World Food Program rations.
4.2.3 Shelter

Initially, large tropicalized tents of military desian,
housing 12-15 men, were used for shelter. These items,
imported under the UNDP equipment budget, were very
satisfactory for the first year, but thereafter began to

deteriorate, and were unserviceable after about 18 months.

Locally made tents were also tried. However, the canvas was
not treated with anti-fungal agents, and they disintegrated

within a few days in the rain forest.

Subsequently plastic sheeting was used in conjunction
with lean-to shelters made from bamboo and raffia. These
are moderately satisfactory and of low cost.

Village shelter was occasionally available, althouch no where

5 : 3 \ , . T+ 7
on the scale envisaced by the consultant's report 1 ].
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4,2.4 Clothing

No special clothing or clothing allowance was provided to
inventory workers, in spite of the fact that their personal
articles suffered considerable damage in the constant walking
through heavy bush.

Boots were provided on a fairly regular basis. The initial
distribution was from Forestry Department sources. A
subsequent issue was funded from the UNDP equipment budget
after experlience showed that locally available boots were

of inadequate quality to be cost-effective, usually

deteriorating within a few weeks.

[\

4.2.5 General comments on equipment

In the consultant's report, little attention was paid to the
cost of logistic support and personal equipment, as at the
time (1977) most of these items were readily available from
local sources and could be supplied by the Forestry Department.
Consequently there was no proper budgetary provision for these
items from UNDP sources. However, by 1980, very few items
were available on the local market, and almost all needs had

to be met from UNDP funds.

4.3 Schedule of operations

e schedule of operations carried out 1s shown diacrammatically

=
oy

in figure 5. Generally a full team was kKept at enumeration

i
t for a breakx during the major wet season of 1981 (July-
Aucust) when other tasks were undertaken. The remaining
personnel in the Inventory Unit undertook other mensurational
tasks such as planatation inventory and volume sampling

(see [6] for details), but occasionally a full second team

was orcanized, as between March and June 1981.

The table below shows the start and finish dates for the

enumeration of each forest reserve, and the number of man-months

= IE -
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required:

start finish m/m
Subri River IR 1 Aug 80 31 Jun 81 600
Bonsa River FR 1 Nov 81 31 Jan 32 120
Neung FR 1 Feb 82 30 Apr 82 120
Pra Suhien FR 1 May 82 30 Jun 82 120
relled volume sampling 1 Jul 81 31 Jan 82 280
Total man-months 1240
4.4 Costs
Table 2 shows the basis of the average cost estimates. It

is helpful to separate costs for enumeration from those for

cutting access lines, as a different sampling design (e.g.

cluster sampling) could reduce the line cutting required for

the same proportion of enumerated area.

From table 2, the following unit costs can be estimated:

Item man/months
Enumeration per plot 0.7604
Access line, per km 06923
Plot total(enum. & access) 1.9010
Cost per sz forest sampled 0.8901

The followina assumptions are used in deriving these

estimates:

Cedis *
380
346
950
445

Average distance of line cut per plot is 1.65 km.

Average monthly salary including allowances is £500.

3. Enumeration is 40% of total cost, line cutting 60 %.

* Official rate: 1 US 8 is 2.75 Chana Cedis.
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5. DATA PROCESSING

5.1 Introduction

In line with the second objective described in section 1.1,
that of providing the basis for ongoing management inventory
by the Forestry Department, a data processing system was

set up based around low-cost desk top microcomputers, for
the processing of inventory and other mensurational data.
The latter included the plantation inventory and yield

tables described in [ 6].

Computer systems can be divided into hardware i.e. the physical
machinery of computer, printer, keyboard, and display etc.;

and software, or the computer programs which instruct the
system to carry out the required functions. The software

can in turn be divided into the system software, supplied

by the manufacturer to carry out basic general purpose

functions, and applications software, desicgned to execute

specialized tasks required of the computer in a particular

application.

5.2 Description of inventory data processing system

5.2.1 Data capture

During plot measurement, tree diameters were recorded in
pencil together with the vernacular names of species on
form inv/4. Relascope volume measurements were recorded on
form inv/8. Examples of these forms are shown in Appendix D.
The indigenous names were later converted to code numbers
via the species 1list. Completed forms for plots during a
month were returned to the Inventory Unit computer centre

for entry and validation.



