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The study presents two main parts: first, a review

of tropical silviculture and forest management systems

and, second, the investigation of a growth and yield

model which has some potential for application in the

tropical region. The presentation of tropical

silviculture includes: (1) an overview of the biological

characteritics of the tropical forest, (2) a review of

different management techniques and their level of

success, (3) a discussion of the economic and

institutional contexts, and (4) some important

conclusions about different management regimes. The

growth and yield model employs a diameter class matrix

model which predicts future forest structure using the

basal area and diameter class distribution of current

stands. The coefficients are developped using inventory



data from mixed species hardwood stands of the West

Virginia University Forests. The conditions for

applications of such a model in the tropical region are

discussed.
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THE POTENTIAL CONTRIBUTION OF A DIAMETER CLASS MATRIX

MODEL TO PREDICT GROWTH OF MIXED TROPICAL FORESTS

INTRODUCTION

Since the late 1940's, there have been increasing

concerns about the management of tropical forests.

Threatened by deforestation due to conversion of forest

to other land uses, the surface occupied by tropical

forests is constantly decreasing. This process has led

some authors to speak about the complete disappearance

of tropical forests (Aubreville 1947). It is generally

accepted that the total destruction of tropical forests

would have very negative consequences on the supply of

forest products, on conservation, and on global ecology.

Countries in tropical regions are still dependent on

wood products, not only as a construction material, but

also as an energy source (FAO 1978). This situation has

led to a general effort to develop appropriate

technology for forest management in the tropical region

to achieve both sustainable wood production and

conservation of natural ecosystems. Unfortunately, it



has been difficult to obtain significant improvements

due to the complexity of the ecosystems and to the lack

of adequate institutional support (lack of

infrastructure and inefficient administration) . In

addition, research efforts are not well coordinated and

even though some useful information has been developed,

it not fully utilized. The problem of gathering and

disseminating the information thus developed is so

important that creation of an information network has

been recommended by some authors (Poore 1988) . It

seems, therefore, very important to first summarize the

results obtained by researchers throughout the tropical

region before investigating models which may prove

useful in tropical forestry.
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OBJECTIVES

The objectives of the study were:

To present briefly the current status of forest

management in tropical countries (with an emphasis on

the case of Cameroon where possible) . This discussion

includes the advantages and disadvantages of natural

forest management regimes in contrast with plantation

management.

To modify the growth and yield model for

multiple species stands developed in 1986 by Dale S.

Solomon so that it can be used in different regions.

To include the above modifications in the

program FIBER (Solomon and Hosmer 1986) which performs

all the calculations required by the model.

To test the model obtained with inventory data

from a mixed species, uneven-aged forest data from

Eastern United States.

To outline modifications and assess the

adaptability of such a model to tropical forests.
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REVIEW OF TROPICAL FORESTRY

Overview of the tropical region and forests

It is rather difficult to give a single view of the

tropical zone because of the vastness of the area

concerned and the multitude of ecological subsets

covered by the name tttropical!t region. Perhaps the

simplest, most suitable definition is the geographical

one given by the National Research Council(1982), which

characterizes, the tropical zone as the region lying

mostly between "the tropics of Cancer and Capricorn

where relatively large amounts of solar radiation reach

the earth's surface throughout the year". As a result,

seasonal fluctuations at any given locality are minimal

and there is no distinct winter season. In general the

average annual temperature is about 25°C (77°F) with

little seasonal variation. The yearly temperature

variation (difference between maximum and minimum) is

usually less than 10°C (18°F).

The National Research Council further indicates

that an ecological characteristic of the tropical zone

is that the annual rainfall equals or exceeds potential

evaporative return of water to the atmosphere.
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Quantitatively, the total amount of rainfall is often

greater than 1500 mm and there are no more than two dry

months (precipitation less than 100 mm per month) year.

The monthly variation in precipitation can range from 0

to 400 mm. These figures are generalized and remarkable

differences can occur in individual regions. For

instance, annual precipitation near desert regions is

usually close to 0 mm while precipitation in premontane

forests can reach 11500 mm per year.

Vegetation

The wide range of climatic conditions in the

tropical zone results in a great deal of complexity in

vegetation types. Scrub and thorn woodland occur where

rainfall totals less than 500 mm per year, broadleaf

deciduous forests occur where rainfall exceeds 500 mm

per year, and are replaced by evergreen forests where

annual precipitation is greater than 2000 mm (National

Research Council 1982). Our emphasis will be on

semideciduous and evergreen forests where the total

amount of precipitation is greater than or equal to 1500

mm per year. These forest types cover the southern

third of Cameroon and are often classified as tropical

moist forests.
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Heterogeneity of the tropical moist forest

One characteristic which influences all attempts to

manage tropical moist forests is their heterogeneity.

According to Heirich Walter (1979) "When considering

different ecological types, it should be emphasized that

the greatest variety of plant forms is found in the

tropical rain forest". Tropical moist forests are both

ecologically rich (large number of species per unit

area) and diverse (all species tend to be equally

represented) . As a consequence of the large number of

species, the number of individuals of any species is

often small (National Research Council 1982).

To illustrate the diversity of the tropical

forests, 300 to 750 tree species may be found in a 10

km2 area. J.J. Faure and J. Vivien (1985) describe 360

tree species from Cameroon forests that can reach a

diameter of at least 60 cm. Similar diversity is

encountered in wildlife and the same 10 km2 typically

may have 125 species of mammals, 400 species of birds,

100 species of reptiles, 60 species of amphibians and

150 species of butterflies.
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Distribution of tropical forests

From the State-of-knowledge Report prepared by the

Food and Agriculture Organization of the United Nations

(FAO), "roughly 50% of the total forested land area of

the world is tropical forest" (FAQ 1978). The following

table shows the distribution of these forests among

different tropical regions of the world (J.P.Lanly

1982)

Table 1: worldwide distribution of tropical forests

7

Tropical America 1679.66 653.93 56.36

Tropical Africa 2189.53 214.40 18.48

Tropical Asia 944.88 291.95 25.16

Regions Total area forested area %

(millions ha) (millions ha) forested



Natural tropical moist forest ecosystems

The canopy structure in a tropical moist forest is

heterogeneous, with emergent trees whose sympodially

branched hemispheral crowns are more or less free

standing and arise at the height of a less easily

defined main canopy; this is of variable height and

density and composed mainly of more or less narrow

crowned trees of varying architecture though

predominantly sympodial (FAO 1978). Climbers and

epiphytés are sparse. This structure plays an important

role in the functioning of the natural forest, because

the canopy influences light distribution and temperature

variation. Both light and temperature variation are

important for photosynthesis and the transformation of

organic materials on the ground. The canopy, as

described in conjunction with individual crowns, will

permit moderate light penetration , moderate shade, and

moderate distribution of sunflecks on the forest floor

during the four hours around noon. In addition to light

and temperature, soil nutrients are generally low due to

excessive drainage under the climatic conditions

described previously. Nevertheless, light remains the

most important factor and all the species present in the
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tropical moist forest are often grouped into two main

categories: the shade tolerant species with slow growth

rates and long life-spans and the fast growing species

which need more light and have a shorter life-span.

