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Abstract

The policy for natural forest exploitation within the forest estates of Ghana is that of sustainable management. In this connection, yield regulation is recognised as an essential component of sustainable management of the forest resources. Several approaches to yield control have therefore been tried in the past, often as a temporary measure until more information on forest dynamics can be obtained to improve the system. Some of these past methods, as well as the current yield regulation protocols are reviewed against the backdrop of the limitations that have rendered them impractical as tools for controlling over-exploitation of the forest resources. The development of a pan-tropical yield regulation system that uses the kind of minimal data that is often available from PSP programmes may enhance the effectiveness of these controls.

Introduction

Yield regulation is an integral part of forest management in Ghana, and various methods have been adopted in the past in an attempt to ensure sustainable management of the forest resources. This is in consonance with the dictates of the forest policy, which has the primary objective to:

‘…Manage and enhance Ghana’s permanent estate of forest and wildlife resources for preservation of vital soil and water resources, conservation of biological diversity and sustainable production of domestic and commercial produce.’

In this connection, efforts have been made over the years to evolve an efficient system for controlling the yields of forest produce in a way that would ensure the achievement of sustainable production.

These efforts have, however, been dogged by several limitations, principally borne out of the lack of adequate information. Nevertheless, the search for better methods continues, as more information becomes available with time.

In this paper, the evolution of the various methods that have been applied in the past is reviewed and the reasons for their failure are discussed. The current method in force is also discussed, together with the limitations inherent in its application.

Ghana’s forest resource base

Ghana occupies a total land area of approximately 23.9 million hectares. About 34% of this total (8.23 million hectares) were closed forest at the onset of the present century (Sayer et al., 1992). Currently, the permanent forest estate covers only about 1.63 million hectares of high forest, and 0.88 million hectares in the savannah zone.

The estimated national standing stock (Figure 1) in the high forest zone is 188 million cubic metres (Ghartey, 1989). For sustainable production, an annual allowable cut (AAC) of 1.1 million cubic metres, representing a 70% cut from an estimated total increment of 1.57 million cubic metres has been considered adequate. This AAC comprises 600,000m3 from the reserved forest and 500,000 m3 from off-reserves.

[image: image1.wmf]Figure 1. Summary estimates of stocking in the natural forests of Ghana.

3572

763

139

1955

154

11

1111

27

2

0

500

1000

1500

2000

2500

3000

3500

4000

dbh > 30cm

dbh > 70 cm

dbh > 110 cm

Number of stems per km²

FIP 1

FIP 2

FIP 3


It is estimated (Aninakwa, 1996) that approximately 760,000 hectares of net productive area remain in the reserved forest estate for the production of timber. This area is expected to produce 600,000 m3 of all Class I species from a yield of 0.79 m3ha-1yr-1. But the 32 species that are actually harvested by concessionaires can yield about 300,000 m3, from an estimated annual yield of 0.40 m3ha-1yr-1.

It is the concern over a dwindling resource base, in spite of stringent efforts at regulating the yield over the years, which has accelerated the processes that would hopefully result in the development of a more efficient system for yield control.

Past yield regulation procedures in Ghana

Early attempts at yield regulation were by the time of passage system, mainly on a 25-year felling cycle. Yields were based on rough estimates of times of passage between one girth class and the next higher class, which could be the minimum exploitable girth. Time of passage was first calculated by Jack and Kinloch based on Girth Increment Sample Plot data from untreated forest for the various economic classes (Danso, 1975). But the increment data were not representative of typical growth rates, as they were generated from records obtained over very short periods. These earlier calculations were based on growth rates of up to 10 mm yr-1, but more recent estimates show typical growth rates of 5 mm yr-1 (Alder, 1989) for most high forest tree species.

In 1971, the salvage felling system was introduced on a 15-year felling cycle (Baidoe, 1976; Ofosu-Asiedu, et al. 1995). Essentially, this system was aimed at removing all over-mature, dead and dying trees in the selection forest to ensure that better forest regulation and silvicultural treatment protocols would be developed during the period. However, the objective of developing a new management and silvicultural system was not achieved, and the practice went into a second cycle until 1989, resulting in excessive canopy opening. All told, the system was not sustainable, as the prescribed yield tended to exceed the growth rate.