Plate 1 : Computer system being used to process
forest inventory data




5.2.2 Data entry, validation, and correction

Data was entered directly from the computer Keyboard onto
magnetic discette (see plate 1). In the case of plot
enumeration data, the TXED screen editor [8] was used to
construct a file according to the format described in
Appendix B. For Relascope volume measurements, a specialised
program (A of the inventory suite) was used for simultaneous

data entry and validation.

Enumeration data entered via TXED was subsequently validated
using program G of the suite. Correction of errors noted

at this stage was by the screen editor TXED.

A1l data was thus stored on magnetic discettes. A single
discette can hold 480 kilobytes of effective data, equivalent
to around 300 plots of enumeration data, on the RML 3802 FDS-2

system.

5.2.3 System hardware

The system used was a Research Machines RML 380Z computer
with 56 kilobytes of random-access memory and twin 8"
discettes. An OKI Microline 80 printer was attached.
Technical details of the hardware are given in the system
manual (7], whilst Appendix E gives details of the

supplier and specifications.

To provide back-up in case of hardware failures, two identical
systems were installed. This allowed components to be
switched between a functioning and mal-functioning machine
until the fault is isolated to a particular circuit board,
cable or device. In the case of circuit boards, faults can
be further isolated to a particular chip when these are

socketed.

In practice no hardware faults have occurred since the
systems were installed (commencing June 1980) except for an

older Anadex DP 8000 printer, which failed and was replaced by



the OKI Microline 80 printers in January 1981. These latter

have functioned faultlessly.

The system was installed in several stages. Originally two
RML 380Z computers were purchased with cassette tape backing
store in June 1980, together with the Anadex DP8000 printer.
The latter failed in October 1980 and was sent to the UK for
repair. After return, it failed again, and was written off.
Two OKI Microline 80 printers were installed in February 1981.
In June 1981 the FDS-2 8" disc systems arrived, together with
additional memory for one of the RML 380Z systems, which had
originally been only 16K bytes. In September 1981, the
display screen was upgraded from 40 to a variable 40/80

character width with new circuit boards.

The total capital cost of the system developed in this way
was 223,000, Current replacement cost for the two systems
would be 214,000, reflecting the reduction in microcomputer

prices since 1980.

5.2.4 System software

The operating system provided with the RML 380Z FDS-2 system
was CP/M. This is a widely used disc operating system for
desk top machines using the 7Z80 processor. The RML380Z

also has a ROM (read-only memory) monitor which in the
current version is COS 4.0. This controls the primitive
functions of the machine, including the valuable diagnostic
'software front-panel', and provides a batstrap loader for
the disc operating system. Both these operating systems are

documented in detail in the system manual L7,

Additional system programs supplied and used for data entry
and correction and program compilation are the TXED screen
editor [87], the BASIC interpreter [9], and the FORTRAN

compiler [11]. The latter includes a relocating assembler

with Zilog mnemonics [10].
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5.2.5 Applications software - the inventory program suite

The inventory program suite documented in Appendix B
constitute the main applications programs for the indigenous
inventory data processing. In addition some regression
analysis described in section 6 was carried out using the
SNIFTA multivariate nonlinear regression package documented
i% [ 127,

The inventory suite is coded in the BASIC language, with the
various functional programs being called via a common "“menu”
program which 1links them all together. . Operation is designed
to be interactive and easily learnt by staff at the technical

level.
The programs provide the following functions:

- Entry and checking of relascope volume data; creation of
a volume function masterfile for each species; grouping
of species volume functions according to similarity of
form; and creation of species-aroup files for the stand

table programs.

- Error checking of inventory data, covering diameter ranges
appropriate to each subplot, species number rance, and

format and sequence of plot and subplot headers.

- Definition of species groups to be included in a partic-
ular analysis, and selection of data files to be

included.

- Calculation and printing of stand tables of stem numbers,
bole volumes, and total volumes with details of sampling

errors.

- Comparison of plot original and re-measurement data with
summary output of trees inconsistently identified or

measured, to control quality of field work.



5.3 Data processing operations

Apart from the inputs by the present author in developing
the original programs, three persons are regquired to
operate the computer system for normal inventory and

mensurational work loads. They are as follows:

1. Inventory Unit officer-in-charge

Duties: Apart from administration and planning of all
inventory and mensurational work undertaken for the unit,

must be fully conversant with BASIC programming and able to
write programs for inventory analysis, and volume calculation.
Must be familiar with the use of multiple regression

programs. Will carry out himself or direct the carrying

out of mensurational and inventory analysis as required.

Qualifications: Tertiary qualification in forest science.

