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SUMMARY 
 
In the General Report on Inventory of Liberian National Forests the forestry conditions of 
Liberia are described in general to the extent possible on the, basis of our inventory work and 
associated studies. 
 
Initially, the inventory methods, in particular the problems of data collection and data 
evaluation, are described in the Report. 
 
Of natural conditions the climate of Liberia is discussed in detail, as it has a major influence 
on the distribution of tree species, and certain climatic regions are defined. 
 
Vegetation zones, forest types, the influence of human settlement and of the animal world on 
the structure of the closed forest are described to the extent possible on the basis of our 
inventory results, and a calculation of the total area of closed forest has been derived from 
these data. 
 
Furthermore, the attempt has been made on the basis of data relating to the High forest to give 
a picture of’ the undisturbed forest structure in the various zones of vegetation and parts of the 
country. The criteria used are above all the number of trees, and the basal area per species 
group. Information was included on the occurrence of the most important and most common 
species, their area of distribution and concentration in terms of volume in a manner as detailed 
as possible. Forestry conditions in individual National Forests, as described in detail in 
Reports 5 - 9, are discussed again in the summary of this Report, but exclusively with regard 
to exploitability. 
 
The country has been divided into seven timber areas, whereby a general survey of its timber 
resources has been given. 
 
As a summary the conclusion is derived from this Report, as to how much of the closed forest 
area will finally be exploitable - under daily aspects, and last but not least based on the latest 
knowledge gained through technological investigations in connection with this inventory 
project. 
 
For south-east Liberia, where 90 per cent of the exploitable forests are located and which will 
be the major exploitation area in future, the timber volume that can be exploited with certainty 
has been deduced, and the possibilities of industrial utilization have been discussed in detail. 
 
Finally, a short description is given of the conditions of regeneration of the forest in the 
various zones of vegetation. 
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The Liberian National Forests 
 
 
Northwest-Liberia 
 

sq.km acres 
 
Gola 2,070 511,485 
Yoma-District 148 36,665 
Kpelle 1,748 432,000 
Lorma 435 107,500 
North-Lorma 1,000 247,100 
Mt. Wutivi Park 288 71,000 
Belle (proposed) 665 164,000 
Vai (abandoned) 483 119,335 
 
 
North-Liberia 
 
West-Nimba   130 32,000 
East-Nimba   290 71,650 
 
 
Southeast-Liberia 
 
Grebo   2,510 620,000 
Gio 330 81,370 
North-Gio 44 10,976 
Gbi 610 150,656 
Krahn-Bassa 5,140 1,270,000 
Sapo 1,530 378,000 
Tienpo-Park (proposed) 130 32,000 
Total size of established National Forests in Liberia: 
 16,000 sq.km or 4 Mill acres 
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viii  General Report on National Forest Inventory in Liberia – Technical Report No. 1 

  German Forestry Mission to Liberia, 1968 

 

TABLE OF CONTENTS 
 
 
AUTHOR’S ACKNOWLEDGEMENT ...................................................................................iii 
 
SUMMARY ............................................................................................................................... v 
 
1 STARTING SITUATION AND CONDITIONS FOR FIELDWORK ............................. 1 

1.1. Scope and objectives of the study .............................................................................. 1 
1.2. The interpretation of aerial photographs .................................................................... 1 
1.3. Information about the forest conditions ..................................................................... 2 

 
2 THE INVENTORY SYSTEM........................................................................................... 5 

2.1 Inventory technique.................................................................................................... 5 
2.2 Species and species groups ........................................................................................ 6 
2.3 Sampling system ........................................................................................................ 8 
2.4 The enumeration....................................................................................................... 12 

 
3 NATURAL CONDITIONS OF LIBERIAN FORESTS ................................................. 21 

3.1 Land Forms .............................................................................................................. 21 
3.2 On the Climate ......................................................................................................... 22 
3.3 Geology and Soils .................................................................................................... 32 
3.4 The Terrain............................................................................................................... 32 
3.5 The Vegetation Zones .............................................................................................. 34 
3.6 The Geographical Distribution of Forests in Liberia ............................................... 37 

3.6.1 The Area Covered by Forests........................................................................... 37 
3.6.2 Distribution of National Forests . .................................................................... 39 

 
4 THE STRUCTURE OF LIBERIAN NATIONAL FORESTS ........................................ 41 

4.1 The Stratification of Forests: Forest Types .............................................................. 41 
4.2 Quantitative Description of Growing Stock and Timber Potential .......................... 49 
4.3 Growing Stock of Undisturbed High Forest in the Different Vegetation Zones ..... 50 

4.3.1 The Basal Area of High Forest (see Graph 4................................................... 51 
4.3.2 Number of Trees of Total Forest and per Species Group  
 in Undisturbed High Forest ............................................................................. 51 
4.3.3 The Faultless Volume of Trees above 40 cm. DBH in High Forests ............... 53 

4.4 Average Growing Stock in National Forests - Selection of Timber Areas .............. 54 
4.5 The Elements of Timber Potential in Liberian Forests ............................................ 56 

4.5.1 Tarrietia utilis .................................................................................................. 56 
4.5.2 The Other Export Species of Group 1 .............................................................. 58 
4.5.3 Core Veneer Timber (cf. Rep. No. 8)................................................................ 59 
4.5.4 Import Timber Species of Groups 3/4 .............................................................. 61 
4.5.5 Heavy Construction Timber (species Group 5)................................................ 64 

4.6 Possibilities of Utilization in Individual National Forests ....................................... 65 
4.6.1 The Krahn-Bassa and Sapo National Forests (Report No. 7).......................... 65 
4.6.2 Reconnaissance in the North Gio, Gio and Gbi National Forests 
 (Report No. 6)................................................................................................... 69 
4.6.3 The Grebo National Forest (Report No. 5) ...................................................... 70 
4.6.4 The Forests in North-West Liberia (Report No. 9) .......................................... 73 
4.6.5 The Forests in Northern Liberia ...................................................................... 76 



General Report on National Forest Inventory in Liberia – Technical Report No. 1 ix 

German Forestry Mission to Liberia, 1968 

5 THE EXPLOITABILITY OF THE TIMBER POTENTIAL IN LIBERIA WITH 
 RESPECT TO NATIONAL PLANNING ....................................................................... 77 

5.1 Opportunities for the Establishment of a Timber Industry in Liberia...................... 78 
5.2 Exploitation in North-West Liberia.......................................................................... 79 
5.3 Exploitation in South-East Liberia ........................................................................... 80 

 
6 THE NATURAL REGENERATION OF FORESTS...................................................... 83 

6.1 Reproduction in the Mature High Forest.................................................................. 84 
6.2 Development of Regeneration after Farming........................................................... 85 

 
7 WILDLIFE IN LIBERIA ................................................................................................. 88 
 
INDEX OF LITERATURE...................................................................................................... 89 
 
INDEX OF TABLES 
 
1a Rainfall in the West 
1b Rainfall in the North and Southeast 
2 Temperatures: Daily Average Maxima and Minima per Month in Degrees Faherenheit 
3 Climate Chart of Liberia 
4 Closed Forest Areas in Liberia 
5 Approximative Proportion of the Main Forest Types in National Forests 
6a  Number of Trees above 40 cm. DBH per sq.km. by Species Groups 
6b  Volume above 40 cm. DBH per sq.km. in cu.m. over bark by Species Groups 
7 The most Frequent Species of Species Groups in the Different Forests and Timber 

Areas 
 Number of Trees above 40 cm. DBH per sq.km. 
8 The Timber Areas in Liberia 
9. The Exploitable Timber in South-East Liberia 
10. Evergreen Rainforest – Number of Reproduction and Mature Trees per sq.km. 
 a Species Groups 1 and 2 
 b Species Group 3 
 c Species Groups 4 and 5 
 d Species Groups 6 and 7 
 
11. Diameter Distribution of Reproduction and Mature Trees for the Forest Types 

“Tetraberlinia High Forest” (East Sapo Forest and “high Forest” (Nimba Forest) 
12. Moist Semi Deciduous forest – Number of Reproduction and Mature Trees per sq.km. 

(Nimba Forest) 
 a Species Groups 1 and 2 
 b Species Groups 3 and 4 
 c Species Groups 5 and 7 
13. Moist Semi Deciduous Forest – Number of Reproduction and Mature Trees per sq.km. 

(North Lorma Forest) 
 a Species Groups 1 and 2 
 b Species Groups 3 and 4 
 c Species Groups 5 to 7 
14. Swamp with Timber – Number of Reproduction and Mature Trees per sq.km. (East 

Sapo Forest) 
 
 



x  General Report on National Forest Inventory in Liberia – Technical Report No. 1 

  German Forestry Mission to Liberia, 1968 

INDEX OF GRAPHS 
 
1 Formfactor Curves of 5 Liberian Species 
2 Taper Curves of 5 Liberian Species 
3 Rainfall in North-West and South-East Liberia 
4 Basal Area in Sq.m. and Number of Trees per sq.km. above 10 cm. DBH of High 

Forests in different Vegetation Zones 
5 Number of Trees per sq.km. by Diameter Classes above 10 cm. DBH of Evergreen 

and Moist Semi Deciduous Forest 
6 Number of Trees per sq.km. of Species Groups 1 to 7 above 10 cm. DBH 
7 Faultless Volume of High Forest above 40 cm. DBH 
8 Two Cross-Sections of Liberia 
9 Plot-Chart of a Tetraberlinia Stand 
10 Diameter Distribution of a Tetraberlinia Stand in Sinoe 
 
 
INDEX OF MAPS 
 
1 Distribution of Rainfall in Liberia 
2 Climatic Regions in Liberia 
3 Sampling Layout in the Grebo Nationl Forest 
4 Sampling Layout in the Krahn-Bassa National Forest 
5a Sampling Layout in the Sapo National Forest 
5b Sampling Layout in the North Lorma National Forest 
6 Degree of Anthropogenous Influence in the Krahn-Bassa National Forest 
7 Distribution of Tetraberlinia tubmaniana 
 Loesenera kalantha 
 Didelotia idea and 
 Didelotia brevipaniculata 
8 Distribution of Brachystegia leonensis and  
  Gilbertiodendron preussii 
9 Distribution of Tetraberlinia tubmaniana in the Krahn-Bassa National Forest 
10 Core Veneer Timber in South-East Liberia 
11 Distribution and Volume Strata of Core-Veneer Species Group in the Grebo National 
 Forest 
12 Volume Strata of Species Group 5 in the Grebo National Forest 
13 Distribution of Gilbertiodendron in the Grebo National Forest 
14 Exploitation Zones in the Krahn-Bassa National Forest 
15 Timber Areas in Liberia 
 
 
 
 



General Report on National Forest Inventory in Liberia – Technical Report No. 1 1 

German Forestry Mission to Liberia, 1968 

1 STARTING SITUATION AND CONDITIONS FOR FIELDWORK 
 
1.1. Scope and objectives of the study 
 
Liberia covers an area of 27.5 million acres (111,370 sq.km). With the help of aerial 
photographs, taken by the US Army, Meyer (2) estimated that about 9 million acres i.e. 33% 
of the land is covered with Closed Tropical Rainforest. The rest of the land is mostly used for 
agriculture through shifting cultivation. The only forest districts which are clearly separated 
from the agricultural areas are the National Forests. They were established from 1953 
onwards by the Bureau of Forest Conservation with technical assistance from the US-AID 
and the planning was undertaken with the help of aerial photographs, taken in 1952/53. 
 
The National Forests have the following characteristics: 
 

- The ownership and administration is in the hands of the government. 
- They are intended for permanent forest management. 
- They are, with very few exceptions, uninhabited. 
- Within them agriculture, especially shifting cultivation, is forbidden. 
- The boundaries have been surveyed and are marked by a 7 feet wide line. 
- The boundaries are constantly controlled by forest guards and patrolmen. Their duties 

are to keep the artificial boundaries clear, to keep out farmers and to control hunters. 
 
The National Forests are administered by the regional and district officers of the Bureau of 
Forestry and Wild Life Conservation of the Department of Agriculture. Up to the present time 
12 National Forests with a total acreage of’ 3.8 million acres or 15,500 sq.km have been 
established. Two further forests with a total area of 235,000 acres (940 sq.km) are planned. In 
addition two National Parks with a total of 100,000 acres will be established. A forest area in 
the north-west of the country was intended as Vai National Forest but was abandoned because 
the forest conditions are partly very poor and at least the southern part of it was granted as 
mining concession. 
 
After the survey was completed the National Forests were declared forest reserves by 
Presidential Proclamation. The proclamation stated that:  
 
“ ... the said reserve shall hereafter be administered and protected as a permanent forest estate 
in accordance with such rules and regulations as may from time to time be promulgated by the 
Secretary of Agriculture for that purpose”. 
 
The establishment of the National Forests was a great achievement for the BFWC. Without 
doubt the forest service successfully protected the reserves from illegal encroachment by 
farmers and hunters. The establishment of the forest reserves was the basis of the work of the 
Liberian-German Inventory Team 
 
 
1.2. The interpretation of aerial photographs 
 
The demarcations of the National Forests were based on aerial photographs prepared by the 
Aero Service Corporation, Philadelphia, Pa., on a scale of 1:40,000 in 1952-53. More recent 
aerial photographs were not available to assist the present inventory. Also, the photographs 
that were available were only of limited use as they had wide and unsharp edges and were 
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irregularly exposed. Moreover, because of the panchromatic film used the thick haze layer - 
typical of Liberia – was hardly penetrated, so that only the strongest contrasts in the landscape 
were detectable on the photographs: Wide rivers, villages, new areas of shifting cultivation 
and occasionally the more prominent hill ranges. Aerial photographs of High forest areas 
sometimes allowed a distinction between stands with predominantly small crowns (here the 
emergent trees are missing) and others where large crowned trees are predominant. 
 
Such aspects are, however, restricted to relatively small areas, and were only seldom of use in 
stratification. Above all it was impossible to distinguish older areas of secondary growth – so 
- called old farmland - from small crowned but mature High forest. It was therefore not 
possible to distinguish accurately by help of the aerial photographs the valuable High forest 
areas from the areas impoverished by shifting cultivation. The interpretation of the aerial 
photographs was further restricted as a large proportion of the pictures showed only cloud 
fields, and large areas of the forests were not covered at all. These parts appear on the map of 
Liberia, scale 1:500,000, as white strips. 
 
 
1.3. Information about the forest conditions 
 
A very good “Annotated bibliography of Liberian Forestry and Botany 1849-1964” has been 
prepared by J.V. Thirgood (21). 
 
Net volume: Karl Meyer (2) published in 1951 a first estimate for the forests. His evaluations 
were based on the interpretation of aerial photographs, a few ground samples, and principally 
on visual estimates. He classified the areas into large forest units and estimated that of the 
8.95 million acres of closed forest, the growing stock was equivalent to an average of 15,000 
board feet per acre (from trees with a breast height diameter over 2 feet or 60 cm) (this equals 
app. 15,000 cu.m per sq..km). 
 
Timber species: At the beginning of the work of the German Forestry Mission the BFWC 
already had a fair idea of the timber species which might be expected in Liberia. However, 
almost nothing was known about the species composition or about the proportion and volume 
of the most important merchantable species in the individual forests. Not more was known, in 
general, that the export species occurred more frequently in the northern part of south-eastern 
Liberia than in the coastal districts. 
 
Systematic botanical collections (see Voorhoeve 15): Information on the vegetation of Liberia 
can be obtained principally from the systematic plant collections, such as those of Max 
Dinklage (prepared in the first quarter of this century), and of H.D. Linder (1926-27), botanist 
of the Harvard African Expedition. 
 
Of particular value is the work of Cooper and Record of Yale University carried out in the 
concession areas of the Firestone Plantation near Harbel in 1928-29. They collected about 
500,000 specimens, which included 286 tree species, from 52 half-acre plots. The most 
important physical properties of 104, of these tree species were subsequently investigated at 
the Yale School of Forestry. It should be mentioned that the stand densities calculated by 
Cooper and Record correspond well with our own data. 
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The Harlay Herbarium of the College of Forestry of the University of Liberia, started by Dr. 
and Mrs. G.W. Harley of the Methodist Mission in Ganta, Liberia, and extended in recent 
years by several young botanists, notably Voorhoeve, is also very valuable. 
 
 

The physical wood properties of the merchantable tree species of Liberia were to some extent 
known from the technical literature, especially Gottwald (5). In addition, Kryn and Fobes (7) 
gave a good summary of technological data on otherwise little known species. From this 
information we were able to arrange many of the timber species into utilization classes - 
called species groups. On the other hand, however, as will be mentioned later, there was 
absolutely no information at all on the suitability of some of the very abundant tree species. In 
addition to this lack of practical information on the usability of the non-commercial woods, it 
was also not known to what extent the internationally known commercial timbers could be 
compared with those originating from other west African countries. 
 