Light affects not only photosynthesis and the

transformation of the organic material on the ground,

but also seed dormancy.

The common scenario of natural regeneration can be

summarize as follows:

In a forest in equilibrium, small or large gaps

occur in the canopy for various reasons. The understory

vegetation then responds to the light increase, and due

to their physiological advantage, the fast growing

species will dominate the initial stages of the

reconstitution of the forest. Shade tolerant species

will gradually grow the into main canopy under its

shade. Forests regenerated naturally without human

intervention will be dominated by fast growing species

for the first 50 years. Forests greater than 50 years

in age are usually made up of shade tolerant species.

Shade tolerant species tend to be more valuable in the

market and are often the perceived targets for

management. Generally, tropical forests grows fast

through the early phases of establishment, and slow at
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the later phases due to both competition and species

characteristic of older forest.

Productivity and growth estimation in the natural

tropical moist forest

The estimation of growth and productivity in

natural tropical moist forest is a matter of much

research and controversy. In contrast in the temperate

zone, many of the desirable timber trees of the tropics

do not form consistent, easily recognizable growth

rings. This may be due to the climate, which entails

such a short period during the year when vegetative

growth stops (i.e no well defined winter season). The

absence of growth rings presents additional difficulties

for growth and yield prediction. Nevertheless, there is

increasing agreement on ranges of growth responses.

Table 2 shows the estimation of primary production in

different tropical forest types.
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Table 2: Production of stem and branches in different

tropical forest types (FAO 1978)

Forest type Stem and branches

(in metric tons/ha/year)

Equatorial 19.2

Subequatorial 4.6

Seasonal rain 9.1

Dry deciduous 9.3

Secondary Forest 13.6

The data in table 3 were obtained on a series 1.8-acre

plots where all trees having a diameter over 1.5 inches

were remeasured annually. The data represent

measurements of 931 trees of 57 species over a 3 year

period, and corroborate with the statement that old

tropical forests in equilibrium grow slowly.
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Table 3: Annual diameter growth of trees in 4 crown

classes in lower montane rain forest in Puerto Rico (FAO

1978)

Dominant 67 6.35

Codominant 100 5.84

Intermediate 509 3.55

Suppressed 225 2.03

In addition to relative slow growth, many species

are not commercially desirable. For example, the

estimates of volume growth found in ItTropical forest

resources (FAQ 1982) are the following:

-Between 1 and 5in3/ha/yr in undisturbed or logged over

forest all species taken together.

-Between .1 and .51rt3/ha/yr in currently commercialized

tree species. Thus, only about 10 per cent of currently

12
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realized growth is considered commercial.

Management systems for natural tropical moist forests

Natural forest management can be defined as:

controlled and regulated harvesting combined with

silvicultural and protective measures to sustain or

increase the commercial value of subsequent stands, all

relying on natural regeneration of native species (R.

Schmidt 1987). There have been many attempts, with

varying degrees of success, to develop techniques for

managing tropical moist forests. Most of these

techniques are based on the importance of regeneration

present at the time of harvest and on the amount of

light that reaches the seedlings. The systems are

discussed below.

The tropical shelterwood system (TSS)

This method was developed in 1944 in Nigeria "to

enhance the natural regeneration of valuable species

before exploitation by gradually opening the canopy

(poisoning undesirable trees, cutting climbers) to

obtain at least one hundred 1-rn high seedlings per ha

over 5 years" (R. Schmidt 1986). The forest was then

logged in the sixth year and cleaning and thinning
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operations were then carried out over the next 15 years.

The method appeared to be unsuccessful due to the

exuberant spreading of climbers once the canopy had been

opened up and the failure of the seedlings of the

valuable species to grow adequately. In addition, the

poor results may be due to the fact that the plots were

so scattered and difficult to accurately maintain and

measure (Catinot 1974).

Amelioration des peuplement naturels(APN)

In English, this method translates to improvement

of natural populations. This method was developed by

French foresters in Cote d'Ivoire in 1950 and was

inspired by the TSS. APN was applied to forests that

had been logged over and were well stocked in valuable

trees of average size. The aim was to favor the growth

of these stems while ensuring regeneration through

natural seeding of the valuable species by removing

climbers and opening the canopy (Schmidt 1986). After

ten years the method was abandoned due to disappointing

results.

The selection system (SS)

Applied in Ghana since 1960, the objective of the

14



Selection System was "to assure the regeneration of

forest well stocked with valuable species" (Schmidt

1986). Harvesting occurred about 15 years after the

forest service had marked the stand to retain some well

distributed seed trees, followed by thinning operations.

The results were discouraging due to felling damage to

the remaining trees which could not recover over

relatively short intervals between thinning cycles. In

addition, regeneration of slow growing, desirable

species was poor due to competition from faster growing,

less valuable species.

Improvement of stands dynamics

This improvement of stand dynamics technique was

developed in Gabon in the 1950's for Aucoumea klaineana.

The objective was "to accelerate the growth of all-sized

stands without trying to provoke regeneration through

natural seeding" (R.Schmidt 1986). The technique

consists of thinning operations in well stocked stands

and poisoning of dominant trees of less desirable

species (Catinot 1974). After treating about 100,000 ha

using this method, the forestry department gave up the

technique and switched to Aucoumea klaineana

plantations.
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The Malayan uniform system (MIJS)

This MUS technique, developed in Malaysia after

World War II, "converts virgin tropical lowland

rainforests (a rich, complex, multispecies multi-aged

forest) to a more or less even-aged forest containing a

greater proportion of commercial species" (R. Schmidt

1986). It consists of clearfelling release of selected

natural regeneration of varying ages, aided by poisoning

of unwanted species (Wyatt-Smith 1983). This technique

proved to be successful in the lowlands but less

successful at higher elevations. These differences may

reflect variations of soil quality and heavier damage to

residual stands during steep slope logging. The

technique has been gradually modified, leading to the

Selective Management System, a flexible management

system based on preharvesting inventory to determine

diameter limits and species selection for harvesting.

Climber cutting prior to harvest and marking for

directional harvesting can minimize logging damage to

the residual stand. Post harvest treatments are

undefined and left to the manager's initiative. This

method has produced promising results.
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The Sodefor-CTFT study

This study has been conducted in Cote d'Ivoire

since 1976 jointly by the "Societe de Developement des

plantations forestieres" (Sodefor) of Cote d'Ivoire and

The "Centre Technique Forestier Tropical" (CTFT) of

France. Unlike previous attempts, this study has

utilized well defined scientific patterns which allow

accurate measurement of the impact of the silvicultural

operations (Schimidt 1987). The method utilizes

traditional selective harvesting of economic species and

thinning of undesirable species by poisoning or

girdling. The thinnings were performed by

systematically removing the tallest trees until the

desired basal area was reached. The objective of the

thinnings are to favor valuable trees larger than 10 cm.