Post-graduate degree or diploma in mensuration or inventory.

2. Programmer
Duties: Day-to-day operation of the computer system.
Maintenance of disc files and records. Programming
under direction in BASIC and other high level languages.
Data entry and editing. Running inventory suite of

programs.
Qualifications: University degree in computer science.

3. Clerical assistant

Duties: Assist with data entry. Collation and filing
of printouts. Cleaning computer equipment. Operation

of reprographic equipment for inventory reports.

Qualifications: Secondary school leaver.



6. INVENTORY RESULTS

6.1 Tree total volume tarif

The felled volume sampling work referred to in Section 3.3
resulted in 101 trees over 40 cm. being measured in detail
for buttress, bole, and crown volumes. Figure 6 shows the
total volume data thus obtained, plotted on logarithmic

axes. A regression model was fitted to this data of the form:
V.= a + b. log,, D -(6.1)
where V is tree total volume, D 1is tree reference diameter

in cm, and a and b are coefficients. This equation gave

the following results:

a -3.30972
b 2.28048
RZ 0.84761
Residual sd 0.14213

After conversion by taKing antilogs to both sides, eguation
(6.1) becomes:

V = 0.0004900947 D2'28048 -(6.2)

Only large trees (over 40 cm) were included in this sample,
and the probability therefore existed of bias when the
equation was used to estimate volume of trees less than

40 cm in diameter. Smaller trees had not been measured
individually for volume. Instead, volume of small trees
was recorded on a per plot basis for the 9 plots; and

a stand table of diameter distribution was also recorded.

Applying equation (6.2) to the stand table for the nine
plots gave a predicted volume for small trees Vp, which
could be compared with the observed volumes Vo’ The
average ratio of these quantities for the nine plots

represented the correction factor for bias to be applied when
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Tree volume (m3)

Figqure 6

: Total volume tarif for indigenous trees
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using the total volume tarif for small trees. The ratio

was estimated as:
vp/ v, = 0.7410 -(6.3)

When calculating volumes using the total volume tarif, the

following system was used:

-~ If tree diameter was 40 cm or over, equation (6.2)

was applied.
- If tree diameter was less than 40 cm, volume was

calculated from (6.2) and then multiplied by the
factor 0.7410 to give estimated total volume.

6.2 Bole volume tarifs

The bole volume tarifs used for calculating inventory
results were derived from optical estimates of upper stem
diameters sampled as described in section 3.2, and recorded on

form inv/8 (Appendix D).

Two computer programs (Modules A and C of the inventory
system described in Appendix B) were used to process the data:

- Module A calculated bole volume V and diameter D from
raw relascope observations, and updated species

regression statistics on a disc file comprising:

N number of trees sampled for that species

EDZ sum of diameters squared

ED4 sum of squares of diameters squared

Y sum of volumes

EVZ sum of squares of volumes

EDZV sum of products of volumes and diameters squared

stored for each species sampled.



- Module C grouped species whose regression coefficients
for the model:

V = a + b. D2 -(6.4)

were not significantly different at the P=0.99 level,
and then printed details of the tarif groups formed.

A disc file was also formed as output summarizing the
pooled regression ccocefficients for each tarif group,
and the codes of the species included in that group;
this file was read by the stand tables program (module

J) when bole volume estimates were required.

The data collected from relascope volume measurement on the
reserves covered by this report comprised 1441 sample trees
from 132 species. These are grouped into the 5 volume tarif
groups described in Appendix F, with one 'average' tarif
derived from the pooled regression to be used for volume

estimation with species not sampled.

Figure 7 compares the overall pooled regression based on
1441 trees measured by relascope with the homologous
regression (equation 6.4) fitted to the bole volumes from
the sample of 101 trees felled and measured on the ground.
It will be seen that the two functions are reasonably
comparable, given the differences in size and geographic
origin of the sample, and the differences in measurement
method.

Relascope volume sampling requires great care and accuracy.
Figure 8 gives a direct comparison between bole volume
measured by Relascope and that measured by tape after felling,
for the 101 sample trees. The figure shows that of 94 valid
measurements (7 were rejected due to recording errors) 34
were more than t 30% in error. The 30% error limit represents
instrument error if the average relative diameter viewed by
the Relascope is 1% bands. These results suggest that there
is considerable scope for improved accuracy through further

training and better supervision of field personnel. They
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Bole volume,

Figure 7 : Bole volume tarifs derived from Relascope and
felled volume sampling
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also underline the importance of controlled felling for
volume sampling, not only for total volume estimation, but

also to check t=ze standard of relascope use.