Mensurational information: No basic information was available on form factors, taper curves, 
increment studies, etc. A further difficulty was the lack of knowledge on the usable output, 
especially the faultless bole length and the proportion of inner defects of the different 
commercial species. 
 
Basic knowledge on the topography of the National Forests: Practically nothing was known 
about the topographical conditions within the National Forests. The information which could 
be obtained from the aerial photographs was limited to the courses of large rivers and 
occasionally the location of high mountains and ranges. During our field work, however, we 
found many additional and unexpected mountains and ranges which were previously 
unknown, and which were therefore a considerable hindrance to us. 
 
Information on climate: The climatic data necessary for the interpretation of our vegetation 
analyses were at the outset only available to a very limited extent. A chain of meteorological 
stations was, however, built a few years earlier and these are supplemented by stations at the 
iron ore mines, plantations and mission stations. Through these we were able to collect further 
information from year to year. 
 
Accessibility of the National Forests: The National Forests lie around the borders of the 
country, up to 450 miles (on average 350 miles) from Monrovia. As the roads were not easily 
passable two days were required for the approach journey. This was particularly the case in 
the first years as the road system then was not so well developed as it is today. 
 
The forests themselves lie generally away from modern transport routes and it required up to 
5 days - on average 3 days - walking time to reach their boundaries. Access and supply lines 
in the forests had to be cut by us. The greatest width of the National Forests inventoried by us 
was 45 miles. The long transport on the highways and trails made the supply for the 
enumeration crews problematic. The main food, rice, could be bought in the south-east in the 
villages around the National Forests. There were, however, great difficulties associated with 
this as the countryside was only scarcely settled and the supplies in the villages were 
occasionally exhausted by the end of the dry season. During the work in the north-west of the 
country it was even necessary to order the rice from Monrovia as the rice supplies in the 
villages were never sufficient to meet the additional requirements created by the inventory 
teams. An inventory crew of 20 men required 40 pounds of rice a day. The meat requirement 
could be obtained by shooting game. The personal requirements of the forest officers had to 
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be reduced to a minimum. The total equipment and provisions for 4 weeks (excluding the 
rice) could not exceed 2 headloads. 
 
Because of the long access the work periods had to be at least 2 months and occasionally 
three months long. During this time no rest periods were possible. The daily work period was 
12 hours. 
 
During the rainy season the work had to be interrupted as the connecting trails in the bush 
were flooded and impassable over large areas. On account of this the working time was 
reduced to 7 months, and even to 5-6 months in the coastal area in south-east Liberia.  
 
Owing to the low population density it was difficult to hire sufficient workers, especially as 
the inventory work corresponded with the busiest agricultural seasons (brushing, cutting, 
burning). The workers applied themselves quickly the disciplined work, and were industrious 
and reliable. In north-west Liberia workers were again so scarce that we had to transport them 
from the Tappita-Tchien area up to 250 miles away. 
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2 THE INVENTORY SYSTEM 
 
Scope of the work 
The inventory of the National Forests is primarily of economic importance. The inventory 
should furnish the Liberian government with the necessary information for the long-term 
planning of forestry and forest products, that is to say, for the optimum exploitation of the 
forests, the development of a timber industry and the necessary infrastructure. 
 
The results of the inventory should also provide the foundation for further feasibility studies 
and business enterprises and must incorporate all the information with regard to the many 
questions which might arise from the various branches of the timber industry. Furthermore, 
the inventory results should provide a basis for the development of a silvicultural programme. 
Therefore, the following points had to be considered: 
 

-  The units of assessment must - in definition and size - be capable of economic 
exploitation. 

-  All tree species must be included and of these at least those trees of merchantable 
dimensions. 

-  For future silvicultural management information on the reproduction must also be 
available. 

-  The number of trees and the volumes must be classified according to the diameter of 
the boles. 

-  The area must be organised into forest types especially ecological strata, regeneration 
stages, etc. 

-  Sufficient information on the terrain must be collected to allow quantitative estimates 
to be made on the accessibility. 

 
 
2.1 Inventory technique 
 
Costs of the inventory 
- These should be in proportion to the anticipated results. 
- A balance must be struck between the available time and financial resources on the one 
hand, and the extent of the work on the other. As time and financial resources were restricted 
the activities were to concentrate on the promising forest, i.e. centers of gravity had to be 
formed in this respect. 
 

a. The inventory was mainly conducted on the basis of sampling. Nearly all the 
necessary information - i.e. all the numerical details - was collected by enumeration on 
sample plots, including: 

 
- the counting of number of trees of each species and measurement of their diameters, 
- the estimation of merchantable volume (from DBH 40 cm (16 ¾”) and not 

merchantable volume (from DBH 10 cm (4”) to DBH 40 cm), 
- the classification of forest types, 
- the measurement of gradients to characterize the local topography, 
- the assessment of the reproduction. 

 
b. By special investigations the basic information necessary for the final calculations and 

evaluation of the inventory data was obtained: viz, measurements for the construction 
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of taper curves, timber defect studies, timber technological investigations, collection 
of all obtainable meteorological and topographical information, etc. 

 
c. Special field trips were made for reconnaissance studies where more intensive studies 

were not possible because of the limited time and finance. 
 
 
2.2 Species and species groups 
 
Tree identification 
A basic knowledge of the Liberian wood species was provided by Dr. A.G. Voorhoeve 
(FAO), botanist at the College of Forestry. He also assisted us in the selection of so-called 
tree-finders - mostly Gio tribesmen who have exceptional knowledge of the trees of the forest 
in their own language. Dr. Voorhoeve also provided for us the first species list with the 
corresponding Gio tree names so that we could translate the information given by the Gio tree 
finders into the scientific names of the species. The enumerators soon developed a good 
knowledge to identify the tree-species but one tree finder always remained with each 
enumeration crew, as this facilitated and speeded up the enumeration. The species unknown 
to us were later identified by the botanist of the Forestry Mission or by botanical institutes. 
Further lists of species names were prepared by us for the Krahn and Kulu dialects. 
 
All trees from DBH 10 cm (12.7 cm in the first forests) were enumerated on the sample plots. 
They were classified according to species and species groups. 
 
In all, 90 species were recorded by their name, but frequent species of the same family having 
similar properties were registered under one code (see Appendix). We classified the 90 
species into 6 species groups. A seventh group included all the other trees not individually 
mentioned. 
 
1. Marketable species 
Groups 1-5 include all timber species whose technological properties make them suitable for 
industrial use. They were sub-classified according to their main applications. 
- Species group 1 contains the export timber. For no other group is the demand and price so 
variable. The group is divided into 2 sub-groups: 
 
Group la includes all timber species which generally fetch a good price as round woods on the 
world market. All four species of the genus Entandrophragma were designated as export 
timber although Entandrophragma candollei has only a limited market. The Liberian E. 
candollei is better than that from other countries. It comprises 3-10% of this family and is 
therefore not very significant. 
 
Group lb contains only four species from the genera Terminalia, Afzelia and Guarea. Their 
commercial value is much less than of those in Group la. The quality of the Terminalia 
species from large parts of Liberia is below that required on the world markets. 
 
- Species group 2: This contains 6 species which are already known on the world market. The 
demand is variable, however, and the price low. Export is only economical when transport 
costs to the harbour are low and the general exploitation conditions favourable. These 
conditions do not often exist in Liberia. Four species of this group (Canarium, Mitragyna, 
Pycnanthus and Antiaris) have a low specific gravity and are very suitable for core veneers, 
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though they are definitely vulnerable to attacks by insects and fungi. The other two species 
(Nauclea and Turreanthus) again produce excellent and decorative sawn lumber. Nauclea 
diderichii is resistant to termites and should therefore be kept for the local market. 
 
- Species groups 3 and 4 belong together with respect to utilization. They were only separated 
for the electronic data processing. 30 species belong to these groups. They are mainly 
medium-weight woods (specific gravity 0.6-0.8) of average durability, which can be used for 
sawn lumber, and are at least suitable for the home market. Most of these species are good 
sawtimber suitable for all joinery and construction work. However, for the latter application 
impregnation against fungal attack is recommended 
- particularly if the wood is used for long-term outside construction work. 
 
Two very frequent species of this group - Calpocalyx and Gilbertiodendron - have a limited 
use as sawtimber and are only suitable for rough carpentry work. 
 
Loesenera kalantha which is very frequent in the south-east is unsuitable for industrial uses, 
with the exception of pit props (as shown by the investigations in Reinbek, Germany, see 
Report No. 11). 
 
On the other hand it is possible that a few timber species such as Tetraberlinia, Brachystegia, 
Didelotia and Berlinia might be suitable for export as sawn lumber. Our investigations also 
showed that they are suitable for veneer peeling. 
 
- Species group 5: 8 species mostly with high density belong to this group. These have high 
strength properties and are therefore particularly suitable for heavy construction work of all 
types (viz, for railway sleepers, parquet flooring, harbour constructions, etc.). Lophira alata 
has a high natural resistance to fungi and to marine borers. All the other species must be 
impregnated to improve their resistance. 
 
Core veneer timber: Later we distinguished another commercial group, viz, core veneer 
timber. It comprises 8 species from groups 1-6. They are light woods and generally well 
known as to have good peeling properties. 
 
2. Not marketable species: Species groups 6 and 7 
Species group 6 contains all species occurring with any noticeable frequency in a given area, 
but which, according to tests, are not suitable for industrial purposes or whose wood 
properties were still completely unknown. 
 
Group 7 “miscellaneous” contains all species (unspecified) which occurred in such small 
dimensions or with badly shaped boles or were so rare that they had no economic value. 
 
Comments on the timber classification: 
 
The marketability of a species depends not only on its technical properties but to a large 
extent, on the state of the market, and with the little-known species, on the promotion. 
Ultimately the marketability is governed by the demand. The species classification is not 
final: 
- for some of the species which occur in large quantities new uses could be opened up and the 
species concerned would then have to be reclassified. This could also be the case for some of 
those of group 6 such as Anthonotha and Uapaca. 
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- the demand for certain export timbers can decline to such an extent that the value of their 
long-term exploitation becomes questionable. 
- some species are of interest both for export and for the local market and do not differ in 
price. 
 
 
2.3 Sampling system 
 
Low intensive inventory (mono-stage sampling): for this purpose the region under 
investigation was completely covered with sample plots (see Loetsch-Haller (15)). 
 
Taking into account the variation of the growing stock, the plots must. be sufficiently dense to 
ensure that the results are statistically significant for the desired size of the units of 
assessment. The amount of work, time and money required for the necessary field work are 
therefore relatively high and such inventories were limited to districts which appeared to have 
economic value, taking into account the accessibility as well as the growing stock (Grebo, 
Krahn-Bassa National Forests). 
 
Reconnaissance Surveys: These inventories were also carried out on a sampling basis. The 
sampling units were, however, not uniformly distributed, the sampling fraction was low 
(under f = 0.003) and the sampling design was statistically less efficient. But less expenditure 
of time and money was necessary. Nonetheless, the reconnaissance surveys were carried out 
on a sound statistical basis and reliable and significant interpretation was possible. 
 
Reconnaissance surveys were used to investigate forests: 
- in districts which were very remote, and which could not be logged without restrictions 
because of the difficult terrain (north-west Liberia), 
- in districts in which the necessity for more intensive survey, the demarcation and the 
sampling design had to be explored by pre-investigations. 
- as a supplement in forest parts of secondary size whose adjacent main part had already been 
investigated. These reconnaissance surveys could be extended to intensive surveys, if the 
results deviated strongly from those for the main part (southern and central Krahn-Bassa). 
 
The sampling technique 
Inventory by sampling has been organized in the last years as follows: 
 
The area under investigation was divided into blocks of equal size (mostly 8 sq.km) and 
within each of these two tracts (or transects) were selected. The location of the tracts within 
the blocks was determined at random Each tract consisted of 40 sample plots which were 
arranged one behind the other, separated by a distance of 40 m, in a straight line (transect) or 
in a square (tract). The sample plots consisted of two concentric circles the first of which 
(radius 12.63 m) had a size of 500 sq.m In this all trees above 40 cm DBH were recorded. In 
the second circle, of 100 sq.m (radius 5.64 m), the reproduction trees of DBH 10-40 cm were 
recorded. 
 
Each tree within the plot was identified, its diameter at breast height (1.3 m above ground 
level) or at a point 40 cm above the buttress was measured with a tape or with callipers, and 
the number of usable or unusable 5 m logs estimated. The terrain - expressed in gradient 
classes - and the forest type was also determined of each sample plot. 
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All measurements and other determinations were registered on a standard recording form, so 
that each plot had its own form. All entries were coded and later compiled by electronic 
computer. Also the volumes of the individual trees were computed on the basis of their 
estimated bole length and measured DBH. For this taper curves were established by species 
investigations and these were fed into the computer (as master deck). 
 
The sample plot was the smallest recording unit (though not statistical unit). The circular plot 
has the following merits: 
- exact definition of the centre, 
- exact and easy definition of the border trees, 
- easy correction of the radius on slops (radius extension). 
 
The 500 sq.m size of the circular sample plot with a radius of 12.63 m proved very successful, 
in particular it was easy to keep the control over the plot even in dense stands, which is not 
the case with larger plots. 
 
The tract comprised an enumeration area of 40 x 500 sq.m = 2 hectares (5 acres). In the block-
tract design this was the smallest statistical unit. It was also the daily work unit of one 
enumerator. With the sampling design used by us and the enumeration work required on each 
sample plot, the enumeration of one such tract corresponded to an optimum daily work load. 
 
The side of the square tract was of length 10 x 40 = 400 m. The square form had the 
advantage that at the end of his work the enumerator was back to the starting point, thus 
saving walking time. This was an important factor under the difficult working conditions. 
Additionally, the four changes of working direction avoids the false representation of certain 
strata which might arise because of topographical trends. 
 
The linear form of a tract (transect was used mainly in the reconnaissance surveys. Here a 
tract was always prepared in the advancing direction so that the necessary clearing work for 
movement and supply lines was correspondingly reduced. 
 
Possible units of assessment are: 
- National Forest of relatively small size, 
- forest part, 
- compartment, 
- exploitation zone, 
- volume or topographical stratum. 
 
The size of the units of assessment depends on: 

a) the feasibility of defining economically significant stand and terrain types, particularly: 
- the possibility of dividing areas with significant differences in the concentration of 

economically important species or species groups into exploitable and not exploitable 
areas (volume strata). 

- the necessity of dividing districts with different terrains into accessible and 
inaccessible areas (topographical strata). 

 
b) The allowed error range, i.e. the probability with which the true mean is to be expected 
within a certain range around the sample mean. In planning inventories a standard error 
range of + 20% at a probability level of p = 0.05 (t = 2) normally is regarded as sufficient. 
In planning only the maximum possible negative deviation from the sample mean is of 
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interest. This leads to the RME (reliable minimum estimate) of mean – S · t, which will 
not be exceeded with a probability of p = 0.025 (97.5%). 
 
If the accuracy limit is fixed, the minimum size of the unit of assessment then depends on 
the coefficient of variation and the sampling intensity. 

 
On the variation in the National Forests 
The variation conditions in the Liberian forests are characteristic for a Richly mixed tropical 
high forest. Within any part of the forests there are only a few species so uniformly 
distributed that the sample coefficient of variation (s%) per species is under 100. Individual 
timber species occur generally in patches and within these patches in various different 
concentrations. For most of the timber species, therefore, s% is several hundred percent of the 
sample mean. For this reason we had to renounce from the very beginning that average values 
for individual species (apart from exceptions) could be obtained within the above mentioned 
standard error range. The sample coefficient of variation is less than 100% only for those 
frequent species which are tolerant with respect to site requirements, i.e. species which occur 
both on uplands and on swampland e.g. for Tarrietia and Calpocalyx it is 80%, and for 
Tetraberlinia in its main distribution area it is 65%. 
 
If the opportunity arose to intensify the stratification of the forests with the help of good aerial 
photographs, then the coefficient of variation for many species could without doubt be 
decidedly reduced. 
 
The s% values calculated by us are referred to the whole forest, without stratification. For this 
reason they are particularly high when: 
- the growing stock has been severely destroyed by shifting cultivation in the last 80 years, 
and when 
- individual species occur in clusters such as Tetraberlinia, Gilbertiodendron, Cynometra, 
Didelotia, Triplochiton, Brachystegia. 
 
Under these conditions the sample coefficient of variation (s%) of species groups can be more 
than 100%. In general, however, it was between 65% and 85% for all species groups. In the 
forests initially investigated by us (i.e. forests 02 to 05) the variation conditions were 
determined by the general equation for unstratified random sampling. By modification of the 
sampling design the s% values in the other forests could be significantly reduced with the 
help of the analysis of variance. 
 
Sampling intensity 
This is dependent on the sampling design and the sampling fraction. Both of these are 
determined by the available time and financial resources. 
 