After four years of observations, the growth rate

was 3.5m3/ha/yr compared to 2m3/ha/yr in control stands,

reflecting a 50-75% gain in growth in stems of 73 main

species. Annual measurements showed that the volume

increments increased with time and that the impact of

thinning will probably be felt for at least 10 years.

Plantation management in the tropics

17



Regenerating tropical forests artificially has been

performed since the arrival of European foresters in the

tropical zone at the beginning of this century.

Nevertheless, until the end of World War II, plantation

forestry was done on a very small scale and then for

more or less decorative purposes or curiosity. In

general, there was a belief that tropical forests were

so abundant that there was no need to regenerate them

artificially. Increased harvesting and the discovery of

low regeneration success in natural forests led to

attempts to establish plantations for wood production.

The trials consisted of plantations of tropical

hardwoods, pines, teak, gmelina and eucalyptus.

Tropical pine plantations

The pine species planted throughout the tropical

zone have generally, originated in Central America

including Mexico. These species were introduced in

tropical Africa, tropical Asia and South America

during the early 1950's. The most successful species

are Pinus caribaea, Pinus oocarpa, Pinus patula and

Pinus hondurensis (J. Evans 1982). In general, seeds

are imported or collected from older plantations. Then,

the seedlings are raised in nurseries in polyethylene
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bags and planted one year later. Rotation ages range

from 30 to 35 years and the mean annual increments range

from 11 m3/ha to 18 m3/ha. Thinning programs are not

well developed, but Central American experiences

indicate that two thinnings are often advisable.

Eucalyptus plantations

Eucalyptus species were introduced in the tropical

region from Australia at the beginning of this century

(,or even earlier in some cases). Since then, hundreds

of Eucalyptus species have been tried and some are very

successful. In the densely populated western province

of Cameroon, Eucalyptus saligna is the principal tree

species, and plantations are established by small land

holding peasants as well as the national Office of

Forest Regeneration. The main products from Eucalyptus

are fuelwood and poles, but pulpwood and sawtimber can

also be produced (FAQ 1981).

Seedlings are usually raised in the nursery for few

months before field plantation. As one can imagine, the

large number of Eucalyptus species vary widely in yield

and mean annual increments can vary among species and

sites from 1 m3 to 50 m3/ha/yr (FAO 1981). In Cameroon,

most of the species have mean annual increments ranging
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from 20 to 25m3/ha/yr ten years after planting.

However, there are increasing concerns about the

influence of Eucalyptus species on forest ecology.

Eucalyptus plantations are believed to cause adverse

effects on soil (impoverishment and increased erosion),

on hydrology (by drying up aquifers) and on wildlife

habitat (FAO 1985).

Teak plantations

Teak (Tectona grandis) originates from Southeast

Asia and was introduced in other tropical regions after

the second World War. Teak plantations are usually

established after clearfelling and managed on rotations

of 60 or 70 years. In India, observed mean annual

increments for a 70 year rotation are high (FAO 1985).

Teak wood is used for fuelwood and lumber production.

In Africa, teak plantations have been established and

have acceptable growth, but the shape of the stem is

often a matter of concern.

Plantation of tropical hardwoods

In most tropical countries, those of Africa, many

trials of native hardwood species have been established.

Species concerned include Mansonia altissima,
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Triplochiton scleroxylon, Tarrietia utilis,

Antandophragma cylidricum, and Terminalia superba.

Although there has been some progress with Terminalia

and Triplochiton, the general impression is that none of

the valuable and indigenous export timbers have

performed well in plantations either because of insect

attack (e.g. the Khayas and Clorophora), or because of

difficulties in procuring a regular supply of seed (e.g.

Triplochiton).

Choice of the best management strategy

Technical considerations

Although most methods of natural forest management

were unsuccessful for a variety of reasons (technical

and nontechnical), the management of tropical natural

forest seems to be "ecologically and technically

possible" (A. Leslie 1987). Any attempts to manage

tropical moist forest should be based on the following

points:

The regeneration stocking must be adequate

The original partially harvested canopy must

eventually be removed

There must be no tending until regrowth has passed

the ephemeral climber stage
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4. An adequate new canopy must be maintained to

prevent the redevelopment of climbers.

The Malayan Uniform and Sodefor-Ctft systems

represent two potential methods. However, the extensive

deforestation which has occurred over the last two

decades, and the moderate growth rates obtained from

these two methods suggest that natural forest management

will be unable to meet the increasing demand, especially

if exploitation continues to focus only on a few

species. Natural forest management, however, represents

the only method to continue the production of non-wood

products such as wildlife habitat.

Plantation techniques are well developed for

Eucalyptus , Pines and teak. Plantations of these

species produce higher volumes of wood per ha and

represent excellent opportunities for meeting growing

demand for some timber products. However, if

plantations are adopted to replace natural forest

everywhere in the tropics, there must be some concern

about the future of wildlife and diversity of plants and

animal species. There are already concerns about the

adverse ecological effects of Eucalyptus. In addition,

plantation techniques are still not well developed for

more valuable native hardwood species. Finally, the
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capital requirements for plantation management may prove

to be a major barrier to the adoption of plantation

forestry in developing countries.

Economic considerations

The article "Tropical rain forest management" by R.

Schmidt (1987) provides economic comparisons of the

Sodefor-Ctft method of natural forest management and

artificial plantations over a 30 year period based upon

the ratio of commercial volume to costs. Management of

natural forests will produce 25m3/ha for every 140

US$/ha invested. Thus an investment of $5.60 is

required to produce 1 cubic meter of wood. On the other

hand, plantations will produce 250m3/ha but will require

an investment of 1860 US$/ha which is equivalent to

$7.40 per cubic meter of wood.

These ratios do not take into account the quality

of the wood, which is generally higher in natural

forests. Natural forest management provides a better

benefit/cost ratio, but this only measures the

efficiency of the capital invested and assumes that

capital is the limiting resource. However, land

scarcity is also of increasing concern in tropical

countries due to pressures from agriculture production
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and rapid population growth. Nevertheless, the ratio

suggests that natural forest management is economically

justified.