Note that for zole volumes quoted as such in results below,

the tarifs in Acpendix F were used. For total volume,

equation (6.2) was used, with modifier ratio (6.3) for

Ssmaller trees {less than 40 cm.).

6.3 Consistencv of species identification

To check on the reliability of species identification, 69
of the total of 505 inventory plots were measured twice,

on separate occasions by different field crews, and the two
sets of data compared by means of program H in the inventory

data processing suite (see Appendix B for details).

The results obtained showed that of the 266 species observed
down to the 5 c= diameter 1limit, only 50 were identified
with over 70% consistency. Consistency of identification in
this context is defined as the ratio of correct observations
to the total nu—ber of observations for a species. Correct
observations are those that occur on both the original and

remeasurement plots.

-

Taking differenz diameter limits made little difference to
the number of stecies consistently identified, as shown

below:

Diameter

limit, cm. 5 40 80
Total trees

observed 8962 4217 637
Total species

observed 266 207 102
Species > 70%

consisten= 50 52 45

For publication purposes, those species identified with

over 70% consis=zency at diameters 40 cm and above were

..
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483
478
481
483
82
22
323
341
7
365
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538
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A
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874
531
B&7

Table 3 :
consistency

List of species identified with over 70 %

ALBIZIA FERALSINZA
ALSTONIA 30ONEI
ANTHOSTERR RBUBRYANIM

ANTIARIS TOXICARIA(A. AFRICANREA. wClHITSCHID
ANTROCARYDN XICAASTER

BERLINIR CCCIZENTALIS

BOMBAX BREVICUSPE

CANARIUM SCHWEINFURTHII

CEIBR PENTENDRAR

CHLOROPHORA EXCELSA

CLEISTOPHOLIS PATENS

CORYNANTHE PACHYCERAS

COULA EDULIS

DRCRYDDES {LAIMEANA

DIRLIUN ALBREVILLEI

DICSPYROS GRBUNENSIS

ELAEIS GUIMEENSIS

ENTANDROPHRAGHA CANDOLLEL

ZRYTHROXYLUM #ANNIL

FUNTUMIR AFRICAMA

GLARER CEDRATA

HERITIERA UTILIS{TRRRIETIR UTILID)
KEAYCDENDRCN BRIDELIDIDES(CASERRIA BRIDELICIDES)
KFAYA IVORENSIS

LANNER WELWITSCHII

LOPHIRA ALATA

LOVOR TRICHILICIDES

MARRNTHES ROBUSTR(PARINARI ROBUSTA)
MITRAGYNA CILIRTA

MONCDORA MYRISTICA

MUSANGA CECACPIDIDES

MYRIANTHUS ARBORELS

NALCLER DIDERRICHII

OHOUBAKA AUBREVILLEI

ONCOKER GORE

PACHYPODANTHIUM STAUDTIL

PARKIA BICOLCR

PENTADESHA BUTYRACEA

PIPTRADENIASTAUM AFRICANLM
AROTCHEGRBRRIA STAPFIANA

RICINGDENDRON HEUDELOTII

SARCOGLOTTIS GABONENSIS

SCYTCPETALLM TIEGHEMII

TERMINALIA IVORENSIS

TRILEPISILM #ADAGASCARIENSE(BOSQUEIR ANGOLENSIS)
TRIPLOCHITON SCLERDXYLON

TURRAEANTHUS AFRICAMLS

URPACH GUINEENSIS

VITEX FERRLGINGR

IONTHOXYLUM GILLETII(FAGARA MACROPHYLLA)

= B4 =

Local nase(s)