The sampling design 
The question was how the tracts should be distributed over the area under investigation. In 
this it should be remembered that tracts have to be suitable for a day’s work for one 
enumerator. Two procedures were used: 
 

a) The camp-unit system used particularly in the Grebo National Forest. The sampling 
fraction was 0.5%, 6 tracts were arranged in a narrow circle forming a camp. The distance 
between the tracts was small (maximum 2 km), but between the camps there was a 
distance of 5 km (see map 3). With this design the variation between the camps was much 
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greater than that between the tracts within one camp. Therefore only the camp (but not the 
tracts) counted as a statistical unit. Previously, during the inventories of the Gio and Gbi 
National Forests, 8 and 9 tracts resp. per camp with the same sampling fraction, were 
enumerated. Here the cluster effect was even greater. 

 
b) In the block-tract system the whole area was divided in blocks of equal size and within 
each of these blocks 2 tracts were selected at random It is a restricted random distribution 
of transects with equal sampling fraction in all blocks. Such a uniform distribution 
indicates best the stand differences. Also, by analysis of variance, the variation within 
blocks can be considerable reduced. 
 

The time and cost expenditure is certainly higher with the block-tract design as compared 
with the camp-tract system with the same sampling fraction and the same crew: 
When 2 enumeration gangs belong to an enumeration crew the enumeration rate inclusive of 
move days was: 
- in the camp-unit system, 1.5 tracts per day 
- in the block-tract system, 1.2 tracts per day.  
Thus with the statistically better design the costs were 25% higher. In addition the physical 
stresses of the enumerators were much higher according to the longer distances to be covered 
daily. 
 
Sampling fraction 
This was 0.5% (f = 04005) for the intensively investigated forests. With an s% value of 70% 
for species group 3 and a standard error t · s% = 20% (at p = 0.05) the number of statistical 
units must be 50. This means that using the block-tract system with a tract size of 2 hectares 
the units of assessment may not be smaller than 20,000 hectares. For species group 1 which 
has a somewhat lower variation the minimum size under the same conditions was generally 
15,000 hectares. 
 
Low intensity inventories 
The block tract-system is efficient with a sampling fraction of at least f = 0.005, if the size of 
the tract is 2 hectares. With lower density of the sampling units, the working time and the 
time for cutting etc. are not justified. 
 
For this reason, low intensity inventories (called reconnaissance surveys by us) require cluster 
sampling. 
 
Such an inventory was carried out in the Sapo National Forest with a block pair as primary 
and with 2 + 2 tracts as secondary sampling units - systematically selected out of 6 primary 
units (blocks) (see map 5a). The method for the error calculation was that of a 2-stage 
sampling. The method is very efficient in relation to costs and results given. 
 
In part 091 (Sapo) size = 550 sq.km, with f = 0.002 for species group 1 we found: 
 
s% within blocks = 30%, s% total = 71%, standard error per cent t · s% at p = 0.05, was 
22.4% (15 df). 
 

For the more patchily distributed species group 3, s% within blocks = 50.5% and s% total = 
57.7%, standard error per cent t · s% = 26.1%. 
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In the southern Krahn-Bassa and in the forests of north-west Liberia another low intensity 
design was employed: 
 
From the block network which had been set out over the forest districts, one or two block 
rows were selected which led through the main parts of the investigation area. The results are 
of course only statistically relevant for the blocks actually enumerated and correspond to the 
above described block-tract system. This type of survey served as a supplement to the more 
intensive inventories in the similar neighbouring forests or as pilot inventories in completely 
unknown forests - as in the north-west province. In this way we obtained a first, reasonably 
qualitative and quantitative impression of the forest structure. The field work along the block 
rows could easily be organized; this is very important in remote forests. Also, the costs are 
optimal under these conditions. Furthermore, it is an advantage of this design that the pilot 
surveys can be extended to intensive inventories without difficulty by enumeration of the 
blocks left out - if the initial results made this desirable. 
 
 
2.4 The enumeration 
 
The faultless volume was calculated for all trees over 40 cm DBH from the following three 
factors: 

1) The basal area at breast height; for trees with buttresses the basal area just above the 
theoretical cutting point i.e. where the bole first has a cylindrical form. 

2) The faultless merchantable bole length. 
3) A form factor was applied for all Liberian species. 

 
The measuring procedure during the enumeration 
All enumeration work has been described in detail in Report 2 of the German Forestry 
Mission (Code for Inventory). 
 
Measurement of diameter and basal area 
The circumferences of trees without buttresses were measured with tapes and the diameter in 
centimeter calculated from this. The measurements were made at a height of 1.30 m above the 
ground i.e. breast height. 
 
The diameter determination for trees with buttresses presented several problems: 
 
- It was often difficult to decide exactly where the measuring point should be. 
- Taking measurements above buttresses is not easy and requires a special calliper. Also a 
sufficiently exact estimation of the diameter above the buttresses is not possible even by very 
experienced enumerators. 
 
The measuring point must lie above the buttresses, the root swelling, swollen base and where 
possible, the fluted base i.e. where the stem first assumes a cylindrical form. This estimation 
is very difficult and is often impossible with trees with high fluted bases. We took, as a rule, a 
point “40 cm above the probable felling point” as then the distance between the telling point 
and the measuring point corresponds to that in trees without buttresses. For these diameter 
measurements a so-called gallow calliper designed by us was particularly successful. The 
measurements are made in a similar way as with a calliper but a direct reading of the diameter 
is given instead of the circumference. 
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It is a one-legged instrument. Only one side of the bole is encompassed by the instrument. 
The demarcation of the other side must be estimated visually by the enumerator. 
Measurements with this instrument can be made without difficulty up to a height of 4.50 m 
The buttresses were seldom outside the reach of this instrument. Comparative measurements 
by tapes and callipers were taken by 5 enumerators. In general, slightly lower values were 
obtained with the callipers compared with those given by the tape; these were of the ratio 
98.5:100. 
 
Classification of the stands into dimension classes 
Reproduction 
According to normal inventory practice, all trees of DBH 10-40 cm were classified here; from 
these only the number of trees per 5 cm diameter class was recorded; the heights and volumes 
were not recorded. 
 
Mature trees 
According to inventory practice this class includes all trees over 40 cm DBH. For these the 
following details were collected: 
- number of trees per 5 cm diameter class, which were listed in 10 cm classes after volume 

calculation, 
- merchantable volume, 
- sub-merchantable volume. 
 
Merchantable trees are those with a diameter above the cut limit and with a merchantable 
volume. 
 
Submerchantable trees are all mature trees under the cut limit down to 40 cm DBH. 
 
The cut limit 
An upper limit was not fixed; only seldom were diameters so large as to prevent exploitation 
of the trees. But, overmature trees always have a large portion of decay and sometimes no 
longer satisfy the requirement for sound wood. Most of the trees in a stand, however, are too 
small for technical exploitation. The limit termed as “cut limit” was expressed in cm. DBH. 
From this follows a classification of the growing stock with respect to utilization. The 
minimum DBH suitable for industrial use is determined b the quality and the species. 
 
Woods for slice veneer are traded on the world market mostly with a minimum diameter of 70 
cm. under bark. Wood for saw timber and core veneers for export may be 10-20 cm. less. The 
minimum diameters vary according to the requirements of the world market. For our 
calculations we set an average limit. In order to satisfy this for the first 5m., the log must have 
a DBH of at least 10 cm. above this minimum diameter. 
 
The round wood for the local market goes almost exclusively to the mills as saw timber. For 
this a minimum top diameter of 30 cm. under bark is the lower limit. The cut limit must then 
be 50 cm. DBH in order to allow use of the full faultless bole. 
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The definition of the bole length 
For planning purposes only the usable growing stock is of interest. This varies for the 
individual species and also for the individual diameter classes. The wood of the tree crown is 
not suitable for industrial purposes. This was excluded from the estimates from the very 
beginning.  
 
Only the boles are of economic interest. 
 
The total bole length 
 
This stretches from the ground to the crown point, defined by us as the point where the bole 
forks. Also single branches still belong to the bole i.e. they do not indicate the beginning of 
the crown. 
 
With only few exceptions, the merchantable species belong to the upper canopy or emerge 
above it. They reach this height relatively early when they are only 10-30 cm thick and thus 
still belong to the reproduction class i.e. the pole trees. The total bole lengths vary only very 
little in the diameter range which is of commercial interest. For trees of the upper crown 
canopy, they are 15-25 m depending on the crown length, and for the emergent trees mostly 
25-35 m (an exception is for example Piptadeniastrum which often has a bole length of only 
10-15 m. including buttresses up to the beginning of the dense crown). 
 
The merchantable length 
In all trees this is shorter than the total length because: 
1)  part of the stem is beneath the felling point namely  

- in trees with a straight base, the stump and trim allowance. A large number of fellings of 
Tetraberlinia, Gilbertiodendron, Nauclea, Didelotia and others showed that on average 
the stump and trim allowance together are 93 cm 

- in trees with buttress, swollen base, fluted base or stilted roots, this part of the stem is 
deformed - from the point of view of utilization. This basal part of the stem up to the 
point where the cylindrical bole begins is seldom higher than 4 m (13 feet), but 
sometimes may be as high as 6-7 m (e.g. Piptadeniastrum, Klainedoxa, Nesogordonia 
and others). The deformed part of the bole is not used if the felling is done with an axe; 
however, it can be partly utilized when the felling is carried out with a power saw, 
especially in valuable species. This varies from case to case. In our calculations we 
supposed the most frequent case, namely that the trees are felled at the point where the 
bole becomes an essentially cylindrical form. 

 
2)  The merchantable length is also reduced at the top end of the stem before it divides into the 

branches of the crown. Here a double heart occurs in the wood which spoils it for many 
industrial uses. This part varies in length from 0.5 m to 3 m or more. We took 1.50 m. as 
the average length of the rejetced piece. 

 
3)  Minimum length 
 In general, for an economical utilization of the bole it must give a faultless length of 4 m. 

All trees with a defetc-free stem of less than 4 m were therefore rejetced in the 
enumeration. On the other hand cut logs of export species which were too small for export 
but not for the local market, were not rejected. 
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The reductions mentioned under 1) and 2) above apply to all trees. Other reasons for rejection 
such as crookedness, branches, decay, etc., could partly or fully spoil individual stems and 
accordingly, increase the difference between the total and merchantable lengths. 
 
Provided that all timber defects, inclusive of inner defects are taken into account there 
remains a log which is sound and usable as saw timber (so far as the properties of the 
particular species do not exclude it). This is the merchantable bole length. The average values 
for the individual species are between 8 and 18m. The merchantable bole length was only 
determined for mature trees with DBH over 40 cm and not for smaller (reproduction) trees. 
 
The merchantable bole length generally increases with the stem diameter but it decreases 
again in the over-mature trees as a result of the higher proportion of butt-rot. When thicker 
stems of species which normally belong to the closed crown canopy extend above the canopy, 
the top piece is usually crooked and buckled. The larger total length does not therefore lead to 
a noticeable increase in the merchantable length. 
 
We defined the expression “merchantable length” so that it best suited the wood properties of 
the Liberian species and the economic interests of the wood industry. The quality 
requirements for merchantable timber were taken as those necessary for sawtimber because: 
- most species are only suitable for sawtimber; 
- the growing stock of valuable slice veneer timber is low and even a large proportion of this 

would be used as sawtimber in Liberia itself; 
- a very important factor, only sawtimber quality could be recognized in the enumeration 

with any certainty. 
 
The sorting of the export timber species into marketable grades - veneer and saw timber - 
requires extensive investigations which would have been technically very difficult. Because 
of the low rowing stock of the National Forests this work was not justified. 
 
On the other hand, it was apparent in the course of our work that the exploitation of core 
veneer timber would be worthwhile. We therefore made a supplementary grading to deal with 
this aspect. 
 
The estimation of the total and merchantable bole length  
Because of the density in Evergreen rain forests, an exact measurement of stem heights with a 
hypsometer during the enumeration was not possible. Such measurements would only have 
permitted a quarter of the daily work load mentioned earlier, i.e. the enumeration of only 10 
sample plots or 0.5 hectares. 
 
During the enumeration, therefore, the total and merchantable lengths could only be 
estimated. This was somewhat simplified as the lengths were not required in metres or feet 
but in the number of 5 metre logs. The separation of so-called culled logs has been clearly 
defined in the Code for Inventory. The dimensions of the inner defects in so far as they were 
perceptible from the outside, were also taken into consideration. 
 
The accuracy of the log estimation 
The division of the boles into 5 m logs - for all trees over 40 cm DBH - theoretically allows a 
deviation of the estimates from the actual lengths of up to 2.5 m before this difference must be 
caused by wrong estimation. However, as within one species the bole lengths of individual 
trees of the same diameter varied up to several metres, the deviations compensate over a large 
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number of estimations: From 320 logged stems of Tarrietia the total length, expressed in 5 m 
logs, deviated only 1.2% from the actual length. 
 
During the evaluation of our inventory data there remained to be tested: 

- the accuracy of the estimates i.e. to what extent the estimates correspond to the 
classification rules laid down in 4 inventory code,  

- how far our classification corresponds to practice, i.e whether the boles converted in a 
modern and profitable working saw mill would yield similar quantities to those estimated. 

 
On this we determined that: 
a) The estimates in the enumeration agreed in general with our classification i.e. if carried 

out by good enumerators. 
 
Careful checking of work on the sample plot showed that, with such enumerators, the 
estimated lengths did not deviate more than 3-5% from the actual heights measured with the 
hypsometer Also, the difference is the same if the average of the measured values are 
compared with the estimated values over a large area. Again the measured and estimated 
lengths deviate only between 2-7% from each other. It should be mentioned that the 
differences of volume resulting from this are even less. 
 
Furthermore, relatively extensive tests were made in logging areas in which the log estimates 
were compared with the actual bole lengths. The latter were determined after felling. The 
measurements were made by 5 forest officers on several species. The comparison gave a 
deviation of +3 to +5% of the true length. The deviations always lie within the error limits 
arising from the estimation method (i.e. counting of 5 m sections). 
 
b) The accuracy of the estimates however, is not the same with all enumerators 
Basically only well-trained enumerators were employed. 
Nevertheless, as cheek results showed, occasional errors occurred and caused on average a 
deviation or over 10% in the bole length. 
 
As these systematic errors could not be avoided we developed table values for each species, 
valid for a whole region (south-east Liberia). The advantages of working with such values are 
as follows: The inventory data are comparable, are derivable and can later, if further 
investigations are made, be corrected where necessary. 
 
Table values for faultless length were obtained by us in three different ways: 
- For Tetraberlinia, which was exploited in sufficient quantity, average values of total and 
faultless length could be determined at the felling and logging sites which belonged to a 
logging company running a saw mill (LMC, Bomi Hills). These values therefore correspond 
exactly to those found in practice. 
- For frequent species which were not exploited the average merchantable length could be 
calculated from the check results which were measured exactly with a hypsometer. 
- For rare species there was insufficient material both from checking and from logging sites. 
Here average values were calculated from the estimates of the enumerators. 
 
In the Appendix the average faultless length and volume per diameter class for trees over 40 
cm DBH are set out for all species and genera enumerated by their name. These values were 
used in the calculation of the volumes in the various National Forests of south-east Liberia as 
described in Reports Nos. 5-7. It should be mentioned again that these values are valid for the 
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merchantable length of boles scaled on the principles described above, i.e. according to the 
requirements for average saw timber. 
 
Other quality requirements were not taken into consideration. However, if necessary, the 
volumes for such assortments could easily be estimated from our data. The table values are 
only valid for south-east Liberia where most of the forest investigated by us occur. As the 
same species in north-west and north Liberia occasionally show other growth properties, the 
tables were not used in inventory of these areas. Here the estimates of the enumerators were 
exclusively used. The forest officers employed here were particularly well-trained and 
experienced. Check results showed that the enumerations were reliable. 
 
c) Our classification of bole and estimates of faultless length shown in the volume tables 

were realistic, i.e. they correspond to conservative scaling used in modern saw mills. 
 
Comparative investigations on the difference between the table values used in inventories and 
the actual saw timber lengths were difficult and very time consuming as modern saw mill 
conditions are still in the first stages of development. Moreover, the investigations could only 
be undertaken with a few species and was therefore restricted to such timber which was 
logged by a company to be converted in its own saw mill. 
 