In a similar study Leslie (1987) provides cash-flow

comparisons:

Table 4 : Cash flow comparison of natural and plantation

Leslie also discusses the economic justification of

natural forest management (Leslie 1987) and corrects his

earlier conclusions (Leslie 1977) that natural forest

management was uneconomical. According to Leslie,

failure to consider non-revenue services generated by

24

forests (Leslie 1987)

Natural Plantation

Mean annual increment

(m3/ha/yr)

1.8 18

Rotation (years) 60 20

Stumpage prices (US$/m3) 15 5

Establishment costs

Initial 50 1000

2nd rotation 50

3rd rotation 100

Annual costs (US$/ha/yr) 1 1



natural management systems led to erroneous conclusions.

Table 5 shows that natural management offers a

better financial return than plantation management up to

a discount rate of around 6 per cent. Above 6 per cent

this trend is reversed. If non-revenue considerations

(which affect natural management regimes much more than

plantations) are included the switchover rate would be

much higher. However, benefit cost ratios do not

provide all the information on financial opportunities.

Table 5 Benefit-cost ratios for tropical natural

management and tropical forest plantation management

over a range of discount rates (Leslie 1987).

The use of rotations of 20 years for plantations and

60 years for natural management regimes, and the

differences in stumpage prices, suggest that natural

forest management and plantation will yield different

kinds of products. Both management approaches may be

useful if the two mixes are needed in the market.

25

Discount rates

0 2 4 6 8 10

Natural mgt 12.3 4.8 1.8 .6 .2 .1

Plantation 1.3 .9 .7 .5 .3 .2



Higher levels of capital are needed to undertake

plantation management. On the other hand, natural

forest management requires less capital to be

successful, but requires high quality labor and skilled

foresters, which are not always available in developing

countries. Nevertheless, efforts are being made by many

developing countries to improve both the quality and the

quantity of both their general labor force and their

professional foresters.

Socio-economic background

There are many differences among tropical countries

concerning institutional factors related their

historical development; the description that follows

will be particularly appropriate for Africa. Before

further discussion on the socio-economic contexts, it is

necessary to first describe the roles of forests in

tropical countries.

There are three major ways in which the forest

contributes to the life of the people and the

development of the tropical region (FAO 1981). These

are:

1. Maintaining ecological balance by soil erosion

control and catchment protection, air purification, and
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nutrient cycling. Forests also strongly influence

stream flow on watersheds by favoring infiltration of

water into the soil and reducing the surface water run-

of f. Foliage also protects the soil from the direct

impact of sun, rain and wind, while falling leaves and

fruits provide a regular flow of nutrients. Many

tropical species belong to the family Leguminosae,

whose roots associate with bacteria that can fix

atmospheric nitrogen.

Forest vegetation in more arid tropical zones is

mainly used for grazing and browsing. In addition,

forests provide wildlife habitat which constitutes a

major protein source in some remote tropical areas.

2. Increasing the supply of products for local

consumption. These products include building poles,

weaving materials, tools, sericulture, apiculture and

erriculture and, most important, fuelwood. Some 80

percent of all the wood cut in rural areas in tropical

countries is used as fuel (FAO 1981). More than 2

billion people live in rural areas and often depend

entirely on fuelwood for cooking and heating.

- Improving the benefits from industrial uses. The

forestry sector has been providing employment and income

in developing countries for decades. The forestry
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industry in Cameroon constitutes the third largest

source of foreign exchange and the largest in volume of

material exported.

Let us turn to economies of developing countries,

which are characterized by the scarcity of capital, the

importance of agriculture, and unstable and inefficient

administrations.

Agriculture and forestry

Most African economies are agriculturally based and

provide food for local consumption and money from

exports (i.e cocao, coffee and cotton) . This

agriculture often involves small land holding peasants

using traditional techniques including shifting

cultivation, which is frequently viewed as a threat for

forestry. Shifting cultivation is a very intensive

method involving clearing forested areas, cropping for a

few years,and then leaving the land for a lengthy fallow

period when forests return and the soil fertility is

restored (Ruthenberg 1976). During the fallow period,

the farmer clears and cultivates land elsewhere (FAO

1984). Shifting cultivation was commonly used because

there were no efficient technologies to artificially

restore soil fertility and continues because it requires
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no cash input and very limited labor. This method

causes no problems as long as population density is low;

however, as population increases, very large areas of

forest are destroyed and the length of the fallow period

is shortened. Decreased fallow periods lead to

decreased soil productivity and crop yield. Not only

are timber resources lost, but the new settlement may be

incompatible with the maintenance of wildlife and, the

long term replacement of natural forests during shorter

fallow periods can increase southward penetration of

drying winds from the Sahara, resulting in undesirable

climatic repercussions (FAQ 1984).

Capital and transportation infrastructures

Annual per capita income of African countries

varies from $68 to $2776 (NTC Business Books 1987).

Thus, native people cannot provide the large capital

investment required to develop a forest industry.

Therefore, forest industry will depend primarily on

foreign investors, while large-scale, long term

silvicultural management will be performed by the local

government. A major barrier for local people to enter

the forest industry is the lack of capital, which is

required for developing systems to transport raw
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material to prospective mill sites (FAO 1967). These

systems are essential for the successful operation of

any major forest industry, but foreign investors are

sometimes reluctant to invest in tropical countries. If

they do, they often create a network of non-permanent

roads in remote areas. Local peasants will take

advantage of this infrastructure to penetrate the forest

and endanger its stability with shifting cultivation.

Administrative and political background

When most African countries became independent

around 1960, their battle for development began. In

order to improve the incomes, most African leaders

adopted policies of raw material exportation. With few

exceptions, these raw materials were agricultural,

mainly the cash-crops (cocoa, coffee, cotton ...) which

were not consumed locally. Therefore, raising the

agricultural production became a priority. Because of

low income, low technology, and readily available forest

land, increased agricultural production came from

increasing land under cultivation instead of increasing

per hectare productivity. In addition, log export extra

brought capital; therefore, in a number of countries,

deforestation and log harvesting without regeneration
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became a policy.

For the last 15 years, however, the ecological

effects of deforestation have led African countries to

become more interested in the conservation of forests

and the sustainability of forest production. Today, in

many countries there is no lack of interest in forestry

nor conflict with other aspects of life in forested

areas, only a lack of organization or means to carry out

programs (FAO 1978). The decision-making process is so

centralized in many countries that it is almost

impossible to rapidly solve identifiable problems.

Finally, another problem affecting the forestry

sector is the lack of stable political and

administrative institutions. Forestry research and

other forestry activities require stability due to their

relatively long tiTriescales. Very often, forestry

projects in the tropics are started which require a

consistent followup for at least 15 years before the

results are developed, but are often terminated due to

changes in policy and priorities by new decision makers.

Forest legislation

Forest legislation is often recognized as an

important institutional element of development and
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expansion of the forest sector, and most tropical

countries, including those in Africa, are now trying to

develop realistic legislation of how to use available

forest areas and determine precise norms for their

management and conservation (Schmithusen 1986). This is

not an easy task, given the conflicts between

traditional and present-day requirements. An example is

forest ownership - - traditional concepts in most cases

give forests to local communities. Modern laws on the

other hand, place most forests under national ownership.