Four main yield regulation methods, mostly modifications of classical European methods for ‘normal’ forests, have been applied in the past and these are discussed in the following sections.

Yield regulation by area and basal area – the Kinloch method

This method involved the division of the working circle into annual coupes of nearly equal areas on a 25-year felling cycle and was known as the ‘Kinloch Method’. In the absence of local volume tables or yield equations for the various species, basal area was the easiest means of expressing the yield. This, in itself, was not a serious limitation. The yield was calculated by predicting the increment accrued over the time of passage from a minimum breast height diameter (dbh) of 50 cm to a minimum exploitable dbh of 70 cm and 90 cm for the various species economic classes. The increment was calculated separately for each economic class and the yield equated to the increment of that class. Essentially, therefore, annual allowable cut was equated to the increment.

The deficiency in this method was that it was not based on reliable growth data. Also, mortality was neglected. Increment was calculated over two phases of the tree’s growth cycle, i.e. from 50 cm - 90 cm dbh, and 90 cm – 150 cm dbh for the various economic groups of species, assuming the times of passage for the two growth periods. Therefore, the method had the tendency of retaining many over-mature trees in the forest. This resulted in the preponderance of over-mature trees, necessitating the introduction of salvage felling operations in 1971.

Yield regulation by area and girth limit

Another method was tried, which also allocated yield in basal area and assumed equal times of passage for all diameter or girth classes. Essentially, it was similar to the Kinloch method, the main difference being that it included a second minimum exploitable diameter for yield prescription. The annual coupe was determined on a felling cycle and time of passage of 25 years, without any consideration of mortality.

Adam (1989) has demonstrated that the method prescribed a slightly higher yield (about 10%) than the Kinloch method, and the yield for the next felling cycle was about 5% lower. Consequently, the tendency was to over-cut the forest if the stocking was irregular, as the method actually resulted in the removal of all trees above the minimum exploitable diameter instead of the increment. On the other hand, if the stocking was regular, yield tended to be confined to the minimum diameter and the next higher class. In effect the yield was likely to fluctuate, especially as increment was not taken into account. The management implication of this deficiency was that the prescribed yield was either high or low depending on whether the actual time of passage from one girth class to the other was longer or shorter than 25 years.

Yield by number of stems – Kadambi’s formula

A third method of yield regulation that was applied in the past was referred to as Kadambi’s formula. This method allocated yield in terms of number of stems, and assumed an equal time of passage of 30 years for all trees, using a diameter class interval of 20 cm for trees of 50-cm dbh and above. A survival rate of 75% was also assumed for trees moving from one diameter or girth class to the next.

Kadambi’s formula was a variation of the Hufnagl yield formula, which allocated the yield for a diameter class by multiplying the number of stems in that class by the average volume. Owing to the absence of volume tables for the various species at the time, the average volume was not factored into the modified formula. Yield for the subsequent felling cycle was predicted by Brandis’ method.

As indicated by Adam (1989), Kadambi’s method prescribed a higher yield in the first cycle than the two other methods discussed above. The value of the method depended on the accuracy in the time of passage and the survival percentage assumed. A comparison of the yield prescribed by the three methods discussed so far is presented in Table 1.

Table 1. Comparison of the yield prescribed by the Kinloch, Girth limit and Kadambi methods based on stocking data from an annual coupe of 7.25 km² in Asenanyo Forest Reserve, Ghana (after Adam, 1989).

Method of calculation
1st felling cycle
2nd felling cycle


No. of stems
Basal area m²
No. of stems
Basal area m²

Kinloch
299
273.69
-
-

Girth limit
261
301.89
290
286.74

Kadambi
350
360.24
255
187.18

Salvage felling

In 1971 it became necessary to remove the large number of over-mature trees in the forest. The ‘yield’ therefore comprised all trees larger than the minimum felling girth by 30 cm. It was intended to last over a period of 15 years, but was carried over into a second cycle, without any regulation of the yield prescribed. The management implication was that the removal of over-mature trees would create room for the suppressed under-canopy trees to enhance their growth.