Comparison: Table values of faultless bole length used for inventory and actual faultless 
length of trees measured in logging areas. 
Species DBH 

cm. 
Trees 

measured 
Exploited 

saw timber 
Inventory 

table 
Difference 

% 
Tetraberlinia 50-60 205 14.40 14.40 - 
Tarrietia 50-60 205 14.10 12.20 -13 
 ab. 60 137 15.25 13.60 -11 
Entandrophr. ab. 60 99 20.50 17.80 -13 
Triplochiton 110 112 18.70 17.00 -9 
Lovoa 90 64 18.00 16.50 -8 

 
In this comparison the estimation of the usable bole at the logging site was problematic as the 
log companies were much more liberal than we had been in our inventory. It seems likely that 
with such a liberal classification at the logging site the outturn in the saw mills and its 
profitability would be reduced. On the other hand this comparison showed that the volume 
calculations, which were the main purpose of our reports, are realistic and conservative. 
Thinking only in terms of roundwood for export the final yield would be considerable lower. 
It should be mentioned here, however, that the Liberian forests are mostly not suitable for 
such extensive exploitation 
 
The felled stem up to the crown (i.e. total length less stump = cut length) is, according to our 
investigations, an average of 2-4 m longer than the bole length which is actually delivered to 
the saw mill. Thus because of timber defects a significant part of the felled bole is rejected 
even before sawing in the mill: in detail, for Triplochiton it is 15%, for Tarrietia 23%, for 
Entandrophragma 12%, and for Tetraberlinia (depending on the diameter) 20-34%’. 
According to our rigid inventory rules these allowances would be much higher for the first 3 
species. 
 
Summarizing it is important to know that our inventory data deviate only little from practice, 
and our estimates were always below those of the logging companies. Thus in no case are our 
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volume values to be taken as too optimistic; as a rule they represent the minimum volume of 
saw timber quality which could be expected. 
 
Formfactor and tapering 
The volume calculations for all species which we give in our reports - except for Tetraberlinia 
– rely on a general form factor or taper curve. These factors were calculated mainly from 
volume data, section wise measured of Tarrietia, Gilbertiodendron and Tetraberlinia. These 
measurements were taken at the beginning of the inventory. The form factor was 0.8 for boles 
of 10 m length and 0.69 for those of 20 m length (see graphs 1 and 2). 
 
From these form-factor curves we have calculated a “Preliminary volume table for all 
Liberian Species”. It is valid for boles from 5-25 m lengths and from DBH 40 to 299 cm. It is 
divided into 5 cm diameter classes and 50 cm length classes. For each diameter class the basal 
area (at breast height) is given in sq.m, and for each length class the form factor, i.e. “form 
factor x height” (form height). For the volume calculation of the forests in south-east Liberia 
the faultless volume per tree was calculated with the help of this table. As an exception, the 
volumes for Tetraberlinia were calculated with the form-factor specific for it. In the Appendix 
these volumes per diameter class are set out and as mentioned above the faultless lengths are 
also given. In addition, also the average diameter-distribution of the more frequent trees 
is shown. 
 
From the same material the taper curve was calculated. This gives the stem diameter at 
different heights in relation to the diameter at the reference point (measure point of basal 
area). From this curve the average volumes of the 5m logs 1-6 per diameter class (into which 
the stems were classified during the enumeration) were calculated. For the evaluation of the 
inventories in north west and north Liberia these log volumes were fed as master deck 23 into 
the electronic computer, which then calculated the volumes of the individual stems over 40 
cm DBH (see Report 12). This log-volume table is shown in the Appendix. 
 
It is known that form factors change little with the diameter but on the other hand are very 
dependent on the bole length. There is a noticeable difference depending on whether the form 
factor refers to the total bole length, i.e. the stem up to the crown point or only to the 
merchantable length. In the latter case the form factor f is noticeably higher: 
 

Tetraberlinia f f 
bole length total length merchantable length 

12.50m 0.740 0.764 
15.00m 0.715 0.736 

 
The coefficient of variation here is 3%. If one changes the faultless length, because he is 
concerned only for example, with export timber, the form factor for this merchantable volume 
changes too. The difficulty does not occur if the volume is calculated logwise, by help of a 
taper curve. 
 
In the last years of our inventory work it was possible in the various logging areas at Tappita, 
Bomi Hills and Sinoe to carry out, on a large number of trees of the commonest commercial 
species, further measurements on felled trees to establish specific taper curves. For this the 
volumes were again computed in sections (2.50 m sections). The diameter reference point of 
the tree (DBH or 40 cm above buttresses) was determined on the standing tree before felling 
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in the same way as in the enumeration. These measurements will serve to test the form factors 
and taper curves used in our evaluation of the inventory data. 
 
The results of the form factor calculations are shown in Graph 1, those of the taper curve in 
Graph 2, (together with the standard curves) for Gilbertiodendron, Tetraberlinia, Tarrietia, 
Triplochiton and Lovoa. It should be noted, that the form factor of the different species varies 
relatively little within the length classes. For this, the co-efficient of variation amounts to 3-
9%. 
 
The values for Gilbertiodendron and Tetraberlinia are up to 5% below the standard taper 
curve; on the other hand, those for Triplochiton, Tarrietia and Lovoa are a little higher. These 
tree species have, in contrast to the former two species, buttresses or a swollen base, In these 
the point of measurement is - contrary to those stems with straight boles - above the strongly 
tapered zone i.e. in the cylindrical part of the stem. This explains the higher form factor. 
Lovoa is extremely cylindrical and its taper curve lies about 8% above the standard curve. For 
Triplochiton it is 4% and the values from Tarrietia are very near to the standard curve.  
 
For future inventory work it is recommended that instead of one standard curve three taper 
curves should be used, which include the extremes, so that all the species of Liberia could be 
related to one of these. With the help of the electronic computer such differentiated volume 
calculations can be easily made. 
 
We devoted a considerable amount of time and effort to obtaining an exact as possible basis 
for the calculation of form factors and taper curves. Nevertheless, because of the low 
commercial activity we could not obtain sufficient data for all merchantable species, to enable 
calculation of final results. These basis values must be improved by the forest service in the 
coming years.  
 
The bark thickness: The average bark thicknesses of the individual species can deviate up to 
and over 100% from each other. The thickness of the bark increases with the DBH; for 
example, in Tetraberlinia with DBH 45 cm it is 12 mm, and with DBE 65 cm 16 mm; for 
Triplochiton with DBE 95 cm, 18mm, but with DBE 120 cm 25 mm. 
 
The bark thickness varies with the height: 
 
- in some species the bark in the upper part of the bole is thicker than that of the lower part 

(for Tarrietia it is about 9% thicker at 15 m than at breast height). 
- for many species it is thinner with increasing height; for Gilbertiodendron it is ca. 10% 

thinner at 15 m., and for Triplochiton it is even 20% thinner at 15 m. than at breast height.  
 
A certain loss of precision in the computation of the net volume from the volume over bark 
(as given in the inventory) is unavoidable because of this variable bark thickness. For 
orientation purposes the results of our measurements of the single bark thickness at breast 
height in a few relatively common timber species are given below. 
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Species Number 

of stems 
DBH 
cm. 

Bark at BH 
thickness 

Volume (% of 
total bole volume) 

Tetraberlinia 33 55 13 mm 9% 
Gilbertiodendron 81 55 10 mm 7% 
Tarrietia 28 55 11 mm 8% 
Triplochiton 16 95 18 mm 6.5% 
Triplochiton 25 120 25 mm 9% 
 
In an inventory the diameter over bark is the most exact basic value. In our reports the 
volumes are therefore initially given in cubic metres over bark. In order to calculate the net 
volume we reduced the values by an overall 10%. This allowance is very conservative as it is 
somewhat high for most of the tree species. 
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3 NATURAL CONDITIONS OF LIBERIAN FORESTS 
 
Liberia covers a land area of 111,000 square kilometres. Its borders are the Atlantic in the 
south-west, the Republic of Sierra Leone in the north-west, Guinea in the north and the 
Republic of the Ivory Coast in the south-east. The geographic location of Liberia is between 
4°30’ and 8°30’ northern latitude and 7°30’ and 11°30’ western longitude. For purposes of the 
description of the country Liberia can almost naturally be broken down into the following 
four regions: 
 
- North-west Liberia, from Mano River (the common border with Sierra Leone) to St. Paul 

River. 
- Central Liberia, located between the St. Paul and St. John Rivers. 
- South-east Liberia, east of St. John River to the Cavalla River, which is the border common 

with the Ivory Coast. 
- Northern Liberia, i.e. the area around Mount Nimba up to Ganta. 
 
 
3.1 Land Forms 
 
Liberia is characterized by three chief physiographical features: 
 
- The belt of rolling hills ranging along the entire coast. 
- The dissected table lands follows in central and south-eastern Liberia to the belt of the 

rolling hills. 
- The highlands in north-west and north Liberia. 
 
a. The Belt of Rolling Hills 
It commences a few miles away from the coast, and reaches about 50 miles inward. Over this 
distance the terrain rises from 30’ to 300’. It is undulated terrain with elevation differences of 
30’ to 150’ between hills and the valleys normally occupied by small creeks. In many 
locations the surfaces are broken by steep mountains or even mountain ranges: directly at the 
coast there are the Capes : Mount 300’, Mesurado 150’ and Palmas 30’. Further in the 
interior, in the north-west, for example the Bie Mountains, the Bomi Hills and the Bassa Hills 
in the centre, theCestos Mountains and the Tienpo Range in the south-east. The elevation of 
these mountains is between 300’ and 1500’. 
 
The undulated land does not reach directly to the coast. Rather a narrow strip of flat land is 
located there, known as the coastal plains. In the diluvial age (plei stocene this strip of land 
was covered by the ocean, during which period the valleys were levelled in by sand fillings. 
 
b. In central and south-east Liberia the belt of the rolling hills is followed by a plateau which 
in turn is broken by steep mountains and mountain ranges: the dissected table lands. The 
plateau is slightly undulated and 600’ to 800’ high, while the mountains have an elevation of 
1200’ to about 2000’. In the eastern part of central Liberia the slopes of this plateau are very 
steep; in a rather narrow escarpment zone the terrain rises from about 300’ to 600’. In the 
south-east, however, this transition is gentler, and the steps in terrain elevation are less 
marked. 
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c. The Highlands 
Following the rolling hills in the north-west is a very rough and rugged mountain terrain 
assuming somewhat gentler forms only in the furthest northern region of the country, but 
there, too, it is littered with high mountain peaks. The general level of valleys first rises to 
650’, and in two further steps, in the area of Belle-funai, to 1000’ and to 1600’ to 2000’ north 
of Zorzor. Looming up above this area are several mountain ranges in south-west to north-
east direction: the Kpo, Wologisi and Wangisi ranges. The highest peak in this area is Mount 
Wutivi with an elevation of 4450’. But also between these ranges the terrain is rough and 
rugged, there is an incessant up and down of short and steep mountains, rising 150’ to 600’ 
above the valleys. In Gola Forest, a particularly rough part of the country, there are peaks up 
to an altitude of 2500’. The 1000’ step passes further to the east through Guinea area. It 
reenters north Liberia at Gbedin, north of Ganta. In the massive Mount Nimba the deepest 
valley has an elevation of 1350 feet, the highest peak on the Liberian side - until industrial 
exploitation of iron ores were begun - originally had an elevation of 4500 feet. 
 
Graph 2 represents the varying length relief of north-west and south-east Liberia. The graph 
for north-west Liberia has been published by Voorhoeve (16), the length relief of south-east 
Liberia was surveyed for the road from Greenville-Tchien, which was kindly made available 
by STRABAG-Bau A.G. 
 
 
3.2 On the Climate 
 
The climate of Liberia is considered in detail as it has a much more significant influence on 
the variable composition of the forests than the other ecological factors. 
 
The General Climate of West Africa 
 
The dry and rainy seasons are caused by the dry continental African air mass and the moist 
south equatorial air mass respectively, which replace each other periodically as a result of 
pressure shifts. These pressure differences are caused by the seasonal warming and cooling of 
the air masses on both sides of the equator. At such times the region between the tropics is in 
an unbalanced condition. 
 
When the northern hemisphere cools down in winter North Africa is covered by a broad high 
pressure zone which stretches from the Red Sea to north-west Africa. Prevailing over its 
southern flank is a dry easterly wind coming from over the Sudan, which is much warmer 
than the North African high. These air masses form a thermal low whose centre reaches its 
most southerly point - between 70 and 12° North-at the end of December until the middle of 
January. The northern part of Liberia is thus influenced by these dry air masses. 
 
During this time the influence of the warm moist air mass of the Atlantic is restricted to the 
southern and south-east coastal areas of West Africa. The boundary between the moist 
maritime air mass and the dry continental air mass is known as the Inter Tropical Front (ITF) 
or the Inter Tropical Convergence Zone. The position of this front can best be determined by 
the sudden change in the relative humidity. The movements of the ITF during the year 
produce various effects on the climate of West Africa. 
 
During the winter, from September to January, the ITF recedes towards the south before the 
Sahara high. At this time summer prevails in the southern Atlantic and consequently there 



General Report on National Forest Inventory in Liberia – Technical Report No. 1 23 

German Forestry Mission to Liberia, 1968 

occurs here a zone of low pressure. The southernmost position of the ITF’s line of retreat is 
reached in January and stretches from the Atlantic, through southern Sierra Leone, through 
the northern half of Liberia, leaving the mainland again in Ghana. From the middle or end of 
January onwards the thermal low of the coastal region drifts northwards where it is gradually 
further warmed. It is followed by the maritime air current, i.e. the south-west monsoon. The 
relatively cool air mass of the monsoon pushes towards the ITF and wedges itself under the 
hot continental air. 
 
It should be noted that the advance of the maritime air may initially only be detected by the 
increase in the relative humidity. In the first 2-3 months up to the middle of April 
precipitation occurs only as localized storms. These become very frequent and heavy before 
the onset of the actual rainy season because of the increasing instability of the overlapping 
monsoonal and continental air masses. This period of disturbances is followed by a period of 
more or less heavy precipitation of which the peak occurs between June and September 
according to the geographical location. Its northernmost position reaches the ITF at the end of 
July at about 20o north. A high pressure area of relatively cool maritime air lies over Liberia 
at this time, while the hot low pressure area lies far north in the Sahara, bordered by the ITF. 
 
Furthermore, at this time the southernmost part of West Africa is influenced by a dry 
anticyclone invading from the south, which temporarily interrupts the rainy season (mid-dry 
season). 
 
After this time - which corresponds to the culmination of the summer in the north and the 
winter in the south - the reverse process begins: i.e. the ITF retreats from the north. As a result 
of this the rainfall in West Africa ceases first of all in the north and later also on the coast. 
The change over to the dry season is again marked by storms. After the period of disturbance 
lines has passed over Liberia the dry season begins there between November and the 
beginning of December, depending on the geographical location. 
 
The most important climatic factors (see table 1, maps 1 and 2, graph 3 and 8) 
In view of the geographical position and the topography of Liberia the most important 
climatic factors may be defined as follows: 
- the relative humidity 
- the rainfall on the coast 
- the differing rainfall distribution in the hinterland (amount and frequency) 
- the temperature conditions 
 
The relative humidity in Liberia 
a) The southernmost extreme of the ITF 
The southernmost point of Liberia, Cape Palmas, is the nearest mainland point to the equator 
in all the West African countries up to the Niger delta: The north-westernmost point of 
Liberia, the mouth of the Mano-River, lies 175 miles to the north. The relative proximity of 
the equator to south-east Liberia a compared with north-west Liberia, has significant effects 
on the climate. 
 
The extreme retreat position of the ITF - occurring in December to January - lies further 
inland in south-east Liberia than in the north-west. As far as can be determined from 
meteorological data colletced in the neighbouring countries (Gregory (20) it lies about 100 
miles from the coast in the south-west but only about 50 miles inland in the north-west. This 
means that in the extreme south-east, i.e. in the area of the Grebo National Forest, the moist 
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maritime air mass reaches as far as the northern border, whereas in the north-west it is 
confined to a relatively narrow coastal strip; in the Mano River region the front runs 
approximately through the southern part of the Gola National Forest. 
In this retreat position the ITF does not maintain a fixed line but may shift a little to the north 
or south according to the pressure conditions. Moreover, between the end of December and 
the end of January it is several times penetrated by the dry Harmattan, which then advances 
for a few days towards the coast. For instance on 4th January, 1966, a very strong Harmattan 
was recorded in Monrovia. 100 yards from the coast the relative humidity sank at midday to 
40%, whereas with clear skies under normal monsoonal conditions it does not sink below 
80%. 
 
The Harmattan regularly breaks through to the coast in north-west Liberia and Sierra Leone. 
However, in south-east Liberia we could only detect it in northern districts, especially in the 
area of Ganta - Tappita - Zwedru. To what extent it approaches the coast in this part of the 
country is difficult to establish from the existing records of the meteorological stations. 
However, it can be included from the relatively high minimum temperature for December and 
January that it probably never, or, at the most, seldom reaches the coast. This is 
understandable because, as explained above, the maritime air mass extends here deep into the 
hinterland. Conversely there is no doubt that with increasing distance from the coast the 
Harmattan periods in December and January become longer and more frequent until finally 
the continental air mass becomes predominant. This represents the southernmost position of 
the ITF (see map 2). 
 