DUAGYENNE
BWIEMFOSAMING/ALBIIZIA
SINURD

YAYA

KYIRIKLSA

KYENKYEN

RPRCKUMA

KWATAF C-MPRECA
ONYINAKOBEN/DURKCBERE
BEDTWONLA/CAARILN
CHYINA

ooun

NGONENKYENE

PARPRAMA

BODWLE

ADWEA

DUABANKYE

KUSIBIAI

ABE
PENKWA-AKCA/CANDOLLET
PEPERANINI

OKRE
KWRBOHCRO/GLAREA
NYRNKDHM
AKOKCSRADEE
DUBINL /MAHCGANY
KLMANINI

KRKU
HUBINIBIRI/WRLNUT
AFAMBERE
SUBRHA/ABURA
WEDERBA

ODWLA

NYRRNKUMA

KusiA

0DII

KUMDWIE

fsgrA
RBOTOASEBIE
DAHIMA

AGYARERE

kAR

FRWERE

OPRIN
EMIRE/EMERL
OKURE

HEWO
APAPAYE/AVEDIRE
KONTAN
OTWENTOROWA
KU

Usage codes

MJ
VI
SYJX

MR

AR

S
MTVYCJIR
5YX
HTCIR

HTVCIR
HiR

3¢
MTJR
HTCR
HJR

uT
VY IPY

"3
HCJ



chosen for individual listing on the stand tables. Table
3 gives the relevant species. The key to the usage codes
will be found in Appendix A.

It is probable that some misidentifications are correct to
the generic level. For example, the Diospyros species have
very similar external appearance, being small, very straight
trees with hard black, vertically fissured bark. Some

tree spotters tend to lump all such trees as ‘'Kusibiri'

(D. gabunensis) whilst others label them 'Sanza-minika'

(D. sanza-minika). Unfortunately, with the temporary plots

used on the inventory, it is impossible to build up a

matrix of cross-identifications between similar species.

With permanent plots, this would be relatively easy,

and constitutes an impertant argument in favour of their use.

6.4 Post-stratification of inventory blocks

The total of 24 inventory blocks used for pre-stratifying
the sampling area can be grouped in various ways according
to geographic or ecological considerations. Table 4 shows
the abundance (expressed in total volume per ha., m3) of

17 common species from the list of reliably identified
species in Table 3. Each of the species included is either

the first or second most abundant on some one block.

On the basis of an examination of the species abundances,
and of geographical factors, the following post stratifica-

tion is performed:

(1) Subri River Forest Reservwe's 16 blocks are concatenated

to 7 blocks, as follows (see figure 9):

Block A: 01d block 5. Ecologically similar to E below,
but geographically separated. Likely to be
the main plantation area if the Daboase pulp

mill is established.
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Block B:

Block C:

Block D:

Block E:

Block F:

Block G:

Each of
Suhien)

treated

01d blocks 1 and 2. Wetter and hillier areas
than to the east, on the wet evergreen forest
margin. This is indicated by the increased

presence of Dialium.

01d blocks 3 and 4. Characterised by a high
proportion of Sacoglottis gabonensis (Fawere).
Fredominantly swampy, level areas. Uapaca

and Heritiera are also common.

01d blocks 6 and 7. Flat areas transected by
many small rivers. Heavily logged in past.

Not swampy (sandy soil). Dominated by
Turraeanthus africanus (Avodire) and Afrostyrax

lepidophyllus (Duagyenne).

01d  blocks 12, 13, 14, and 15. A large
homogenous area of undulating country similar
to block A, and dominated by Dahoma (Piptaden-
fastrum africanum) and Ceiba pentandra (Onyina).

0l1d blocks 8 and 9. Swampy transitional zone

similar to C but lacking Sacoglottis.

Dialium is more common, perhaps indicating
higher rainfall.

014 blocks 10, 11, 16. Piptadeniastrum is
again the commonest species, but lacks the

high proportions of Ceiba found on E.

the smaller reserves (Bonsa River, Neung, Pra
is sufficiently internally homogeneous to be

as a single block.



o 2 4 6 8 10 kms

scale: c. 1:200,000

JhN

Block G
9,370 ha.

Block F

; Block E
9,760 ha. 13,680 ha.
Block C
7,930 ha.
Block D
4,990 ha.
Block B
6,270 ha. Block A
5,030 ha.
Figure 9 : Revised stratification of Subri River FR,

based on species abundances




6.5 Volumes of timber, pulp, and fuelwood

Table 5 shows the volumes of wood on the inventory area
according to different usage categories. These categories
have been devised with the specific features of the

Subri Conversion Technique [5] in view, and are as

follows:

1. Timber Timber volumes include species usable
for quality veneers, heavy construction, and
joinery, house-framing, etc. However, pulp
species are excluded from the group. Timber
volumes are over-bark bole volumes from the
reference diameter measurement point (1.3 m or
1 m above buttress) to the point of crown-break.

Only trees over 40 cm diameter are included.

2. Pulp There are approximately 25 indigenous species
suitable for pulp. Volumes in this case are
total volumes to a measurement limit of 5 cm., and

include trees down to 5 cm diameter.