The limitation of this method was that it was applied without taking into account the diameter distribution of species or their increment; neither was there any provision for the retention of seed trees. This situation  not only resulted in the creaming of the forest, but also led to the loss of genetic quality and biodiversity.

Current method of yield planning and regulation - the interim yield formula

In the early 1990’s, efforts were made to revise these earlier systems of yield control, with the aim of ensuring that the forest would be cut at a more sustainable level by regulating the intensity of exploitation. However, the lack of reliable growth and yield data continued to impose limitations on the development of a yield control system that was based on a well-researched understanding of forest dynamics. Therefore the revised formula was considered as an ‘Interim Yield formula’, pending the availability of better growth data from the re-designed PSP programme.

The interim yield formula is based on a 40-year felling cycle, a period considered adequate for the forest to recover sufficiently from harvesting to allow sustainable removals in the next cycle. The number of trees to be removed is regulated by minimum diameter limits. The formula limits the number of trees of each FIP class 1 species to ensure that only the growth achievable within the 40 year felling cycle is removed.

Two variants of the formula are applied, depending on the species’ availability and the vegetation zone in which they occur. For Red and Pink star species
 in the wetter forest (i.e. wet evergreen (WE), moist evergreen (ME), moist semi-deciduous south-east (MSSE) and moist semi-deciduous north-west (MSNW) vegetation zones), the normal formula is applied as follows:

Z = 0.2X + 0.5Y
(1)

For scarlet star species in the drier forest (DS) zone a reduced formula is applied to increase the retention. The objective is to allow stocks of over-exploited species and those in fire-prone and degraded forests in the transition zone to build up. The reduced formula is:

Z = 0.2X + 0.25Y
(2)

Where Z is the number of trees above the felling limit to be harvested, X is the number of trees in the 20-cm size class immediately below the felling limit and Y denotes the number of trees above the limit. If Y is less than Z the yield is reduced to Y-2 to allow for the retention of a minimum of two seed trees per compartment of approximately 128 hectares (Wong 1995). Table 2 demonstrates the use of these formulae as applied to stocking data from a forest reserve.

A recent modification to the method is the introduction of a forest condition score from stock survey data. Scoring is done in each compartment at 60-m intervals on a scale of 1 to 6 during a 100% stock survey, indicating the general condition of the forest (1 = Excellent, 2 = Good, 3 = Partly degraded, 4 = Mostly degraded, 5 = Very poor and 6 = Not forest). This shows whether the forest is well stocked or generally degraded, and moderates the levels of harvesting in a particular compartment, depending on its suitability for exploitation.

A rule of thumb, which is also applied in allocating the yield, is that a maximum of 3 and 2 trees per hectare should be taken from the wetter and drier forests respectively, with a retention of 40% seed trees per compartment to facilitate regeneration of the forest.

Table 2: Calculation of the yield from stock data from Compartment 21 in Boi-Tano Forest Reserve, Ghana, using the IYF for species with felling diameter limits of 110 cm and 90 cm. The shaded portion shows the felling limit class.