Therefore, one must differentiate between the coastal region which is never, or only on a few 
days in the year, influenced by the dry continental air mass, i.e. the zone of constant 
monsoonal airflow and the inland northern regions of the country where the dry continental 
air masses prevail from mid-December to the end of January, i.e. the zone of periodically 
continental airflow. This difference has a profound effect on the vegetation. It largely 
determines the distribution of the Evergreen and the Moist semi-deciduous forests. 
 
b) On the relative humidity north and south of the ITF  
Up till now there have, unfortunately, been no measurements taken on the periodicity of the 
relative humidity for the zone of periodically continental air flow. However, in the zone of 
coastal monsoonal air flow the humidity is measured at several stations. We would like to 
thank Professor Dr. W. Schulze (University of Giessen), for making available to us his 
compilation of data for Bomi Hills (LMC) for 1955-63. Bomi Hills is situated in north-west 
Liberia, 25 miles from the coast and ca. 200 feet above sea level. 
 
At 6.30 hours - sunrise is between 5.45 and 6.15 hours - the humidity during the dry season 
from November to April has a monthly average of 90%, and during the rainy season it may 
reach 94%. 
 
Towards midday (11.30 hours) the relative humidity sinks only to 80% during the rainy 
season from the end of May to the end of September During the following months when there 
is less rainfall and more sunshine it falls to 67% and in February/March, the driest period of 
the year, even to 63%. 
 
16.30 hours - 1 1/2 hours before sunset - the relative humidity has already risen to 5% above 
the day’s minimum. 
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After sunset the humidity rises quickly to over 90%, even in the dry season. At ground level 
the dew-point is reached practically every night. 
 
Similar data to that from Bomi Hills was also collected in the Firestone Research Station in 
Harbel, so that it can be assumed that the periodicity of the humidity found in Bomi Hills is 
largely valid for the whole zone of monsoonal air flow. 
 
North of the ITF arid conditions occur for 2-3 weeks. The midday temperature rises to 92-95° 
F. (32-35° 0.) causing the relative humidity to fall to 35%. We were able to establish this from 
individual measurements during our field work. Because of the strong radiation which occurs 
at night due to the relatively dry atmosphere the night-time temperature falls to 60 and 
occasionally 40° F. (15-5° 0.). 
 
The rainfall (see map 1 and graph 3) 
We were very much endeavored to collect all the rainfall measurements from the various 
stations for critical evaluation. We thank Professor Dr. W. Schulze, University of Giessen, for 
providing data for the Ivory Coast and Guinea. The country’s rainfall is principally brought in 
from the Atlantic by the south-west monsoon. It is exceptionally high on the coast, 175” 
(4,450 mm) with a record of 183” in Monrovia, but it gradually decreases going inland, where 
a few regions have an annual total of only 75”. 
 
However, there is no district in Liberia which, according to the average figures over many 
years, consistently has no rainfall in any particular month. But there are occasional dry 
periods over a few land areas in which there is no rain for 1-2 months. 
 
The rainfall introduced by storms increases gradually from January to April, after which the 
main wet season quickly sets in. 
 
The main rainy season 
The heavy rains set in on the coast about two weeks earlier in the south-east than in the north-
west, i.e. at the beginning of May in Greenville, and the middle of May in Robertsport. They 
are initially of several hours duration and later day-long with few interruptions, and no longer 
accompanied by storms. For both parts of the country the main rainy season begins on the 
coast and moves to the northern parts in the following 3-4 weeks. The annual rainfall, 
therefore, decreases with increasing distance from the coast and in the hinterland from west to 
east. Most of the rain falls between May and September (up to 40” per month), depending 
therefore on the geo graphical location. From the middle of October rainfall decreases very 
rapidly and reaches its minimum in December or January. 
 
The distribution of the rainfall 
As well as the amount of rain, its timing and local distribution varies considerably within 
Liberia. These depend on: 
- the course of the coast 
- the sea-current off the coast 
- the closeness of the equator to south-east Liberia 
- the relief 
 
The effect of the coastal course on the annual rainfall 
The coast of Liberia, apart from its southernmost part, runs in a northwest-southeast diretcion 
and thus lies nearly perpendicular to the southwest monsoon. The maritime air masses are at 
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their densest when they hit the mainland and both the coast and the hinterland therefore 
receive the greatest possible rainfall. On the other hand the north-east aligned coast of the 
Ivory Coast receives much less rainfall as it lies in the rain shadow of Liberia. The coastal 
course in south-east Liberia turns slightly towards the east. This relatively small deviation 
south of Greenville is, alone, sufficient to produce a significant decrease in the annual rainfall 
This decrease is intensified by the mid-dry, which occurs so distinctly only in this part of the 
country. 
 
The annual rainfall along the coast 
Between Sulima (Sierra Leone) and Greenville there are five coastal stations of which four 
have been keeping records for 13-16 years. Buchanan has been operating for only five years. 
During this period the total rainfall varied between 126” and 170” with an average of 154°. 
This period is too short to give a reliable average but it is reason to believe that there is, in 
fact, a real difference between the rainfall here and in the neighbouring stations The average 
rainfalls for the other four locations are very similar to one another, amounting to between 
170” (Robertsport) and 183” (Monrovia) or 4,300-4,650 mm. 
 
Between Sulima in the north-west (176”) and Greenville in the south-east (175”) there is no 
difference. In West Africa only two places receive more rainfall, namely the Regent station 
near Freetown and Mount Cameroon. There is, however, no coastal stretch which receives so 
much rainfall as that between Sulima and Greenville 
 
As mentioned above, only when the coast curves slightly to the east beyond Greenville, the 
rainfall decreases considerably. The annual average in Harper measured over 4-6 years was 
120”. Over a 42 year period the average figure obtained by the Tabou coastal station (Ivory 
Coast) was 90”. However, this station lies in the rain shadow of Cape Palmas and is, 
therefore, not directly comparable with the Liberian coast. On the other hand, the 
measurements taken at Harper correspond with those that were made at a relatively shorter 
distance from the coast and reflect the trend of all the more distant stations on both sides of 
the Cavalla River. They show clearly that the rainfall decreases towards the east. 
 
The Influence of the Guinea Stream on the Rainfall  
The high rainfall on the coast of Liberia would not be possible without this very warm sea 
current. It flows from the west along the coast of Sierra Leone and Liberia. We always found 
temperatures between 800 and 850 F. (27-29° 0.) in the surf at Monrovia; the higher 
temperatures occurring in the rainy season between May and October.  
This warm sea current has two effects on the climate of Liberia: 
- the monsoonal westerlies loosing their rain first over the mainland, and not over the sea as 
would be the case if there were a cold sea current.  
- the temperatures on the mainland during the rainy season are not higher than the water 
temperature and at night they are even be lower. As the maritime air streams across the coast, 
the change from the warm sea surface to the cooler land surface, combined with the rise of the 
land, results in extremely heavy precipitation in the immediate neighbourhood of the coast i.e. 
within a strip probably only 3-5 miles wide. 10 miles away from the coast the rainfall is only 
about 128”, viz, 127” at Goodrich, 128” at Harbel and 127” at AFC. 
 
The Influence of the Relief on the Rainfall (see graph 8) 
The uniform decrease in the rainfall from the coast to the interior of Liberia is disturbed in 
regions with ranges, extensive hills or mountains. Here some areas have increased rainfall and 
others lie in rain shadow. 
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1. In north-west Liberia in contrast to the central and southeast the land rises in several steps 
to about 2000 feet. From the first escarpment-zone onwards (50 miles from the coast, (see 
graph 8)) the land is, very mountainous with heights up to 3000 feet. As a result of the higher 
altitude, in comparison with the much lower and flat landscape of south-east Liberia, the 
annual rainfall decreases more slowly with increasing distance from the coast, viz, the 
hinterland here receives more rain than that in the south-east. 
 
- In north-west Liberia the annual rainfall decreases, for example, from 170” in Robertsport 
only to 109” in Voinjama. This is equivalent to a fall of 39”/100 miles. 
- In south-east Liberia on the other hand, it decreases from 174” in Greenville to 81” in 
Zwedru, which corresponds to a fall of 96”/100 miles, so that here the rainfall falls off 2 1/2 
times as quickly as in the north-west. 
 
2. Because of its high altitude the district around Mount Nimba receives considerably more 
rainfall (125”) than would be expected from its geographical position. This zone of higher 
rainfall begins near Ganta, as here the altitude rises from ca. 700 feet to 1,000 feet and finally 
to 1,300 feet in Yekepa. From this valley- bottom the Nimba mountains then rise to 4,400 feet 
 
3. Most ranges in Liberia run in a north-easterly direction and so facilitate the advance of the 
monsoon towards the north. The Gibi range, however 60 miles north of Monrovia, lies square 
across the path of the monsoon and probably acts as a rain barrier.  Suakoko which lies 
beyond it (75 miles from the coast) has an annual rainfall of only 74” and lies in one of the 
driest parts of the whole of Liberia. Apart from that, this area probably also lies in the rain 
shadow of the mountainous north-west region: as Zorzor 650 feet lower on the eastern edge of 
the zone has only 82” much less than the hilly districts of Zoi and Voinjama. 
 
Rain Storms 
By comparison of the average monthly rainfalls from the various meteorological stations, it 
can be seen that between December and April there is generally more rain in the hinterland 
than in the coast, or at least more in comparison with the annual total. This is caused by the 
thunder storms, which occur at a certain distance south of the ITF, having very great influence 
on the vegetation. Only in December and January rainstorms are everywhere seldom, however 
thereafter they become more and more frequent, occurring initially in the hinterland. They are 
often very locally confined and are in part produced by atmospheric disturbances, mostly 
caused by individual mountains and ranges in the areas where the continental and Atlantic air 
masses overlap. They may cease for several weeks and then recur particularly frequently. 
Sometimes it was possible to follow these disturbances coming from the east and passing 
across the whole country. 
 
Along the coast the rain storms occur less frequently and later, as already mentioned, and the 
rainfall is less than those in adjacent districts of the hinterland. This may be seen by 
comparing the Robertsport Station with Bomi Hills or with Zoi or Voinjama, resp. Greenville 
with Pynetown (Table la, b). 
 
The frequency of the storms depends on how far the monsoonal air flow has advanced into the 
hinterland. As it penetrates at that time further over the continent in the south-east than in the 
north-east, the storms there are heavier and more frequent. Comparison of stations with 
similar annual rainfalls, shows that between February and April those in south-east Liberia 
always have more than those in the north-west (e.g. Pynetown and Bopolu). For the same 
reason in the southernmost part of south-east Liberia - slightly south of the line AFC-Buah-
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Grebo - the disturbances are so frequent, even in December and January, that in many years 
there is practically no real dry season This is probably also true for the Sapo, the southern 
Krahn-Bassa and, to a lesser extent, the Grebo National Forest. During our inventory work we 
also experienced, in the months between January and March, very many thunderstorms which 
occurred mostly in the late afternoon - early evening, but sometimes even around midday. We 
also observed that the storms were very often confined to the large high forest regions and did 
not extend over the extensive low-bush areas lying outside the National Forests. 
 
The Dry Seasons in Liberia 
There are two distinct dry seasons: 
- The main dry season. This occurs to a greater or lesser extent over the whole land between 

November and April 
- The mid-dry season. This occurs only in south-east Liberia. 
 
The meaning of the term “dry season” is very variable. It is defined differently depending on 
the total annual rainfall. From the stand point of plant physiology a monthly rainfall of 5” is 
significant - as far as is known. At about this level evapotranspiration is more than the rainfall 
so that the water-retention can be insufficient for plants. This is especially to be expected 
where the dry season lasts for several months. The arid conditions for the plants are 
intensified in much of the country by the Harmattan which occurs frequently at this time (as 
described above). 
 
The main dry season begins a month earlier in the north and in the northern parts of south-east 
Liberia i.e. in November, than on the coast and in the north-west. 
 
The driest period is from mid-December to mid-February. In this time two areas receive less 
than 1” rainfall per month: 
 
- the relatively narrow strip along the north-west border of the country up to shortly before the 
coast, 
- that part of Liberia north of the line Zwedru-Tappita- Suakoko-Belle Yella. 
 
There are often years in which no rainfall at all occurs in this period. Also, in the coastal strip 
the driest period is not infrequently delayed to February or March. 
 
The greater part of Liberia however receives rain also in the driest periods of at least 1.5” to 
2”; and in southern south-east Liberia even 3-5” per month. 
 
Taking as a dry month one with a maximum rainfall of 5”, the main dry season within Liberia 
may be divided as follows: 
 
In north-west Liberia it lasts for 4 months away from the coast, and 5 months near the coast, 
i.e. from December to March and April respectively. 
 
In Central and Northern Liberia (between Monrovia and Buchanan on the coast and Zorzor 
and Yekepa in the north): on the coast it lasts 4 1/2 months from December to the middle of 
April, and away from the coast 5-5 1/2 months from November to the end of March or mid-
April. 
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In south-east Liberia: The northern part, from Ziatown to Tappita, has a monthly rainfall of 
less than 5” in the 5 1/2 months from November to the middle of April; in this respect this 
district is similar to northern Liberia. The middle region between Pynetown and Gedetarbo: 3 
months - from December to February - during which time it never receives less than a 
monthly rainfall of 2”. 
 
In the coastal region the rainfall is less than 5” only for 1-2 months (January and February), 
although then the average is still at least 3” a month. 
 
The Mid-dry Season 
In July/August when the ITF has reached its northernmost position, south-east Liberia 
experiences a more or less regular good weather period. It is caused by an anti-cyclone 
following the monsoonal air mass from the southern hemisphere and reduces the rainfall 
considerably. This anti-cyclone does not cover the whole of Liberia but only the southern part 
up to about 6°3O’ North (see map 2). 
 
When it reaches this position, normally at about the end of August, it is further displaced by 
the monsoonal air flow and thus very heavy, long lasting rainfall begins again which reaches a 
second maximum in September/October. In the north-west the mid-dry period is detectable 
only in the coastal regions by occasional hourly or daily breaks in the cloud with periods of 
sunshine. This causes the rainfall in Robertsport the decrease from 37” in July to 23” in 
August and to increase again afterwards to 29” in September. In the areas north of 
Robertsport there is no trace of the mid-dry season. 
 
In the southern coastal stations of Monrovia and Buchanan the mid-dry season is already 
more pronounced than in Robertsport even though it can in some years be completely absent 
here. Its influence is already noticeable in Greenville: after a maximum rainfall of 33” in June 
it decreases to 11” and 8” in July and August respectively and rises again only in September 
and October to 27”. Thus, even during the depression the rainfall seen in absolute terms, is 
still very high. Also, this area does not experience a mid-dry period every year and then the 
main rainy season runs uninterrupted from May to October. For this reason the annual rainfall 
varies here from year to year much more than anywhere else: differences of 50% between two 
successive annual totals are not infrequent. The mid-dry season first becomes regular in 
districts east of the line Greenville-Zwedru. The monthly rainfall decreases to 6” and 4” and 
the depression lasts for 2 1/2 months i.e. from July to mid-september. 
 
Temperatures 
The temperature conditions in Liberia are primarily determined by the following factors: 
 
1. The sunshine from clear skies is strongly subdued by a thick haze which increases as the 
dry season progresses. During the Harmattan the land is covered by a low-lying reddish haze 
which originates from the Sahara dust. 
 
During the dry season periods of several hours with clear skies occur frequently on the coast. 
In the hinterland large cumulus clouds form as early as 8-9 o’clock in the morning and 
combined with the vapour haze they severely diminish the effect of the sunshine. 
 
During the main rainy season there is regularly no direct sunshine for several weeks and 
because of this the daily warming is very much reduced. 
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2. The heat-radiation during the night is generally low as the heat is mainly absorbed by the 
high absolute humidity of the air. 
 
However, under the influence of the dry continental air mass the night-time temperature sinks 
noticeably. 
 
3. Because of the proximity to the equator the daily sunshine varies by only about 30 minutes 
over the whole year. This factor remains practically the same for both the insolation and for 
radiation. 
 
4. As reported, slightly cooler air masses are brought from the north by the Harmattan and, 
during the rainy season from the south by the monsoon. 
 
The temperatures in Liberia are generally even, they vary during the day and in the course of 
the year much less than in neighbouring countries. Regional differences exist in two respects: 
 
- between the temperatures on the coast and in the hinterland, 
- between the temperatures in north-west Liberia and south-east Liberia 
 
The average January temperature is 790 F. (26° C.) in the coastal region, and in the inland 
region 750 (24° C.). The average July temperatures are 40 F, (20 O. lower. 
 
The temperature conditions can be better by the monthly maxima and minima. 
 