3. Carbonisable wood includes all wood. other than

pulp species and the bole wood of timber trees,

but excludes the residual wood that is practically
unharvestable. Carbonisable wood is expressed in
both m3/ha over bark, and in stacked m> per hectare,
or steres/ha. The conversion factor used is

0.624 m3/stere (see Section 6. ).

4. Residual volume is estimated at 30% of the difference
between total volume and pulp and timber volumes.
Practical field experience has shown that even with
intensive control of charcoal-making operations,
only about 70% of the total volume is harvested[13].
Constraints of time and cost would appear to make

gathering of the balance impracticable.

The table shows that on Subri River FR as a whole,

carbonisable volumes are around 234 m3/ha, being c. 50% of

= 30 =
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the total volume to a 5cm measurement limit. Timber yields
are around 54 m3/ha. Approximately 72 m3/ha of pulp species
can be realised. 1In locations where Turraeanthus is abundant,

pulp yields am locally much higher. Block D for example,
which is close to the proposed pulpmill at Daboase, carries
a total of 703,000 m3 of pulp on 4,990 ha within 12% km of
the mill,

It is worth noting that yields on block A are generally
lower than those on the rest of the reserve. This reflects
the salvage logging that has been carried on in that part of
the reserve since the early 1970's in anticipation of
plantation development. Subri block A is the preSent site

of most project activities.

The specific species included in each group are shown in

Appendix A.2,

The figures given in Table 5 are means, and not reliable
minimum estimates. The latter are not additive between
categories, making logical presentation in table form
difficult. Table 6 shows the sampling errors for the
pulpwood and total volumes, together with reliabile

minimum estimates at the 95% level.

It can be seen from Table 6 that the coefficient of
variation of the volume means is around 3%% for total
volume, and 10% for pulpwood volume. This is well within
acceptable limits. Figure 10 shows the distribution of

individual plot total volumes.

.
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6.6 Size distribution of stocking and volume

The tables given in Appendix C show details of the distribution
of total volume and stocking between species and size classes.

Table 7 synthesises some relevant details from this information.

Rows a and b of the table give the stocking per ha., respectively,
of the reliably identified species (listed in Table 3), and

of all trees. Row c gives the percentage of the stocking
included in the reliably identified species. It can be seen

that total stocking is of the order of 997 stems per ha,

of which 955 per ha. are less than 40 cm diameter. Overall,

28% of the trees are reliably identified, but above 40cm
diameter, this rises to around 50%, with a trend of increasing

reliability with increasing tree size.

The diameter distribution of stocking is the classical

reverse J shape usually associated with mixed-age natural
forests. The stocking of larger trees appears to be relatively
low, whilst that of small trees is high, suggesting that the
forest is in a dynamic stage of recovery between logging

cycles, which is in fact the case.

Rows d-f of the table show the distribution of volume by

size classes for the reliably identified species, all species
together, and the percentage of reliably identified volume.
It can be seen that the volume distribution differs markedly
from that for stem numbers. Whilst trees over 40cm diameter
account for only 4% of the total stocking, they account for
£2% of total volume. The percentage of reliably identified

volume is similar to that for stocking.

Row g of the table shows the cumulative percentage of volume
above a certain size class. Thus, 62% of the volume is
above 40 cm diameter, 44% above 60 cm, etc. These refer

to tree diameters, and not to piece diameters. The latter

subject is discussed in the next section.

Bole volumes can be calculated by the inventory system.
Tables for bole volumes could not be included in Appendix C
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for reasons of space. Row h in table 7 gives the bole
volume distribution for trees over 40 cm diameter. It can
be seen that for the 40-60 cm class, about 68% of total
volume is constituted by buttress and branchwood, mostly the
latter. The percentage of branchwood falls to about 42%
in the larger diameter classes, Overall, 70% of the total
volume 1s made up of branchwood, buttresses, and trees

below 40 cm diameter. Only 30% comprises the boles of
larcger trees; that is a total of 138 m3/ha of bole wood from

461 m3/ha of total volume.

Row j gives the coefficient of variation of total volume of
all species (row e). It can be seen that it is well within
acceptable limits. In particular, the sparsely populated

150 cm plus class is sufficiently sampled by the %% inventory.

A more efficient sampling design, using relascope plots giving
a sampling fraction dependent on diameter class is an

obvious way of cutting inventory costs. The information given
in Table 7 and in the separate tables in Appendix C would

help in optimizing such a design.