Felling limit 110 cm


Species
Diameter Class Distribution


Values
Selected yield


30-49
50-69
70-89
90-109
110-129
130-149
150+
Y
X
Normal
Reduced






FL







ANT



2



0
2
0.4
0.4

CAN



3
8
7
1
16
3
8.6
4.6

CP



1



0
1
0.2
0.2

DO



47
49
39
22
110
47
64.4
36.9

EA




1


1
0
0.5
0.25

KI



2
4


4
2
2.4
1.4

LOP



13
8
9

17
13
11.1
6.85

MIL



2
4


4
2
2.4
1.4

NAU



11
15
10
8
33
11
18.7
10.45

RHI







0
0
0
0

TIE



6
11
7
9
27
6
14.7
7.95

TOTAL



87
100
72
40
212
87
123.4
70.4



Felling limit 90 cm


Species
30-49
50-69
70-89
90-109
110-129
130-149
150+
Y
X
Normal
Reduced





FL








AFZ


8
9



9
8
6.1
3.85

ALZ



1



1
0
0.5
0.25

AMP


29
20



20
29
15.8
10.8

AMI







0
0
0
0

DIA


54
36



36
54
28.8
19.8

DIS


7
6



6
7
4.4
2.9

GC


1




0
1
0.2
0.2

GT


2
3
1


4
2
2.4
1.4

HAN


18
26



26
18
16.6
10.1

KLA


18
17



17
18
12.1
7.85

LOV


13
15
7


22
13
13.6
8.1

MIC


8
12



12
8
7.6
4.6

PAR


28
13
3


16
28
13.6
9.6

PEM


21
13
1


14
21
11.2
7.7

TI


6




0
6
1.2
1.2

TS


4




0
4
0.8
0.8

TOTAL


217
171
12
0
0
183
217
134.9
89.15

The principal limitation of the Interim Yield Formula (IYF) is that it does not take into account tree growth rates, mortality, recruitment or other influences such as logging damage and its effects on regeneration. The introduction of the forest condition score was expected to compensate for this deficiency by minimising possible degradation of the forest.

Sustainability of the Interim Yield Formula

As Alder (1995) points out, a sustainable harvest is one that can be repeated indefinitely. The IYF has undergone several reviews (e.g. Vanclay 1993, Foli 1994, Alder 1995, Wong 1995) to test its sustainability. Not surprisingly, varying conclusions have been drawn from these reviews. For example, Foli (1994) demonstrated that the IYF, variable between ecological guilds and star groupings, is generally sustainable when evaluated against Alder’s (1992) simple spreadsheet technique for estimating yield over two felling cycles (Table 3). A sensitivity analysis of the latter method showed that yields are stable for mortality rates up to about 2.5%, after which the number of trees per km² declines (Figure 2). However, Vanclay’s (1993) approach using de Liocourt’s quotient, Q, to test whether the stand could sustain a second cut (Table 4) showed the IYF to be generally unsustainable (Wong 1995).

Alder’s (1995) analysis of more current PSP data suggests that the critical de Liocourt’s quotient values used by Vanclay are optimistic. He contends that Vanclay’s analysis was based on optimistic assumptions of growth and mortality rates of 0.72-cm yr-1 and 1.04% respectively from the old series PSP data, which were fraught with inaccuracies. From the sensitivity analysis in Figure 2 however, it appears that the mortality rate of 1.04% assumed by Vanclay would not make any significant difference to the yield. Vanclay also assumed that 80% of advanced growth would survive logging damage. Alder has suggested alternative critical sustainable Q values for different species groups from the new PSP data set and suggests an alternative formula, based on the PSP results. This has been discussed in some detail in his report (Alder 1995), to which the reader is referred.

Suffice it to say, however, that this alternative formula takes into account sustainable Q values, recruitment, mortality, retention, etc. It is obvious that this can not be realistically applied for management purposes until more information on these parameters can be obtained from an improved PSP data set with a logical relationship to increment and mortality rates. Alder emphasises the practicality of using this method at the district level by means of simple management tables that can be applied to stock survey summaries for estimating sustainable yield.

[image: image2.wmf]Figure 2: Sensitivity of  timber yields  to mortality rate (Foli, 1994).
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Table 4: Evaluation of the sustainability of the Interim Yield Formula (Wong 1995).