Data are given from 4 stations in south-east Liberia and from 3 stations in north-west Liberia. 
They cover regions from the coast to the innermost hinterland and altitudes from 15 feet (on 
the coast) to 1,800 feet at Voinjama (see table 2). 
 
As usual, on the coast both in the south-east and the north-west they are much more constant 
than in the interior. There is a characteristic difference, however, between the temperatures of 
the north-west and the south-east: 
 
1. The average yearly minima are generally higher on the coast than in the hinterland. But, 
those in north-west Liberia are sometimes 30-40 F. lower than those in comparable regions in 
the south-east. In south-east Liberia it is 70° F. (Greenville) on the coast and 65° F. at Ganta 
in the hinterland. In north-west Liberia, on the other hand it is only 61° F. in Robertsport 
against 61° F. in Voinjama. 
 
2. The average yearly maxima follow a different trend to the minima: 
- in general it is not so hot on the coast as inland 
- it is warmer on the coast in north-west (880 F.) than in south-east Liberia (85° F). 
Conversely the hinterland is hotter in south-east Liberia, especially the district around Ganta 
(93° F.), than in north-west Liberia where only 90° F. is found in Voinjama which is roughly 
comparable with Ganta. 
 
3 The average monthly minima. During the individual months the average minimum 
temperatures over the whole country deviate only very little (i.e. up to 1-2° F.) from the 
annual figures given above. Only in Ganta does the cool Harmattan significantly reduce the 
monthly minimum viz, to 62° F. In Voinjama, on the other hand, the nights become very cool 
(i.e. 61-62° F.) not only during the Harmattan but also in other months. 
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4. The average monthly maxima. In the interior of northwest Liberia maximum temperatures 
hardly ever exceed 900 F. even after the withdrawal of the Harmattan in March to May. In 
parts of the south-east they rise up to 96° and fall again only during the main rainy season, as 
in the north-west, to 88° F. 
 
The average monthly maximum on the coast is only about 850 F. In the north-west it rises 
during the long dry season to 920 F., but on the south-east coast where the dry season is 
shorter only to about 870 F. 
 
5. The absolute coldest days during the 8-15 years observation time were recorded when 
Harmattan occurred; in Voinjama 400 F. (4.4° C.) and in Ganta 440 F (6.7° C.) 
The absolute highest temperatures, again recorded in Ganta and Voinjama, occurred on a few 
days in February 103° F. (39.3° C.). Such hot days occur also in March with temperatures 
even up to 104° F. - but only in Ganta. In contrast, the coastal temperatures in Greenville 
never exceed 95° F. and in Robertsport 97° F. 
 
The Climatic Regions of Liberia (see map 2) 
An attempt was made to represent the climatic factors in relation to their various regional and 
seasonal occurrences as these have a very significant effect not only on the distribution of tree 
species, but also on future silvicultural management. By combination of the most pronounced 
climatic factors Liberia was divided into climatic zones and climatic regions which are shown 
on map 2 and in table 3 respectively. 
 
The basic division of the country was made in relation to the southernmost position of the 
ITF, viz, into the zone of permanent monsoonal air flow, and the zone of periodical 
continental air flow. Except the east of Liberia the dividing line between these zones 
corresponds with the border between the Evergreen rainforest and Moist semi-deciduous 
forest. 
 
The monsoon zone was divided into sub-zones, namely the coastal belt, with very high 
rainfall, and the humid interior zone. In the latter the annual rainfall and its monthly 
distribution varies very strongly. For the division into climatic regions duration and intensity 
of the main dry season (and the mid-dry) were taken into account, in addition to the total 
rainfall. These were also arranged according to whether they belonged to north-west or south-
east Liberia. 
 
The zone north of the ITF was divided into 3 sub-zones: 
- the highlands of north-west Liberia, 
- the interior plateau in central and east Liberia, 
- the Mount Nimba Highlands. 
 
The sub-division into climatic regions was based on the same criteria as used for the zone 
south of the ITF. The combination of these criteria gave a large number of climatic regions 
which fit together in a mosaic-like pattern. Only differences which were associated with 
distinct changes in the tree vegetation were taken into account. 
 
Climatic trends were always either intensified or weakened (sometimes completely cancelled 
out) by local supervening factors. 
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It is a pecularity of Liberia that the climatic conditions of the country do not extend outside - 
or at least not far outside - its borders. This means that it is only seldom possible to apply the 
conditions of neighbouring countries to forestry in Liberia itself. 
 
 
3.3 Geology and Soils 
 
Geological surveys investigating the entire country systematically are being conducted since 
several years however, the results have not been published yet. The scarce results of recent 
investigations refer to only limited areas - ore and diamond prospection work, city planning 
for Monrovia - and essentially represent the same material as described already by Reed 1951 
in the “Reconnaissance Survey of Liberia” (3). 
 
Liberia forms part of the West-African shield which also includes the neighbouring countries. 
The rock formations are of precambric origin; on the coast dolorite and diorite are common, 
moreover granitic gneisses, gneissic sandstones, schists, and in the north also pegmatite. In 
the coastal belt, moreover, there are maritime sediments from the tertiary (pliocene) or the 
quarternary (pleistocene). Sandyclayey alluvial sediments along the river valleys are of minor 
significance. 
 
According to Reed the soils are mainly latosoles of different colours ranging from a bright 
yellow to a deep red. The texture is mostly of a sandy clay-loam type, mostly in several strata, 
from a very fine to a coarse gravel in a depth of 5” to 20”. The leaf mould is chiefly very thin; 
the top soil of 5-10” contains 3 to 6 per cent of organic matter. The latosoles are very deeply 
weathered to 30 feet and more. Mostly they can be penetrated deeply by roots; in flat sites 
however, they are of gley-type and physiologically shallow. 
 
Latosoles are shallow stony soils. They are located on steep slopes, and often on the upper 
slopes of hills. For these reasons they are more common in the highlands of north-west 
Liberia than in the lowland. 
 
Alluvial soils in the river valleys are mostly very dense clayey sands, physiologically shallow, 
and are the poorest soils of the country. 
 
Generally, the soils of Liberia are acid (ph 3.3 to 4); the anorganic matter has a very low 
exchange capacity despite the high content of clay. The exchange capacity depends mainly on 
the content of organic matter in the soil. For these reasons the recently farmed areas are much 
poorer in nutrients than the soils under old high forests (Cf. Reed). 
 
 
3.4 The Terrain 
 
During enumeration the inclination of the surrounding site was estimated on every sample 
plot, and in the case of doubt it was measured with a clinometer. Inclination was classified in 
four gradient classes: Steep = over 18° Moderate = 9-17°, Gentle = 4-8° and Flat = 0-3°. 
 
In that respect it was assumed that logging operations would encounter no difficulties in the 
gradient classes of “flat” and “gentle”, in the case of “moderate” this would be not easy, while 
on “steep” land it would be difficult and often no longer profitable. 
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Terrain conditions in southeast Liberia are generally favourable for logging. In Grebo and the 
main part of the Krahn-Bassa the “steep” areas per forest part have no higher share than 4 per 
cent. However, here, too, in limited areas up to a size of 50 sq.km. hilly areas were found. In 
the western Krahn-Bassa, however, as well as in the Gbi and the Gio National Forests steep 
and often high hills and ranges with 15 to 30 per cent of the area in the “steep” and 
“moderate” classes noticeably limit the size of loggable areas. These areas were plotted by us 
on the forest maps contained in the special reports. The national forests in the north-west from 
Gola, Lorma to North-Lorma, however, are much rougher in terrain, No less than 13 to 36 per 
cent are of the “steep”, and 14 to 26 per cent of the “moderate” class in that region. 
 
The Rivers 
The rivers originating from the north-east and transversing the country in its entire length are 
the following (from west to east): Mano, Loffa, St. Paul, St. John, Cestos and Cavalla River. 
Between the main rivers there is a very dense network of’ tributaries. With closer proximity 
of the coast, and increase in rainfall, the rivers will widen very rapidly, and the number of 
tributaries also becomes much greater. The differences in water level between the dry and 
rainy season vary by about 15 feet. After violent rains the water level will rise rapidly, and 
drops almost as rapidly, if the rainfall discontinues for one or two days. The river beds are 
shallow, and littered with large boulder barriers and rapids. During the main dry season, 
tremendous boulder fields lie bare, through which the meandering water trickles scarcely. 
Logging by rafts would not be possible on the middle and upper courses of the rivers, the 
lower courses of rivers, in particular of the Cavalla River, however, could be suitable for this 
purpose, if some boulder barriers are removed. 
 
The Swamps 
Certain economically interesting timber species grow in swamps. Besides this, they are 
valuable agricultural land to cultivate rice; on the other hand they form a major obstacle for 
road construction and logging operations. 
 
Only a very few swamp areas are covered with water all the year round. However, a 
substantial portion of the forest area will be flooded during the rainy season, and will remain 
wet, and difficult to cross by motor vehicles, until long after beginning of the dry season. The 
swamps are chiefly located in the narrow, long valleys of the undulated land, mostly only 100 
to 300 feet wide, rarely wider than 1,000 feet. However, in the flats, particularly at the foot of 
mountains and ranges, also some large and. wide-area swamps are formed, wherever drainage 
into creeks and rivers has stagnated. The occurrence of swamps depends on annual 
precipitation, on the terrain, and duration of the rainy season. 
 
The more abundant precipitation, the greater will the proportion of swamps generally be. For 
national planning this knowledge is important. In Grebo with 80” of rain some 6 per cent of 
the area are covered by swamps; in the north Krabn-Bassa with 95” of rain this percentage is 
15; and in the coastal areas of south-east Liberia the proportion of swamps with over 30 per 
cent of the total land surface is the greatest. In the mountainous region, however, in the 
highlands of the north-west in the central and eastern parts of the Gbi Forest, the large 
quantities of rain are drained rapidly into creeks and rivers. It is here that swamp proportions 
are relatively small: in Gbi only 3 per cent of the land are swamps at 80” rainfall, and in 
Kpelle only 6 per cent. In the Gio Forest or in the central Grebo National Forest, on the other 
hand, the water must be drained from the ranges over the wide distance through flat country 
down to the next nearest major river - so that there the proportion of swamps is relatively high 
as compared with annual precipitation (8 per cent). 
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Moreover, the proportion of swamps at identical annual precipitation is higher in areas of long 
rainy seasons, i.e. with a uniform distribution of rainfalls (such, as in the south-east of 
Liberia), than in those areas with a marked dry period, such as in the north-west. 
 

Proportion of Swamps in National Forests 
 
Forest Annual Rainfall 

in inches 
Proportion of Swamps 

in per cent 
Grebo 80 6 
Gio 75 8 
Gbi 85 3 
   
Krahn-Bassa North 95 15 
Krahn-Bassa Central 110 25 
Krahn-Bassa South 120 30 
   
Sapo North 100 16 
Sapo South 110 20 
S. Kpelle 100 6 
Lorma 85 14 
N-Lorma 100 12 
 
 
3.5 The Vegetation Zones 
 
Originally Liberia, with a very few exceptions, belongs to the region of Tropical rain forests. 
For its vegetation, even in areas far from the coast, depends on the monsoon rains, prevailing 
moderate maximum temperatures and, last not least, on the high maritime moisture content of 
the air, which even in northern Liberia is interrupted, only for relatively short periods by 
continental dry air currents. 
 
The Tropical rain forest is also called closed rain forest or Tropical high forest. These terms 
have been coined to express a forest vegetation with very dense stands, with a high closed 
canopy, interrupted by single trees or groups of emergent trees, a forest vegetation with, 
moreover, more or lees dense undergrowth. 
 
However, it is only in terms of these basic features that the forests of Liberia are identical in 
all parts of the country. The most essential factor, tree species composition is subject to great 
differences within the country. It changes, above all, with climatic conditions, as is indicated 
in table 3. 
 
The character of vegetation changes substantially but certainly not incidentally in all those 
areas where the December position of the Intertropical Front (ITF) is assumed to be located in 
Liberia. South of the turning point of the ITF, where - with the exception of occasional 
Harmattan break-throughs-there is always prevailing high air humidity, is the zone of the 
Evergreen rain forest north thereof, in the area which in December and January is dominated 
by dry continental air mass is the location of the Moist semi-deciduous forest. 
 
For these reasons the northern border of the Evergreen rain forest cannot be defined by an 
isohyetel. 
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- In the western north-west Liberia the minimum annual rainfall for the Evergreen rain forest 
is around 110-120” (2800 to 3000 mm.), 
- In north-east Liberia the minimum lies at 80” (2000 mm.). 
 
The limiting line between the two vegetation zones in the south 90 miles off the coast, in 
north-west only about 60 miles away from it. 
 
By nature the Evergreen rain forest reaches down to the coast, and comprises also the 
mangrove forest there. As the coastal areas are preferred locations for human settlements, the 
High forest border has been driven back into the hinterland. Only between River Cess and 
Bafu Bay does it still border the Atlantic for longer stretches. The Evergreen rain forest, for 
these reasons, occurs in a wide range of precipitation, the minimum being less than half as 
that of the maximum, viz, between 8O” and 175” of rainfall. 
 
In the Moist semi-deciduous forest the amplitude is much more narrow: as it is only from a 
maximum of 110” to a minimum of about 70”, reached only beyond the Liberian border. 
 
The Evergreen rain forest reaches from sea level to about 1000 feet, the Moist semi-deciduous 
forest from 800 feet to the highest mountains of Liberia, about 4000 feet. On the steep and 
high ranges and mountains we find the Mountainous forests, a variant of the Moist semi-
deciduous forest. 
 
The Evergreen Rain forest (Climatic Zone 1) 
It consists mainly of tolerant evergreen tree species forming a very dense upper canopy. It is 
typical for Liberia that a number of species of the Caesalpineaceae (a family of the 
Leguminosae) hold an extraordinarily large proportion of the total stand. They are mostly 
bound to the Evergreen rain forest. In the drier region of the north they often disappear, and in 
such cases they can serve as a characteristic feature for a delimitation of these two vegetation 
zones. But even within the Evergreen rain forest distribution patterns are different depending 
on the various climatic conditions prevailing. 
 
Classification of the Evergreen Rain Forest  
It was not a far-fetched thought to base a classification of this large area on the occurrence of 
certain common species, e on Gilbertiodendron or Brachystegia. For this purpose, however, 
further material has to be collected for the time being. In this respect we differentiated only 
one area in the south-east Liberia as a special sub-zone based on a highly characteristic 
species composition. We call this sub-zone wet coastal rain forest, and we distinguish it from 
the other Evergreen rain forest, which we describe as Mixed evergreen rain forest as 
Voorhoeve has done (16). 
 
First Sub-zone: Wet Coastal Rain Forest 
This zone exists only in south-east Liberia. It is possible however, that in former ages, prior to 
the conversion of central Liberia into a heavily farmed land, it had ranged along the coast in a 
narrow belt to Monrovia. This can be assumed from botanical investigations made by Cooper 
and Record 1928/29 near Harbel (1). It can be concluded that this belt has reached even 
further to south-east within the coastal zone to Cape Palmas; this is assumed due to the 
occurrence of Didelotia brevipaniculata in the bordering area of the Ivory Coast. Today this 
form of vegetation will only be encountered along the coast, between the River Cess and 
Greenville, from where it reaches about 40 to 50 miles into the hinterland. This is the climatic 
area 11.3 and 13.1, with a precipitation of between 175” and 110”. Altitude ranges from about 
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30 to 500 feet. The dry period, with a rainfall of less than 5”, does not last for more than three 
months, with even the driest month receiving 2” of rain. The mid-dry does not occur very 
regularly. 
 
In the Wet coastal rain forest the single dominant stands are particularly common and large - 
in contrast to other zones of vegetation of the rain forest. On the other hand, the number of 
species is by far smaller than that in the other zones, and the forest, therefore, offers a much 
more monotonous impression. The main characteristics are abundant stands of Tetraberlinia 
on upland. Limited to this zone is the occurrence of Didelotia brevipaniculata. The swamps 
have a proportion of between 20 to 30 per cent of the area, covered with very dense stands of 
Loesenera kalantha. The species characteristic for the Mixed evergreen rain forest, on the 
other hand, are rare: Gilbertiodendron preussii and Monopetalanthus. Of all Meliaceae only 
Lovoa is found. 
 
Second Sub-zone: Mixed Evergreen Rain Forest 
In north-west Liberia the Mixed evergreen rain forest covers the entire area of the Evergreen 
rain forest from the coast on, i.e. the area with a rainfall of about 175” to 100”. 
The main dry season lasts for about 4 to 5 months, there is no middry, the altitude is between 
30 and 700 feet, and the climatic regions are 12.1 to 12.3. 
In south-east Liberia, on the other hand, it is limited to the dry areas with precipitation 
between 110” and 80”, where the dry season lasts for 3 to 4 months, and the middry is 
marked, although it is less regular in the northern areas. The climatic regions are 13.2 to 13.5. 
 