6.7 Ratio of solid to stacked volume

During the felled tree measurement operations detailed in
Section 3.3, small trees, and branchwood of larger trees,

were cut into 1 metre lengths and stacked. The exterior
dimensions of the stacks were measured, and converted to solid
volume by a factor derived by sampling. The sampled stacks

were measured piece by piece to give exact solid volume.

The sample comprised 19 stacks, measured in detail. Figure 11
shows the frequency distribution of the ratios of solid over
stacked volume. The mean stacking factor is 0.6247, with a
standard deviation of 0.07289 m3/stere. This agrees well with
the figure determined by Xant [14] for split wood of 0.6337.
The stacking factor used in another project report L13] of

0717 m3/stere appears rather high.
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In all the mensurational work connected with this report,
which involves conversion to or from stacked volumes, a

factor of 0.624 m3/stere has been used.

o
21

Q

ure 11 : Frequency distribution of stacked volume
conversion factors

10

8 A mean 0.6247
s.d. 0.07289
n 19

number of stacks sampled
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ratio of solid to stacked volume, m3/stere

6.8 Size distribution of standards in Subri Conversion
Technique

The characteristic silvicultural technique adopted on the
project of which this inventory forms a part is the Subri
Conversion Technique [5]. This involves leaving 30-40
'standards' per hectare of valuable rainforest species,

after the balance of the forest has been felled for carbonis-
ation, and agrisilvicultural plantation establishment. The

standards form an overstorey over the plantation crop.



During the demarcation of the felled volume sampling area
described in Section 3.3, standards were markKed in accordance
with the normal prescription for the Subri Conversion
Technique. These standards were subsequently enumerated and
their diameters recorded, on a plot by plot basis, although

species was not individually assessed.
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Ficure 12 : Size class distribution of standards

on felled volume experimental area

Figure 12 above shows the frequency distribution of

the diameters of standards on the 5.8 ha felled volume
experimental area. The mean diameter of standards was

21.7 cm. The standards averaged 16.7 m3/ha total volume,
comprising 9% of the total volume present prior to felling.
The average stockina per ha. of standards was 29.1 trees,

with the confidence limits for the mean stocking being between
23 and 34 stems/ha.

The measurements above are compensated for losses during
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felling, but not those which arose from a serious storm
shortly after, which broke a number of crowns on the area.
The total volume on the experimental area averaged 224 m3/ha,
which represents a low stocking compared with the majority
of the reserve (see figure 10); only about 2%% of all
inventory plots had stockings lower than this. Hence

the distribution of standards may not be typical of what

would occur on better stocked areas.



7. CONCLUSIONS & RECOMMENDATIONS

7.1 General conclusions

The results presented in the last section support the
contention of many ecologists that tropical rainforest is one
of the most productive ecosystems. The 107,850 ha. covered
by the present inventory have an average above-ground

woody biomass of 446 m3/ha. Around 10% of the area has

volumes exceeding 600 m3/ha.

A total volume conversion system such as the Subri

Conversion Technique can yield on average around 350 steres/ha
of carbonisable wood, plus 50 m3/ha of bole wood of quality
sawtimber species, and 70 m3/ha of pulpable volume. Volumes
on the reserves covered are generally higher than those

where project operations are currently focussed, in the
South-East of Subri Reserve; possibly this is due to salvage
logging on the project site in the early 70's in anticipation

of the pulp mill due to be established at Daboase.

Certain species are common and well-represented in all

areas. Pre-dominant among these are Dahoma (Piptadeniastrum

africanum) which is an acceptable timber species with good

properties for heavy construction work. Uapaca quineensis, also

a good sawtimber, Dialium aubrevillei, Heritiera (Tarretia)

utilis, Parkia bicolor, and Sacoglottis gabonensis all

3 , ;
exceed 10 m /ha over Subri River Forest Reserve as a whole.
. 3 .
Dahoma amounts on average to 24 m~/ha over Subri. In Pra

Suhien Forest Reserve, Avodire (Turraeanthus africanus) is

nearly three times as abundant as Dahoma, at 75 m3/ha.
Avodire, apart from being a utility timber and plywood
species is very suitable for pulping, and exists in quantity
both on Pra Suhien, and the South East of Subri River Reserve,

close to the proposed pulp mill at Daboase.