This in turn permits governments to face a number of

difficulties such as trying to delimit forest reserves

where agriculture will be forbidden or wildlife reserves

where hunting will be controlled.

In Cameroon, laws define conversion, utilization

and development of forest, wildlife and fisheries.

Forests are defined as lands capable of producing wood

or other non-agricultural products; of providing habitat

for wildlife; and of protecting, climate or water regime

(Schmithusen 1986). According to the law, at least 20%

of the national territory is to be reserved as permanent

forest land. This forest land is subdivided according

to uses such as production, protection and recreation

forests, and reforestation areas. In addition, Cameroon
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has (although very limited in importance) forests which

belong to local communities (e.g cities) and forests

planted by private individuals (mostly Eucalyptus

plantations in the West). However, in production

forests (national ownership), local people have the so-

called "customary rights" enabling them to use the

forest for their subsistence activities. Modern

industrial timber harvesting and other commercial forest

uses are authorized by permit and utilization contract

in accordance with forest law. The maximum area that

can be contracted to a single operator is 200,000 ha

(based upon inventory before operations commence). The

law also has minimum diameters for the cutting of

species of commercial interest. The average minimum

cutting diameter is 60 cm.

Forestry laws in Cameroon still require

improvement. For example, further discussions are

anticipated on the so-called "customary rights " in

contrast with "commercial uses". Also, the number of

years after which a logged area can be relogged needs to

be refined.

Training and education

In general there are enough people for low level
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tasks in forestry in tropical countries, but too few

professional foresters and many of these are

inadequately trained. Even mid-level technicians are

scarce. Most professionals have been trained abroad,

where the ecological as well as the socio-economic

backgrounds are dramatically different from tropical

region. Thus, these professionals need a great deal of

adaptative training once they return home. Especially

lacking are skills to manage natural tropical forests.

In addition, more training institutions need to be

established in developing countries.

The market of tropical forest products

Forest products markets in developing countries are

characterized by the small size of domestic markets in

comparison with developed countries. For example:

consumption of sawnwood and sleepers in developed

countries was 240,819 thousand of cubic meters in 1984,

while the developing countries consumed 70,858 thousand

cubic meters or roughly one third of the developed

countries. As a result, the export harvest plays a

crucial role in forestry industry in developing

countries.

In addition, wood processing industries are less
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important in developing countries, where wood is mainly

exported in log form. Almost 60 per cent of the

hardwood log production of the tropical countries is

exported either as logs or as processed wood products.

On average 40 per cent is exported in log form, and the

remainder is exported as processed products (FAO 1983),

but there are important differences among regions. For

example, while hardwood log exports from tropical Asian

countries represent about 40 per cent of the total

production, log exports from tropical Africa represent

nearly 80 percent of production. Thus, Asian countries

tend to have more processing industries than African

countries.

From 1960 to 1980 there was an increased demand for

and production of tropical timber. Production rose from

700 million cubic meters in 1961 to 1280 million cubic

meters in 1979 (FAQ 1983), a growth rate of 3.2 percent

per year. Although most of this roundwood production

was used for fuelwood, the production of industrial

roundwood increased more rapidly (4.5 per cent per year)

from 80 million cubic meters in 1961 to 180 million

cubic meters in 1979. Production of tropical hardwood

logs increased still more rapidly, growing by 5.3 per

cent per year representing a rise from 49 million cubic
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meters in 1961 to 123 million cubic meters in 1979 (FAQ

1983). Increased demand resulted in increased prices.

In the 1960's and the 1970's, both log and processed

timber prices more than tripled (almost seven per cent

per year) . However, once the inflation was removed, the

price increase in real terms was estimated to be two per

cent per year.

In addition to increased timber demand, agriculture

has played a major role in the short term timber

production increases through forest clearing for the

expansion of agriculture. Thus, deforestation is

occurring not only from conversion of forest to

permanent agriculture, but also from shifting

cultivation, fuelwood cutting and other pressures. This

process raises concerns about the future of tropical

forests and about long term timber supplies.

Because technological development and population

growth are occurring in the developing countries,

domestic demand for tropical forest products is

projected to increase rapidly. The rate of growth in

consumption expected in developing countries is

predicted to far exceed that for developed countries,

especially for industrial wood products (sawnwood, pulp

and paper...). For example FAQ, projects increases in
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the consumption of sawnwood and sleepers from 70,858

thousand m3 in 1984 to 135,623 thousand m3 in the year

2000.

The increase in demand for fuelwood will be related

to the population growth, but rising income is expected

to stimulate consumption of fossil fuels thus moderating

the increased demand for fuelwood.

Because of deforestation and inaccessibility of the

remaining forests, supply is not expected to increase at

the same rate as demand. However, changes in quality of

products accepted in the market (acceptance of secondary

species now without commercial value) may lead to more

optimistic supply figures.

Summary and conclusion on tropical forestry

Tropical moist forests are very complex ecosystems

whose functions remain poorly defined. These complex

ecosystems represents the richest reserve in the world

for genetic and biological resources. Unfortunately,

tropical moist forests are threatened. The resulting

loss could be dramatic for humanity as a whole, and

particularly dangerous for inhabitants of the tropical

region. However, total loss of tropical moist forest

will only occur if exploitation continues at the current
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rate and in the absence of efforts to conserve these

forests, while allowing them to produce goods needed by

inhabitants in a sustained system. For these reasons,

foresters have an important role to play by trying to

meet an increasing demand for forest products while

conserving the resource.

Important research has already been performed by

foresters worldwide to develop technology for

sustainable yield both of plantations and natural

forests. The great benefits of plantations cannot

replace the functions of current natural forest areas.

Plantation and natural forest management should not be

competitive but are complementary management systems

that provide different products mixes and are suited to

different terrains (R.Schmidt 1987). Plantations of

fast-growing species can be developed to produce

roundwood (industrial roundwood and fuelwood) to

diminish human pressures on the remaining natural

forests which can then be managed to produce more

valuable timber and non-wood products (wildlife, water

resources, etc...). Already degraded lands are an

especially attractive target for plantations.

Important obstacles to the development of the

forestry sector in tropical countries are:
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- Low contribution of wood processing industries to

national economies due to the tendency to export logs

instead of processed wood products. For example, if the

49 million cubic meters of logs exported 1973 had been

processed in the countries of origin, these countries

would have realized another two billion dollars in

income as well as several hundred thousand man years of

employment (FAO 1978).

- Increased domestic demand for forest products.

- The need to improve utilization, and thus economic

value of natural forests.

- The need for a better understanding of the

functioning of the tropical forest ecosystem to help

develop new technologies for sustained yields.