The most frequent species from north-west to south-east are Gilbertiodendron preussii and 
Monopetalanthus compactus. In contrast to the Wet coastal rain forest, they are very common 
and sometimes dominant. Major patches of Tetraberlinia are found in the moist regions of this 
zone. Generally, however, the forest there consists of a mixture of many species, and single 
dominant stands are rare. The number of species here is double that in the Wet coastal rain 
forest. The canopy is of a much more multistratum nature, and also the number of emergent 
trees is greater. 
 
Mixed evergreen and Moist semi-deciduous forests are intricately interlocked at their meeting 
border line. There appear to be small relief-conditioned climatic differences, which will 
decide over the occurrence of the one or the other type of predominant vegetation. In the 
transitional zone, towards the drier type of vegetation, the number of intolerant species and 
thus also of the economically more important export species, will be found to increase 
considerably: in south-east Liberia in particular Entandrophragma spp., Khaya anthoteca, 
Triplochiton, Dumoria. In north-west Liberia (as in the southeast) occur frequently Terminalia 
ivorensis and T. superba, Lophira, Chlorophora and remarkable species like Pycnanthus, 
Piptadeniastrum, Ceiba and Canarium which - and this is mentioned for the purpose of 
differentiation - will thrive only on formerly farmed areas in the Evergreen rain forest. 
 
Moist Semi-Deciduous Forest (Climatic Zone 2)  
Rainfall in the north-west is 110-80” in the south-east 80-70”, and the dry season lasts for 
about 4 1/2 to 5 1/2 months. The altitude, apart from the very high ranges and mountains in 
the north-west, is 700 feet up to over 2000 feet, while in the south-east it is 800 feet. 
 
The sudden change of climate entails characteristic changes in the tree associations. The most 
striking feature is the disappearance of the following species: Gilbertiodendron, 
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Monopetalanthus comp. (on upland), and of Sacoglottis, Didelotia spp., as well as 
Cassipourea. 
 
Another striking feature is the large number of intolerant species, mostly occurring in 
emergent trees; in many cases they lose their foliage for a more or less major period of time. 
The following species, apart from those that were found also in the transitional zone are 
relatively common: 
Nesogordonia pap., Guibourtia ehie, Daniellia ogea, Erythrophleum guineensis; much more 
common in occurrence than in the Evergreen forest are the following: Distemonanthus, 
Bombax, Puntumia, Combretodendron, Chrysophyllum, Antiaris, Araliopsis; Uapaca 
guineensis is very common, in contrast to U. esculenta, which occurs, primarily, in the 
Evergreen rain forest. Parinari excelsa forms many single dominant stands, dominating in 
wide forest areas. 
 
 
3.6 The Geographical Distribution of Forests in Liberia 
 
3.6.1 The Area Covered by Forests 
 
By nature Liberia would be covered with a closed High forest from the coast up to the highest 
mountains. Only a very few shallow mountainous savannahs on the high ranges are 
exceptions, where bare rocks often break through the surface; another exception would be the 
mangrove forests in the brackish waters of coastal river courses. Today, however, the 
appearance of the forests in the country is determined by the expansion and intensity of 
shifting cultivation, the customary method of agricultural utilization: the forest will be cut 
down, burned and cultivated for two or rarely three years; in the first year hill rice will be 
grown and above all cassava in the second year. Thereafter wild growth will take possession 
again of these areas, and within approximately hundred years High forest vegetation will have 
grown up again. 
 
Generally, however, this development is broken up outside the National Forests by renewed 
farming periods: the rotation periods applied will depend on the population density of the 
area. In the less densely populated regions of the hinterland it is mostly 15 to 25 years. In the 
coastal regions, in the vicinity of the major cities, however, it will only be two to four years. 
Due also to the particularly high precipitation prevailing there the soil degraded, and 
vegetation was devastated to the so called coastal savannah, a grass flora very poor in trees, 
with species combination resembling that of the Guinea savannah (Cf. Thirgood, van 
Dillwyn, Schulze). This vegetation occurs only in minor areas of the furthest north-west and 
north of the country, where it was likewise caused by intensive agricultural utilization. In 
Liberia all the various different forms of transition between farmland and High forest can be 
found. In the more densely populated areas the various regeneration stages and phases have 
covered the land with a checkboard pattern where, as indicated above, bushes rarely become 
older than 25 years. In the less densely populated areas, farming areas and limited lowbush 
areas (regeneration stages) are cut irregularly into the older forests as a wild maze of spots. 
Here, too, mature High forest will be found only rarely, and the various stages of vegetation 
growth are intricately intermingled, and can hardly anywhere be clearly distinguished. 
 
In the National Forest the proportion of high forest is larger, however the regeneration stages 
still account for a considerable area. 
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That the entire proportion of forest in Liberia really is, constitutes a question that can, 
therefore, be answered only after a somewhat more complicated and detailed definition of the 
term “forest” has been given. 
 
Not included in the forest land, obviously, are all populated areas undergoing permanent 
farming rotation, with respective intervals sometimes amounting to up to 80 years. The 
farming intervals in any case are so frequent that the forest can never regenerate up to High 
forest, and that the main portion of the stand - i.e. not individual emergent trees - never grows 
up to exploitable thickness, i.e. DBH of at least 50 cm. The forests do not serve any forest 
production, but are only auxiliary means for the regeneration of the soil serving for 
agricultural production. Minor residual High forest patches, too, are neither included in forest 
land, as due to their small size they cannot be utilized for an economical forest industry. 
 
Forest land, i.e. closed forest, on the other hand, includes all National Forests - excluding the 
few populated enclaves. Here the non-mature stands can be included in the forest land, as in 
future they will no longer be subject to farming, and, therefore, are now in forest production. 
 
Outside the National Forests forest land is taken to include all High forests, where the main 
portion of the stand has exploitable -dimensions (DBH above 50 cm.). Individual areas of 
limited size of more recent growth can be included. 
 
Quality of growing stock and, therefore, exploitability of the stock are not allowed for in this 
definition. Naturally, there are many borderline cases, between the classes of forest and non-
forest land. There is a flowing transition of the regeneration phases between non-forest land 
and the High forest, and there are major regions of farmed areas stocked with valuable export 
woods, viz. in particular in the south-east of old Dumoria, but also with Triplochiton or 
Terminalia sup., and where the stocking is so dense that an exploitation would be 
economically feasible. In the survey (Cf. Table 4) these exploitable areas were evaluated as 
forest land. After exploitation, however, they would of course no longer belong to this 
category, but would be included in the category of farmland. 
 
The results of this survey indicate that 25,000 square kilometres or 6 million acres are Closed 
forest area, which amounts to 22 per cent of the surface area of the country. 
 
Two thirds thereof, or 4 million acres, or 14.5 per cent of the total country, are forest reserves; 
only 2 million acres are unprotected forest. 
 
In Liberia’s south-east more than half of the entire closed forest is located, and with 1.5 
million acres also the major portion of the unprotected forest land. Conversely, in the north-
west of Liberia the major portion of the forest land is already protected as National Forest. 
The remaining 500,000 acres located there and still outside the reserves, are subject to attacks 
by farmers. 
 
In northern Liberia the closed forest is mainly limited to the steepest ranges of the Nimba 
mountains. 
 
In central Liberia there are only residual patches of closed forest, which can be neglected for 
the purpose of a general survey. 
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3.6.2 Distribution of National Forests (Cf. Chart “National Forests of Liberia”). 
 
The most essential criterion for the selection of forest reserves were the High forest areas, 
which were to be areas less disturbed by shifting cultivation, and , if at all possible, absolutely 
unpopulated, and of reasonable size. As boundaries, above all, rivers were to be chosen. Other 
qualitative features, such as composition of timber species, accessibility, relief etc. were not 
allowed for in this definition. 
 
National Forests are of irregular shapes, and of rather different sizes. The smallest is the 
North-Gio National Forest, with 11,800 acres or 47 square kilometres; the largest is the 
Krahn-Bassa National Forest with 1,270,000 acres or 1,500 square kilometres. 
 
The National Forests are chiefly located at the periphery of the country, viz, in the south-east, 
in the north and north-west. On the other hand, already in the days of their establishment no 
forests were to be found any more in central Liberia, as were valuable enough to be protected. 
 
As only the unpopulated forest areas, and other areas that were avoided by people for various 
reasons, were declared National Forests, the distribution of the National Forests reflects the 
population movement in the country, i.e. population density and interior migration of Liberian 
tribes. Settlement of the country in former ages was, above all, controlled by climatic and 
geographical conditions. It is in all likelihood for these reasons that the political borders 
coincide so surprisingly well with the change of climatic and vegetation zones, which become 
more favourable for human life closer to the savannah. The western border of Liberia also 
coincides, moreover, with the change from a rough to a gentler and more easily accessible 
terrain. 
 
Certain areas were preferred by the population in the former ages as they are today: 
 
- The coastal regions around Cape Mount, Monrovia, as well as the area between Greenville 
and. Cape Palmas. Seafaring, fisheries and overseas trade have determined the development 
of higher population densities there. 
 
- The north of Liberia in particular the climatic zone 2, i.e. the Moist semi-deciduous forest. 
The vicinity of the open savannah with its vivid trade, the healthier and more comfortable 
climate (especially the shorter rainy seasons), as well as the greater variety and quantity of 
exploitable vegetation and of domestic animals attracted human settlers particularly to this 
area. This zone of dense population continues in the dry area between Suakoko and Totota 
and from there further to the coast. 
 
In these regions there are no National Forests, except those forests where the unfavourable 
terrain renders human settlement rather difficult. Very small, however, is the population 
density in the moistest region of climatic zone 1, i.e. the Evergreen rain forest, located 
between the population belts near the coast and the savannah. Here the large National Forests 
are remote from the trading trails criss-crossing the country from the north to the south i.e. to 
the coast, and preferring the densely populated areas. The few trails cutting across the large 
National Forests follow likewise this direction. Cross connections from the east to the west, 
however, exist only through very narrow strips of forests that can be transgressed in a few 
hours. 
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It is, moreover, a striking feature of the drier parts of south-east Liberia that the National 
Forests were formed particularly around high ranges difficult to settle (e.g. Gio, Gbi National 
Forest, as well as the western borders of Central Grebo). Likewise the vast unpopulated forest 
complexes in north-west Liberia owe their primeval virginity only to the rough and rugged 
mountain terrain. 
 
Due to the low population density that has remained almost constant in the past, the tribes 
settling in the hinterland, and also in the flat areas easy to farm, left always a considerable 
portion of the land unutilized. However, according to our observations, the area has not been 
untouched all the time, but populated and non-populated areas were changing as time 
proceeded. 
 
Moreover, in former ages a more or less concentrated and point-like settlement in large forest 
blocks had been caused by tribal warfare. For such reasons and until about 40 years ago, the 
population of individual villages, or even entire clans, gave up their settlement areas, and took 
refuge from their enemies in the vast High forest areas. After the unification of the country by 
a central government, such migratory movements were soon to cease. In most cases the 
population again was inclined to move to the more densely populated areas. In our field work 
we found traces of such settlements even in the most remote parts of the forests. In the more 
recently aboundened settlements we found traces of huts, surrounded by more or less wide 
areas of formerly farmed land. The oldest settlements could only be detected by the special 
state of vegetation of the forest land: the former farmland as older regeneration phases of the 
forests; the former villages themselves by a striking predominance of certain tree species, 
such as groups of Ceiba, Triplochiton and Funtumia were found. In the latter we frequently 
also encountered traces of scars that had been cut into the barks of these trees for tapping wild 
rubber. 
 
In the past two decades several highways have been built across the country, linking the 
administrative centres in the individual regions with the capital. These roads were routed from 
the very beginning through the more densely populated areas. They attract even further 
portions of the population from the more remotely located areas, and such create ever new 
settlements along these highways. 
 
The capital of the country, as well as the establishment of several large iron ore and diamond 
mines, have produced a concentration of population in a number of places in hitherto 
unsettled parts of the land (Cf. W. Schulze and Jürgens). Migratory movements within Liberia 
caused by this new infrastructure, industrialization, and by modern large-scale and labour-
intensive plantations have caused major shifts of the population over the country. In many 
parts of the country the trend to use unpopulated areas of National Forests as farmland 
becomes even smaller than in former days; in other regions again, the pressure to occupy the 
forest increases, so that in the long run the National Forests cannot be fully protected and 
retained there; e.g. the Vai Forest and the southern Kpelle National Forest, where iron ore and 
diamond mines were opened recently, and also in the area of Tappita and Zorzor where an 
increased agricultural activity has and is being developed, as well as the National Forests 
around Mount Nimba covering mountains rich in iron ore deposits. 
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4 THE STRUCTURE OF LIBERIAN NATIONAL FORESTS 
 
4.1 The Stratification of Forests: Forest Types 
 
The selection of National Forests by means of aerial photography was based on the criteria 
described initially. With that already a certain stratification was done to the extent apparent 
from the aerial photographs, settled areas and farmland were excluded. The quality of aerial 
photographs however, was insufficient for any detailed interpretation. For this reason it turned 
out to be impossible to declare exclusively Mature high forests as forest reserves. Rather in 
such regions all phases of regeneration from farmland were included there. In order to be able 
to characterize the structure of the forests in more detail, a stratification was made in the 
enumeration as follows. 
 
For this purpose a principal distinction was made between forests in the uplands and on 
swamps. Within these two major groups in particular the following criteria were allowed for: 
 
- Mature high forest 
- Three major regeneration stages after shifting cultivation 
- Forest badly damaged by elephants. 
 
Moreover, also such forest types, as Tetraberlinia-high forest, Mountaineous forest, Natural 
low bush etc. were allocated to a special stratum. 
 
In the following section the most important types of forest are described. They have partly 
been described already in the Code for Inventory Report No. 2). 
 
Within the Closed tropical rain forest we distinguish the following classes of natural forest 
types: 
 
1.  High forest on dry sites 
2.  High forest on permanent and seasonal swamp 
3.  Mountainous high forest 
4.  Natural lowbush. 
 
For the first two forest types we furthermore distinguish whether the structure of human 
influence on the forest is still recognizable or not. Human influence chiefly means shifting 
cultivation. The natural succession of the former farmland into High forest is a development 
which takes a hundred years and more to complete, depending on the type of forest involved. 
During that period several plant associations will succeed one another. Transition is gradual, 
and therefore determination of the particular stages is not easy. The development from 
farmland to High forest can, therefore, be considered in only three broad transition phases: 
 
1. Recently farmed land 
2. Formerly farmed land and 
3. Intermediate forest. 
 
This classification; however, is sufficient for our forestry purposes. It indicates the most 
important phases required for an understanding of the structure of the forest, for an analysis of 
the inventory data and the possible future planning of silviculture and economic utilization. 
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In the central and eastern provinces of Liberia, which have a mostly flat landscape, farms 
consist primarily of flat sites (according to our classification of “flat - gentle” slopes); but 
short steep slopes cut into the land by small rivers are normally included into the farms. 
Above all seasonal swamps, and deep soils on dry sites are preferred; very stony soils will be 
avoided. Steep slopes and the tops of mountains will not be chosen for farming in the eastern 
and southern part of the country. Here the High forest generally remains untouched. However, 
in the hilly West- Province even the steepest slopes will be under rice plantations, Sometimes 
portions of the forest with a large number of trees and, therefore, requiring an extremely high 
amount of labour for clearing, are also spared from farming. This seems to be the case 
especially with Loesenera and Parinari types. Both species grow gregariously, their wood 
contains a high portion of silicic acid, which will blunt cutting tools very much. Besides, very 
often old native witchcraft keeps farmers from cutting those magnificent tree clusters. 
 
In shifting cultivation farms one will always find standards scattered over the area in an 
irregular pattern in groups or single. Normally only trees with high crowns were found to be 
left, which do not cast a large shadow. The standards are of very large size, and hard timber or 
high buttresses, angolensis, Triplochiton scleroxylon and Ceiba pentandra will occur first, 
while in the coastal belt it will generally be Erythrophleum ivorensis and Brachystegia 
leonensis. These trees also tend to grow in little groups under which the lowbush is 
suppressed, so that the first patches are opened in the dense tangle. In a very short time these 
trees will reach considerable height, and diameters of more than 40 centimetres at breast 
height. However, the first closed but low canopy of trees will be formed by species of the 
miscellaneous class. It suppresses the palm- trees and spiny vegetation, and will reduce the 
climbers. When this layer of miscellaneous trees of climbers has completely developed, the 
palms have disappeared and the amount of climbers is considerable diminished, the stratum of 
recently farmed land is past, and the area would now be called Old farmland. 
 