Star groupings
Guild
IYF (trees/km²)
Alder’s method
de Liocourt’s Q

Scarlet
Pioneers

NPLD
24.52

16.86
+

+
-

-

Red
Pioneers

NPLD

Shade-bearers
22.67

46.74

5.84
-

+

-
-

-

+

Pink
Pioneers

NPLD

Shade-bearers
64.76

97.55

150.87
+

+

+
-

+

+

Total

429.81
+
-

Note: + sustainable;
- not sustainable

Conclusion
The above scenarios show that conscious efforts have been made at evolving a practical method for determining timber yields that would be sustainable. But the major setback has been the lack of adequate data. Even though a great deal of data have been generated through the Forestry Department PSP programme, the inadequacies associated with the data have not made it possible to get sufficient information on growth rates, mortality and recruitment. Without these important parameters, it would be difficult to make any reliable estimates of yield.

Several improvements have been suggested, exemplified by Alder’s approach discussed above. But until reliable growth, recruitment and mortality data become available it would not be practical to implement them. For these reasons, the concept of developing a pan-tropical yield regulation system that can be applied with minimal data is not only important, but also timely. Such an approach can, at least, control the rate of exploitation or forest loss associated with inaccurate yield regulation methods that tend to over-cut the forest. And, until more reliable information becomes available for fine-tuning, the many useful but impractical approaches that have been employed in the past, a simplified approach that would at least ensure that the forest is not over-exploited would be an invaluable means of minimising the rate of resource depletion.
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FIP classes refer to export/utilisation potential of the species, their sizes and availability in the forest. Accordingly, FIP 1 refers to all species exported from Ghana between 1973 and 1988; FIP 2: - all species attaining 70 cm diameter and a frequency greater than 1 tree per km²; FIP 3: - all species not attaining 70 cm diameter or occurring at a frequency of less than 1 tree per km².








Table 3: Calculation of sustainable yield by the spreadsheet method (After Alder (1992)).


Felling cycle�
+80 yrs�
+40 yrs�
Present�
Oversize�
�
Present diam class�
Fl-40�
Fl-20�
Felling limit (Fl)�
Fl+20�
�
Stocking (N km-2)�
289�
39�
11�
35�
�
Survival %�
36�
60�
100�
100�
�
Final stocking (F) (N km-2)�
104�
23�
11�
35�
�
Accrual from last cycle (A)�
0�
8�
NA�
NA�
�
Harvest (Y)�
32�
32�
8�
24�
�
Retained trees (R) (N km-2)�
72�
0�
3�
11�
�
Alder's spreadsheet method (Alder, 1992) is based on the following assumptions and algorithms:


A tree will grow through a 20-cm diameter class in 40 years. Inventory data are compiled into 20-cm classes, indicating trees that will be available in present and succeeding felling cycles.


An annual mortality rate of 1.25% is assumed for trees of 20 cm or above. Over a 40-year felling cycle, this corresponds to a survival rate of (1-0.0125)40 or 60.5%.


By applying the survival rate to inventory data a final stocking at the time of harvest can be estimated. An iterative trial-and-error technique is then employed to calculate the number of trees to be felled which corresponds to uniform production for each cycle.


The stand table is organised into a spreadsheet by diameter class columns, each corresponding to a single felling cycle as above. The survival % is applied to the stocking to obtain the final stocking (F) at the time of harvest. Any accruals (A) from the previous cycle are added to the final stocking. The suggested harvest (Y) is subtracted from the sum (A+F) to determine the retention (R) from the harvest; i.e. R = (F + A) - Y. The harvest (Y) is adjusted iteratively to allow the spreadsheet to recalculate the values of R and A until R becomes negative. At this point Y is reduced fractionally until R just becomes zero. This value of Y represents the maximum sustainable yield.


�








� The conservation priority or action category on all species is expressed as star ratings based on their distribution (locally and globally), ecological, commercial, social and taxonomic details (Hawthorne and Abu-Juam, 1994; Wong, 1994). Scarlet star species are species which are common but under serious threat of depletion from exploitation, for which reason exploitation needs to be curtailed to ensure sustainable management. Protection of these species is therefore vital on all scales. Red star species are similarly threatened and careful control of exploitation is imperative. Pink star species are significantly exploited, but not at such a rate as to cause concern for their economic future.
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