However, more important may be the lack of good

organizational and administrative concepts. Appropriate

legislation and sufficient attention from decision-

makers are needed for a better forestry sector.

Infrastructure development, financial support, qualified

labor and research effort remain critical needs.

Many researchers are concerned about the continued

mismanagement, degradation, and deforestation in the

absence of models of integrated sustainable development

and conservation of humid tropical forests (Fontaine
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1986). Poore(1988) insists that adequate information

must be developed for success in the management of

tropical forests. The development of this information

requires a well-planned investment in survey, research,

and monitoring. The most urgent research areas to be

addressed include: economic analyses of management

options, efficient utilization of existing natural

forests, environmental impacts of different management

choices, and growth and yield prediction. Of these

research areas, I have concentrated on the last; growth

and yield prediction.

Most growth and yield studies have concentrated on

homogeneous plantations of known ages. Growth

predictions for natural managed forests are poorly

developed probably because of the high species

heterogeneity, the absence of growth rings in many tree

species, and multistoried characteristics of the forest

itself. In addition, ingrowth and difficulties of

height measurements complicate the problem. In other

areas such as utilization, species heterogeneity can be

bypassed by grouping species according to their

technological characteristics and commercial value. But

can the same thing be done in growth and yield

prediction?
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To contribute in this research area, hardwood

growth data from mixed US deciduous forests was used in

a modeling approach which could be applied to tropical

forests if adequate data were available. This approach

uses a matrix of transition probabilities to link

different structures of a given forest at successive

times.
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THE MATRIX MODEL

Literature

Predicting future structures of biologically

classified populations from knowledge of the individual

recruitments in each class of the population to the

class or classes above is not new. Usher (1966) alluded

to research done by Leslie (1945, 1948) and Williamson

(1959) using animal populations classified in age

classes. Lefkovitch (1965) used data from a population

of insects to develop a matrix to link numbers of

individuals in various age groups at successive times.

Usher (1966) then applied the same approach to a Scots

pine forest and developed the matrix by defining the

probability a1 for an individual in a given class i to

remain in the same class after a certain period of time,

and the probability b1 that an individual in the 1th

class 'twill recruit up to the (i+i)th class" during the

same period of time. The matrix in question had the

following form:
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a0 0 . 0 0

b0 a1

b1

pt =

an_i.

bn_i an

where n represents the number of possible age classes.

To recognize the regeneration process, another

square matrix with n+l rows and columns was added to P';

this second matrix contained zero elements except for

some positive elements in the first row. The resulting

matrix was then the following:

a0 . . kn

b0 a1 0 . . 0

0 b1 .

an_i.

0 0 0 . bn_ian

By multiplying Q with a column vector which

describes the state of the population at time t, one
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would obtain the state of the population at time t+l.

The column vector looked as follows:

nt, 0

nt, 1

nt, n

where i represents the number of individuals in

class i at time t.

Buongiorno and Mitchie (1980) used a similar model

to analyze the economics of uneven-aged management in

the north-central region of the United States. The

model, which was a fixed coefficient matrix model, was

described by the following equation:

yt+k = (A+N) (ytht)+C

where Yt is the vector whose elements are the number of

trees in each diameter class at time t; ht is a vector

of the number of trees harvested from each diameter

class between t and t+k.

A is a matrix of transitions probabilities:
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N=

a1 0 0 0

b2 a2

an_i

0 0 b_ a

a represents the probability that a tree is alive

and remains in the same diameter class between time t

and t+k, bi is the probability that a tree grows to the

next diameter class between time t and t+k

N is a square matrix representing the effect of

unharvested trees on ingrowth:

0 0

d = /31Bi + /2

l and P2 are regression coefficients from an

equation for ingrowth into the smallest diameter class

during interval k. Bi is the basal area of a tree whose

diameter is equal to the midpoint of class i. The
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constant vector c is given by

0

c=

0

where f3 is the constant of the ingrowth equation

predicting ingrowth as a function of remaining numbers

of trees and basal area. The ingrowth equation was

written as follows:

+ +

Although very attractive for uneven-aged management

systems, this model presents some problems, including

the fact that the model has fixed transition

probabilities that do not vary when factors affecting

growth, such as stand density and tree diameter, change.

For instance, Binkley (1980) questioned the

appropriateness of stationary Markovian models to

characterize forest growth. To minimize that criticism,

Solomon and Hosmer (1987) changed the approach to a

somewhat more dynamic system by relating transition

probabilities to tree size and stand density. They also
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recognized that a tree can grow through more than one

diameter class during a given time interval. In

addition, they worked with multi-species stands, similar

to tropical forests, although the tropical forests are

more complex. They expressed the transition

probabilities as follows:

ait = f9oi + iiIBAt + J321RBAt + P31Di

bit IO2 + J312IBAt + I322RBAt + /332D1

cit = P03 + /313IBAt + /323RBAt + p33Di

mit 1-alt-bit-cit

where

ait = proportion of trees in diameter class i that do

not grow out of the diameter class between time t and

t+k

b±t = proportion of trees growing one diameter class

during the same time interval

cit = proportion of trees growing two diameter classes

between times t and t+k

mit = proportion of trees dying during the same time

interval

RBAt residual basal area at time t

IBAt initial basal area (prior to harvest at time t)
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D1 = the midpoint of the diameter class i

The proportions therefore need to be estimated at

the beginning of every growth period using the preceding

four simultaneous linear regression equations and the

current characteristics of the stand. Solomon and

Hosmer (1987) developed regression coefficients for many

tree species using periodic inventory data from the

states of Maine, New Hampshire, New York and Vermont.

They also wrote a computer program (FIBER) to predict

the future structure of the forest, given the current

state, some management choices and the length of time

using five year growth periods. The authors reported

deviations of predicted numbers from actual ranging from

an underspecification of 8.6% to an over-prediction of

2.1% after 15 years of prediction. Although these

values are relatively good, it remains unclear whether

the model is adaptable to different forest types area.
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Methods and procedures

The modeling approach used by Solomon (1987)

provided the needed framework for analysis, using data

from successive forest inventories conducted in

multiple-species and multiple age stands in West

Virginia. Regression coefficients for transition

probabilities estimation were computed using

STATGRAPHICS.

The data set

The data used in this study was obtained from West

Virginia University, and was chosen because of

similarities with the tropical forest, the final future

target of this research. The West Virginia University

Forest is made up of multi-species, multiple age, mixed

hardwood stands. This structure makes it closer to the

tropical forest than forests in the Pacific Northwest

region, even though there are still some very important

differences. The data were collected from 1949 to 1968.

Each year from 1949 to 1953 a block of eight permanent

one-half acre plots of was established, to produce a

total of 40 plots. A full inventory of each block was

conducted every five years, but only 36 trees per plot
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were marked so that their growth could be followed

through time. At each time point the DBH of the marked

trees was recorded. Estimates of basal area in square

feet and wood volume in cords were also made on a per

acre basis.