The mensurational results from the inventory show that
between 50 and 70% of the volume of indigenous trees is in
the branches and buttresses, not normally used by conventional

harvesting methods. The general total volume table and
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bole volume tarifs in Appendix F are useful results; they

can be used to estimate volume of standing trees from diameter
only, and the volume of stands from a diameter frequency
distribution (stand table). The total volume table suffers
from the deficiency that it is based on a small sample only
(102 trees) which does not allow partitioning of species into
form classes. The bole volume tarifs, although based on a
large sample (1441 trees), were derived from optical
dendrometry, which does not appear to have been carried out

as accurately as could be desired.

Species identification by inventorv crews was also much less
successful than they imagined. Control plot remeasurement of
about 10% of the plots showed that only 50-odd species were
being identified with over 70% consistency. Many of those
which were mis-identified were valuable timber trees.

It is possible that some mis-identification 1is correct to the
generic level, but the system used did not allow this to be

quantified.

The sampling method, originally recommended in a consultancy
report by Adlard [1], proved robust and effective. Sampling
errors for groups of common sSpecies were generally below

10% for 30 or more plots. Over Subri River Reserve, total
volume in all size classes had a coefficient of variation of
less than 1%%. It is possible that plotless angle-count
sampling would have been more efficient than the fixed 1 ha.
plots used, but bearing in mind the strictures mentioned in
L15] regarding the necessity for close supervision to avoid
pias, the fixed plots used may well have been the optimum

system under the circumstances.

The data processing system developed incorporates modern
and reliable microcomputer systems programmed in BASIC.

The programs are designed to be used with a minimal
knowledge of the internal operations invlioved, and can be
handled by trained technical officers from the Forestry
Department to produce inventory tables. The modular design
of the system will allow future addition of alternative

modes of analysis, e.g. cluster sampling, or different types
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of report generation. This system will remain operational
after the completion of the UNDP/FAQO project, and is a useful

secondary benefit from the inventory exercise.

About 15 Technical Officers have received extensive training
in mensurational techniques and instrumental methods. One
professional officer has been trained in depth in computer
data processing and BASIC programming, as well as in multi-
variate analytical techniques. A computer programmer was
also trained, but regrettably resigned his post shortly

afterwards.

7.2 Recommendations for future inventory work

The following recommendations relate particularly to
future inventory work in Chana. There 1s at the moment
interest in conducting a National Forest Inventory exercise,

possibly with the assistance of external funds.

1. Inventory design The present systematic ogrid design

has advantages in that the coverage of the data is
uniform and suitable for mappina forest types and
vegetation patterns. The fixed plots used are robust
and easily demarcated, although theoretically less

efficient than plotless sampling.

Continuation of the main features of the present design

1s therefore recommended.

2. Sampling intensity The %% sample adopted is unnecessarily

intense for total volume sampling and agaregate data
for oroups of 50 or more species. The intensity could be
be reduced to %%, using a 2 km square grid, without any

serious deterioration in the utility of the results.

3. Field equipment Any inventory project requires vehicles,

personal clothing for the workforce, shelter, and
instruments. None of these are available at present on
the local market. The optimum type of vehicle 1is

probably a 3-ton diesel pick-up. The use of off-road



vehicles such as the Land-Rover is not recommended on
a routine basis, although they are required for

supervisory staff; they should also be diesel powered.

l'ents should be of heavy-duty tropicalized design.
Plastic sheeting may also be used for shelter; but tents
are recommended for more senior staff. Facilities such

as camp-beds, lanterns, etc., must also be provided.

Volume sampling The sample in the present inventory of

102 felled trees was insufficent. At least 2000 trees of
all species need to be felled and measured in detail to
build volume tables of bole and branchwood. Recovery
studies should also be made for sawlogs. Appropriate
provision is required for adequate numbers of chainsaws
and spare parts. Sampling and analysis should aim to
estimate taper functions and species form-groups.

Optical sampling is not adequate.

Permanent plots Permanent plots should be laid down at

an intensity of 1 ha per 5000 ha on a stratified random
basis to allow increment estimation. Permanent plots
can also function as a training area for tree identification

and dendrometry.

Tree identification The services of an expert tropical

forest dendrologist are required on any future inventory,
to train tree spotters, and prepare practical identification
gquides. The project should bhe equipped to process colour

plates for teaching purposes.

Data processing The existing facilities will remain

operational for at least 5 years. However, 1lmprovements
are desirable. The rather idiosyncratic mixed BASIC/
assembler programs should be replaced by some which are
more machine independent. The adoption of the UCSD p-
system for the RML 380Z's would be of benefit in this
respect. A data processing/mensuration consultant 1is
likely to be a continuing necessity for successful

inventory operations.
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