Data analysis

Before computing the regression coefficients,

marked trees in every plot were classified and grouped

into one-inch diameter classes. By remeasuring the same

plot five years later, it was possible to track

individual trees and determine whether they remained in

the same diameter class, grew one, two or more diameter

classes or died. This data provided, for every diameter

class i after every five-year period, the proportion a

of trees that remained in the same diameter class, b1

the proportion of trees that grew one diameter class and

c the proportion of trees that grew up two diameter

classes or more. From the information available, it was

not possible to make a distinction between harvested and

dead trees. Therefore a tree which did not fall into

one of the above groups was considered dead. In this

way, the sum of the three proportions (a1+b1+c1) was

less than or equal to one. This evaluation was
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performed for three successive growth periods. To avoid

problems in statistical analysis from too many extreme

proportions (0 or 1), and given that the site was

considered homogeneous, plots were grouped according to

their basal areas into categories of 10 square feet and

each category was labelled by its midpoint. In

addition, diameter classes containing less than four

trees were eliminated. The same approach was used by

Solomon and Hosmer (1986) to improve statistical

analysis using 40 square feet basal area categories.

Many tree species were represented in the study

plots and it was decided not to estimate transition

probabilities for each of them, but to group them

according to their commercial and growth

characteristics. In fact, the behavior of these groups

is of a great interest, because if the model is to be

applied in the tropical region where hundreds of species

may be present in the same hectare of natural forest,

grouping will certainly be a viable approach. The four

groups distinguished at the beginning of the analysis

were:

i) the red and black oaks: this group was made up
of northern red oak (Quercus borealis), black oaks
(0. velutina), chestnut oak (0. montana) and
scarlet oak (0. coccinea). These are considered
fast growing oaks.
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white oaks (Quercus albus), which are slow
growing oaks.

other commercial hardwoods. This group
consists of yellow poplar (Liriodendron
tulipifera), red maple (Acer rubrum) and hickory
(Carya ovata).

other non-commercial hardwoods like sassafras
(S. albidum) and dogwood (Cornus spp.).

Later in the modeling process, it was found that an

insufficient number of observations were available for

non-commercial hardwoods; therefore, that group was

eliminated. This elimination should not have any

important consequence on the analysis.

The statistical analysis consisted of linear

regression with each of the proportions, a, bi, and c1,

used as the dependent variable, and the midpoint of the

diameter class and the basal area as independent

variables. Basal area was estimated taking into account

all trees regardless of their species, while the

midpoint of the diameter class was considered for each

species group. Basal area was used as the as a measure

of competition and density from all groups; and the

midpoint of the diameter class of the specific group was

included to recognize individual growth characteristics

for each species group. Variables describing the

relative position of the diameter class in the stand,
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such as basal area of larger trees or the midpoint of

the diameter class over the average diameter of the

stand would have been appropriate; unfortunately, the

information available did not allow us to test these

variables. However, it was possible to use

transformations of the independent variables mentioned

above, especially the square of the basal area and the

square of the midpoint of the diameter class.

Therefore, when fitting each dependent variable, four

independent variables were available. The small number

of independent variables made it possible to screen all

combinations of variables and choose the best subset

based on the value of the adjusted coefficient of

determination (adjusted R2).

An ingrowth equation was obtained using the basal

area and the proportion of the species whose ingrowth

was modeled in the stand as independent variables. The

five-inch trees were considered the smallest diameter

class in this study.

After developing regression coefficients, the model

was tested by making predictions of number of trees per

diameter class over 10 years and comparing the predicted

values with the actual values. Percentages of deviation

of predicted values from actual values were then
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calculated. These predictions were made for stands

composed of white oak (65%), red and black oaks (2 2%)

and other comnmerciai hardwoods (13%) with a basal area

of approximately 97 ft2/acre.

Knowing the characteristics of each of these

stands, it was possible, using the regression equations,

to calculate for every diameter class within a given

species group; a (the proportion of trees remaining in

the same diameter class i), b1 (the proportion of trees

growing up one diameter class) and c (the proportion of

trees growing up two diameter classes or more) . Once

these proportions were obtained, a matrix G5 for each

species group could be calculated:

a1 0 . 0

a2

Gs= b2

0 C2 an_2

bn_2 an_i

0 0 cn_2 bn_i an

This matrix was then multiplied by the vector of

diameter class distribution of the species group

concerned at the beginning of the growth period:
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st = (ist, 2st' 3st' '1nst)'

where Yj.t is the number of trees of species groups in

diameter class i at time t.

The ingrowth was then estimated using the

regression equation developed and this produced the

vector

(-sk' 0, 0,..., 0)

where isk is the estimated number of trees of species

group s growing into the smallest diameter class during

the growth period k. The addition of the vector I to

G5*Y5t gives the projected diameter class distribution

for the species group s at the end of the growth period:

's(t+k) GsYst +

At the end of the growth period, the global structure of

the stand was found by adding all vectors characteristic

of individual species group.

t+k = >s(t+k)

The computer program used in this study was FIBER

(Solomon and Hosmer), with the replacement of the

coefficients developed by Solomon and Hosmer with more

recently developed coefficients obtained from the data

collected in the West Virginia tJniversity Forest.

It should be noted that the mortality does not show

up in the model explicitly but is implied; since the sum
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of the proportions a, bi, and cj is less than or equal

to one, it assumes that when this sum is less than one,

the remaining proportion can be attributed to mortality.
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RESULTS

Results

The regression coefficients were obtained by weighted

linear regression techniques, the weights were the numbers of

trees in every diameter class at a given basal area (table

6) . To choose the best regression equation, all possible

combinations were screened, and the equation with the highest

adjusted coefficient of determination (R2) was selected.

Although the significant variables change with species and

the transition probability to be estimated (ai,bi or ci),

basal area was found to be the most consistent factor

affecting transition probabilities. Basal area (ba), for

instance, was the only significant factor in the prediction

of a1 (proportion of trees remaining in the same diameter

class) and b1 (proportion of trees growing to the next

diameter class) for white oak. On the other hand, the square

of the basal area (ba2) was the least significant variable.

Diameter class was very significant in the estimation of c

(proportion of trees growing up two diameter classes or more)

for all species.

57



Table 6: Regression coefficients for transition

probabilities estimation in the Bennett Woodlot (West

Virginia) (1)

Species Dependent Independent Variables
Variables ba ba2

black and aj NS 0.006153 0.042678 NS 0.4531
red oaks (0.000794) (0.009201)

(41) bj 1.189191 -0.03314 0.162763 0.00021 -0.009626 0.2128
(0.69726) (0.0146) (0.0313) (0.00009) (0.005344)

cj 0.365933 -0.004067 0.023567 NS NS 0.2686
(0.137706) (0.00158) (0.013809)

white aj -0.263637 0.007922 NS NS 0.4759

oaks (0.107682) (0.007922)
(33) b 1.058897 -0.006352 NS PiS 0.2750

(0.149298) (0.00198)
c1 0.286826 -0.003953 0.009988 0.3865

(0.009545) (0.00085) (0.006364)

other a1 0.132282 0.006144 -0.089576 NS 0.003273 0.5754
hardwoods (0.122282) (0.000783) (0.02834) (0.001516)

(58) b1 0.155768 0.004132 NS NS 0.222
(0.013922) (0.001775)

cj 0.532997 -0.01133 0.151261 NS 0.006934 0.5326
(0.237988) (0.001416) (0.051276) 0.002742)

(]) NS = non-significant, K = intercept
ba = basal area of the stand including all species,
d = diameter class of each specific group.
The number in parenthesis below every regression
coefficient represents its standard deviation and
below the species names are the numbers of
observations
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The coefficients of determination adjusted for degrees

of freedom (Table 6) vary from 0.2128 to 0.5754. For all

groups of species, the lowest R2 values were found in

equations for b and the highest in equations for a. This

means that with the variables tested, it was most difficult

to predict bi.

The ingrowth equation found was

I = 14.09 - 0.277ba + 0.144PS (R2 =.22)

where I is the ingrowth into the smallest diameter class

(five inch), ba is the basal area of the stand and PS is the

proportion of species in the stand. This ingrowth equation

was applied to all groups of species,

Since independent inventory data were unavailable from

the West Virginia University Forest, data recorded from the

nearby Bennett woodlot were used to test the model, even

though the trees were slightly more mature.

The projection was performed for 10 years because the

trees of the Bennett Woodlot, which is a demonstration area

belonging to the Appalachian Hardwood Manufactures, Inc., had

two different stand types: one dominated by oak types with

approximately 97 ft2 per acre of basal area, and the other

dominated by cove hardwoods. The results of the prediction

were compared with actual distribution on a per acre basis

(table 7). The deviations of predicted values from actual
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vary from 0 to 33.3% on both sides. The mean percent

deviation deviations was +0.67% instead of 0.0%, indicating

slight overprediction, and the standard deviation about that

mean was 18%.
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Table 7: Comparison of actual vs. predicted stand structures

in the Bennett woodlot in West virginia(1-).

Species Diameter Predicted Actual Difference Dev.
Class n0 n10 n10 # of trees %

Black 15 4 0 0 0 0

andRed 16 5 0 0 0 0

Oak 17 3 0 0 0 0

18 8 8 7 +1 +14.3
19 0 6 5 +1 20.0
20 0 3 3 0 0

21 0 3 4 -1 -25.0

White 5 4 0 0 0 0

Oak 6 0 1 1 0 0

7 6 2 2 0 0

8 11 2 2 0 0

9 6 4 3 -1 -33.3
10 0 6 7 -1 -14.3
11 8 5 6 -1 -16.7
12 0 3 3 0 0

13 7 3 4 -1 -25.0
14 0 4 5 -1 -20.0
15 9 8 7 +1 +14.3
16 5 6 5 +1 +20.0
17 0 8 6 +2 +33.3
18 0 4 3 +1 +33.3

Other 13 8 0 0 0 0

Hardwoods 14 2 0 0 0 0

15 4 5 5 0 0

16 0 5 6 -1 -16.7
17 0 4 3 1 33.3

(fln0 = number of trees per acre in corresponding
diameter class at the beginning of the prediction
period
n10 = number of trees per acre in the corresponding
diameter class after 10 years
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Discussion

The regression equations obtained have low coefficients

of determination (Table 6), especiaLly the equations for bi's

which have their R2's less than 0.3. Low R2's are common

in forest modeling. Michie (1980), for instance, reported a

coefficient of determination of about 0.15 for his ingrowth

equation; however, it is possible that the regression

equations in this study may have been underspecified.

Specifically, the relative position of the tree (or the

diameter class) in the stand - usually expressed as the basal

area of larger trees or as the ratio of the midpoint of the

diameter class over the average diameter of the stand - was

not used in this study and might have improved the fit. This

variable could not be estimated by the information provided

in the inventory. Forty plots were measured and only the

growth of 36 trees per plot was followed. Deleting diameter

classes which had less than four trees, improved the fit, but

the size of the data set became even smaller; 58 observations

for other hardwoods, 41 for the red and black oaks, and 33

for the white oak. Solomon (1986), for instance, reported a

similar study using 359 plots. The effect of small size

could have been offset to some extent if all the trees in the

one-half acre plots were numbered and their growth followed

through time.
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Although the predicted number of trees deviated by as

much as +/- 33.3% from the actual values, which may appear

very high compared to 6.8% reported by Solomon and Hosmer

(1986), the model should still be regarded as satisfactory in

general. Even though the Bennett Woodlot was located nearby,

the distribution of trees in diameter classes was slightly

different than the distribution observed in the West Virginia

University Forest where the diameter classes ranged from 5

to 16 inches, with most of the trees in diameter classes

smaller than 12 inches. In contrast, the diameters of most

trees in the Bennet Woodlot were above 12 inches and the

trees were distributed from the five inch class to the 18

inch class. In addition, the area used for the prediction

was even smaller, making the high standard deviation

understandable.

In general equations for transition probabilities have

linear forms which make them easy to use, but which can give

negative values (especially in extrapolation) . Negative

values are an impossible artifact that can be eliminated

either by making them equal to zero (which was done in this

study) or by using other equation forms (e.g the logistic

equation).
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Conclusions

The model discussed in this study presents potential for

adaptation to tropical regions. Nevertheless, it should be

emphasized that a better data set would be needed to achieve

more efficient results. If a similar study were conducted in

a tropical region, efforts should be made to use observations

in a larger area or, if a small area is used, plots should be

large enough (at least one-half acre) and all the trees in

each plot should be tagged. In addition, the information

should permit the testing of more variables, especially those

related to the relative position of the diameter class in the

stand and the quality of the site.

The fact that groups of species with similar growth

characteristics and similar commercial values were used with

results not very different from a single species (case of

white oak) is encouraging for potential use of this modeling

approach in the tropical forest. However, better forms of

regression equations (other than linear) should be

investigated to avoid negative probabilities.

Predictions are tedious; therefore a computer program to

perform those computations is necessary for more complex

forests. Such a program would be complex. For instance,

FIBER, written by Solomon and Hosmer, covered a total of 60

pages of FORTRAN code; therefore, writing a new program would
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require more time and could not be done within this study.

Unfortunately, a simple modification of FIBER was

insufficient, since FIBER has many more built-in values than

regression coefficients in relation to the management

techniques encountered in the northeast region of the United

States (volume tables, q-values, assumptions on site

qualities, etc.).
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