Shifting cultivation soon impoverishes the soil. The successions following after farming are 
poorer in species composition and in timber value, the more devastating farming has been. 
Repeated farming of an area with only short cutting intervals, i.e. less than 20 years, is 
especially disadvantageous for soil fertility. The natural reestablishment of the High forest 
after farming both as regards time as well as the composition of tree species will depend very 
much on the degree of devastation the respective site has suffered. 
 
Remark on the enumeration technique for this stratum: Small patches of High forest 
sometimes left over by the farmers while cutting out the farms, and now surrounded by 
lowbush, also belong to this stratum. 
 
 
“Recently Farmed Land”on Swamps and Periodically Inundates Areas” 
This stratum refers to farmed sites, i.e. swamps throughout the year or at least inundated 
during the rainy season. Characteristic for this stratum is what is known as “elephant” so they 
are not easy to cut. However, there are many exceptions, so one will also encounter trees that 
are relatively easy to cut, but were left standing on the farms. The standards are an important 
indicator for the determination of strata. 
 
The Recently Devastated Land on Dry Areas (Recent Farmland) 
After two to three years of farming the crop is overgrown by various weeds, and already in 
the first year pioneer trees, such as Musanga and Anthocleista will take root. Soon these 
pioneers will cover the entire area, but under the canopy not only the lowbush vegetation can 
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develop, but also the saplings of some of the trees of the future High forest, which with only 
few exceptions are intolerant species, their seeds will be carried by the wind over great 
distances. A characteristic feature of the Recent farmland is its nearly unpenetrable lowbush 
vegetation, in which at first high grass is abundant. But soon bushes, palm-trees and some low 
trees of the miscellaneous class interlinked by a dense tangle of lianas will take over, Single 
or in small groups high trees will be scattered over the area which the farmer left as standards 
when cutting out the farm. These will suffer from severe sunlight, because of sudden 
exposure. Many of them will die, and the surviving ones develop a rough and scaly bark, 
which makes identification difficult for the enumerator. 
 
After ten to fifteen years the dense lowbush will start to open up. Single trees and little groups 
of trees of the miscellaneous class will break through the lowbush, but mostly disappear again 
in the later stage of “Old farmland” and “Intermediate forest”. Apart from them the first trees 
of the “High forest” stratum will appear, originating from the natural regeneration of the 
standards or fast growing intolerant species, their light seeds having been carried by the wind 
from distant places elsewhere. Which of such species will appear first depends on the climatic 
zone concerned. In the drier zone Terminalia superba, Pycnanthus salad” (Merantaceae and 
Zingiberaceae) covering large areas and only replaced by bushes on slightly drier places. 
Elephants frequently visit these locations as they find a lot of food there, and suitable places 
for wallowing. So the elephants render the regeneration of the forest more difficult (elephant 
farms). 
 
Formerly Devastated Land (Old Farmland) 
About 25 to 30 years after the land has been farmed last and the lowbush had come up, 
miscellaneous species will form a first low layer of trees suppressing the impenetrable 
lowbush. Now numerous natural regeneration processes will occur, from the present main 
layer of miscellaneous trees and from the standards left untouched at the time of farming. In 
addition other species will move in, the seed of which had been carried over long distances by 
the wind. The older this stratum becomes, the more bushes and lianas will be replaced by a 
generation of thumb thickness growth. In this undergrowth the seedlings and saplings are 
comparatively open and easily penetrable. If the soil is very impoverished because of repeated 
farming, such development may be delayed for several decades, during which in lower 
heights lianas and bushes still dominate, while the development of closed canopy of trees is 
still impossible. In extreme cases such Old farmland will resemble lowbush (see below). 
 
The tree stratum will become increasingly more differentiated in the following tree classes: 
1) A comparatively low, more or less closed layer of trees composed of badly shaped 
“miscellaneous” species interspersed with climbers. 
2) Over longer intervals singly, or in groups, the standards surviving the period of lowbush 
are still conspicuous. Most of them are very large trees of Chlorophora, Anthonotha, 
Gilbertiodendron, Sacoglottis, Parinari, Nauclea. Their bark indicates former shifting 
cultivation. It is deformed by the heavy sunshine to which it was exposed. It is scaly and 
shows holes, but in any case differs from its normal appearance. The standards have a DBH of 
at least 80 cm., but mostly they are above 100 cm. DBH. with such dimensions the standards 
will be an isolated group in the stand, which has no connection to the classes of smaller 
diameter. Many of the standards will die during this stage of development. Many collapsing 
and rotting trees are typical of this younger old farmland. Later this process will diminish. 
3) The trees which soon found their way up through the lowbush of the recent farmland, 
singly, or in groups, have now reached a DBH of 40 to 50 centimetres. However, trees of this 
diameter class are rare. These trees definitely overgrow the relatively low layer of the 
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miscellaneous species. The composition of these tree species will depend very much on the 
vegetation zone, i.e. mainly or exclusively respectively in the dry zone: Triplochiton, 
Chlorophora, Bombax, Pycnanthus, Ceiba, Terminalia spp., Funtumia; in the Evergreen forest 
mainly Brachystegia, Erythrophleum, Nauclea but also species of the drier zone. 
 
4) An ever greater number of trees of natural regeneration will reach a DBH of 10 to 30 
centimetres and grow into the canopy of crowns of the miscellaneous species and even above 
those. Gradually the strong regeneration trees will form the largest portion of the stand. 
Together with the crowns of the advanced regeneration they then form a second and higher 
layer of trees, however, far from being closed. The most abundant species of this group - 
again depending on the vegetation zone involved - belong to the following genera: 
Uapaca, Calpocalyx, Parinari, Parkia, Diospyros, Samanea, Strnmbosia, Fagara, Sacoglottis, 
Gilbertiodendron, Funtumia, Cola, Lophira, Dialium and Tarrietia, Tetraberlinia. 
 
Old farmland is a stratum whose growing stock is continuously increasing. Exploitation of 
these forests can only be profitable, if a sufficient number of valuable standards can be found 
in them. If not, exploitation has to be postponed for at least fifty years. 
 
The Intermediate Forest 
The appearance of that forest type follows very much the pattern of the High forest. 
Frequently it will be mistaken for High forest. The essential difference, however, is that the 
trees are smaller on the average, than they would be in a stand or normal diameter 
distribution. In the intermediate forest the growing stock will still be increasing. 
 
Most of the standards of the farming period have died meanwhile, the few left are still 
identifiable by their deformed bark. Advance growth from the lowbush has already reached 
diameters of 60 to 70 centimetres. An important difference from the High forest is that major 
trees of these species of more than 70 centimetres diameter are still missing. Moreover, many 
species found in High forest only in large diameters, or at least very rarely in smaller 
diameters, in the intermediate forest are found in strikingly high numbers of smaller trees. 
Such species are rarely found in small diameters of 35 to 50 centimetres in the High forest, 
but occur frequently in the Intermediate forest: Lophira, Canarium, Ceiba, Piptadeniastrum 
and several species of class 1 , depending on the vegetation zone. The majority of trees has a 
diameter of 45 to 60 cm. The age of the Intermediate forest is between sixty and hundred 
years. 
 
High Forest 
As described above we consider the High forest as a type, which, regarding its species 
composition, growing stock, diameter distribution and increment has gained a certain stage of 
maturity. That does not mean to say that such forest did not originally descend from farmland; 
but it must be completely re-established. It need not at all have the same structure as the 
original forest before shifting cultivation. No doubt, severe inroads such as farming will leave 
traces for a very long period. Almost always will charcoal be found in the top soil indicating 
former farming, as it absolutely resists decomposition. 
 
A long time after shifting cultivation certain tree species still remain to indicate the location 
of the original farm areas. They are chiefly species with their main range of ecological 
distribution at the climatic margin of the Evergreen rain forest in the Mixed deciduous forest. 
Without such extreme changes in the structure of the forest on large areas, with all their 
consequences in microclimatic and plant-sociological respects, these trees would very rarely, 
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if ever, occur in the Evergreen rain forest. Mention should be made here of Ceiba pentandra 
which, without shifting cultivation, would never occur in the Closed high forest of the coastal 
belt, excepting, perhaps, in fissured hill forest. A similar case is Piptadeniastrum africanum, 
which sometimes is found generally but usually in the first generation of forest after farming. 
Likewise the abundance of Terminalia superba, Pycnanthus, Canarium, Triplochiton and 
Chlorophora indicates former shifting cultivation. All these tree species are intolerant, with 
regeneration being favoured by farming. In the mature forest these species will nearly 
exclusively occur only in large dimensions, and have little opportunity for regeneration. After 
their death, tolerant species will take their place. The distribution of Tetraberlinia may also be 
favoured by farming. At least Tetraberlinia can be observed to establish itself in old farmland 
areas from their fringes, consequently the mature forest, too, is subject to a slow change in 
structure. The High forest occurs in a multitude of types and various sociological associations; 
their examination and description must be left for future special investigations. For the present 
inventory we had to confine ourselves to the stratification given above. 
 
Tetraberlinia High Forest 
This High forest differs from other types by its high number of trees and high volume of only 
one particular species, viz. Tetraberlinia (single-dominant forest). It can be expected that in 
future this species will gain greater importance for economic utilization. Ecologically, and as 
far as increment and exploitation is concerned, the Tetraberlinia forest represents a distinct 
stratum clearly distinguished from other types of forest. The criteria for the determination of 
Tetraberlinia forests are as follows: 
 
- When determining the Tetraberlinia high forest, not only the particular sample plot must be 
observed, but also the forest type to which it belongs as a whole. Therefore, even if there is no 
Tetraberlinia growing in a plot itself, but in the area around it, the plot must be treated as 
belonging to the Tetraberlinia stratum. 
 
- Old farmland and Intermediate forest, on which Tetraberlinia are found to occur, are 
enumerated as usual. 
 

High Forest along Creek Banks 
A type of forest distinct from other forest types in characteristic way is often found in the 
valleys of wide meandering creeks. 
 
During the dry season the water level of a creek will be at least 5 feet, and frequently 10 feet 
below the surface; but during the rain the site is waterlocked for short periods. The soil 
consists of sandy loam sedimented by the creek, the soil type is a ground-water grey. The 
overflooding water carries a good portion of the valuable humus away, which in many cases 
causes the soil to be poorer than the soil of the surrounding higher forest land. This forest type 
is closely related to natural lowbush (Cf. below). 
 
The trees are badly shaped and mostly short boled. Many of them belong to the species group 
“miscellaneous”. The upper canopy is made up from Cynometra, Monopetalanthus, Uapaca, 
Lophira, Klainedoxa, Tarrietia and Pycnanthus, and is broken and of uneven height. For 
utilization the High forest along creek banks is exceptionally poor. 
 
High Forest Disturbed by Elephants 
Within the large natural forests there are areas in which elephants will preferably stay, and 
which suffer considerable damage from these animals. The number of trees in these forest 
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areas is relatively small, and the canopy of crowns is broken. Frequently little patches of 
lowbush are interspersed, and valuable species are almost completely absent. Larger trees are 
severely damaged by elephants. Regeneration is scarce, and a uniform understory and second 
layer of crowns, as we find them in a normal High forest, are missing. The abundance of 
Sacoglottis, Parinari, Calpocalyx and miscellaneous species is striking. Very numerous are the 
elephant trails, wallow and elephant farms. Unfortunately, the High elephant population 
destroys valuable species and spares trees of little value. The only tree species to survive are 
those which can withstand the continuous damage to their bark fairly well. The fruits of 
Parinari and Sacoglottis are well liked and eaten by elephants. Thus the elephants will 
distribute these species by favouring the germination of their seeds. 
 
The influence of elephants on forest structure is enormous. This is the case particularly in the 
large forests of south-east Liberia, the Grebo, Sapo and Krahn-Bassa. In Grebo wide portions 
of the forest are covered by elephant trails, and at least two thirds of the High forest area are 
of a structure damaged by elephants, while in the Krahn-Bassa in various parts between 10 
and 60 per cent of the total area are damaged by the elephants. 
 
In the north-west region, on the other hand, elephant damage was not found to be of the same 
extent, although there, too, during fieldwork several elephant herds were seen. But it is likely 
that the elephants keep more to the regions outside the National Forests, as the reserves are of 
smaller size there than in the south-east of the country. 
 
The forests impaired by elephants are stocked by about 40 per cent less than the High forests. 
A negative selection was made of the surviving species for the purpose of utilization. 
 
Of the many valuable species such as Entandrophragma, Khaya, Dumoria not only the 
regeneration material, but also the bark of the mature trees is favoured by elephants as 
nutrition. Thereby the trees are strongly diminished in number, and even exterminated from 
wide areas, such as in the Grebo National Forest. 
 
Elephants prefer to stay on deserted farmland, and thus they will prevent the regeneration of 
the forest. This logical connection between formerly farmed land and the presence of elephant 
populations is emergent in the Krahn-Bassa with particular clearness. 
 
Swamps or Periodically Inundated Areas 
Two different kinds of sites belong to this stratum. The first sites are wet throughout the entire 
year, where the soil consists of a high portion of organic matter. On such locations Mitragyna, 
Ricinodendron, Gilbertiodendron splendidum will be found. Also belonging to this stratum 
are sites inundated only during the rainy season, socalled seasonal swamps. During the dry 
season they hardly differ from the higher situated locations, and they may easily be mistaken 
for them. However, in the coastal region Loesenera_kalantha occurs on these sites in great 
abundance, and certainly together with Mitragyna, which is always dominant in the swamps 
of the drier zone; both can be taken as a reliable indicator for this type of site. 
 
Here is a description of the alternation of strata from upland and swamps between 
Tetraberlinia and Loesenera-Mitragyna forest in Krahn-Bassa: 
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Loesenera Mitragyna Stand 
On level ground, the topsoil consists only of sand because the clay is washed out by surface 
water. A few centimetres below the surface sandy loam with patches of grey are found. 
During the dry season the water-table will be 4” to 6” below the surface. The appearance of 
the soil is moist to wet. During the rainy season from June to October or November, the place 
will frequently be waterlocked. There are many narrow ditches cut by the run-off. The site 
offers high nutritive values. If the soil is a clay, there are few worms; in loose soils the worm 
population will be numerous. Loesenera and Mitragyna look vigorous, and the shape of trunks 
is good. Tetraberlinia, Tarrietia and miscellaneous species are found at the transition line to 
the drier areas. The canopy of the crowns is complete. The lower layer of bushes is not as 
dense as in the dry High forest. 
 
Hillock Forest, Stratum “Swamp Without Merchantable Timber” 
Hillocks are small humps of 1O”-15” height with very much humus and slightly loamy, fine 
sand. They are very moist and the worm population is numerous. Obviously, these hillocks 
are only rarely inundated even during the rainy season. 
 
However, the grooves between the hillocks are usually very wet, and sometimes flooded even 
during the dry season. Vegetation: almost no plants are found in the grooves between the 
hillocks, but “elephant salad” occurs at the edges. Species on the hillocks: Uapaca, Loesenera, 
miscellaneous but always feeble and badly formed, their dimension mostly is below 4” 
diameter. 
 
Forest on Slopes of Steep High Hills 
This stratum is only found on high hills and ranges. The slopes of these ranges mostly have 
gradients of more than 250 and carry a very characteristic forest. Its upper canopy is much 
more open and broken, crowns of trees often isolated. Trees have shorter boles than those 
thriving on flat areas. Dominant species are Ceiba, Terminalia, Fagara, Piptadeniastrum and 
other intolerant species, and in drier zones Triplochiton. Towards the plain, this stratum 
gradually changes to a normal high forest, but into a kind of mountainous type of crippled 
forest towards the peak. The understory consists of a few scattered regeneration trees and 
shrubs. Sight distances on Mountain slope forests are much greater than in High forests in the 
lowlands. Mountain slope forests usually are too steep for exploitation, and not accessible for 
logging equipment. 
 
Natural Low Bush 
In the middle of High forest areas, and far away from all human settlements, there are 
sometimes thick lowbush areas not caused by human influences, but by natural conditions and 
typical climatic associations. It will consist of 7-15 feet high thick bush of short-boled, thorny 
palm species, lianas and broad leaved climbers and shrubs. Standing between are very few 
scattered single high trees of light demanding species, such as Terminalia superba, Ceiba and 
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Lophira, the seeds of which are transported by the wind. The lowbush areas are level and 
unproductive because of their soil structure: very compact and wet sandy clay soils, into 
which no roots can penetrate. The roots of the lowbush only live in the less cohesive upper 
centimetres of the soil. They are, however, too shallow to allow normal growth of trees. There 
are a few flat, sandy banks raised 8-15 inches above the surface. Only there the mentioned 
trees will be found to settle. Because the water cannot penetrate into the thick, cohesive and 
homogeneous soil, it will flow off on the surface, washing away most of the humified organic 
matter, thereby contributing to a further impoverishment of the soil. 
 
As regards the proportion of virgin forests, here only assumptions can be made. Presumably it 
is relatively large in the roughest area of the highlands of the north-west, and in the north of 
Liberia. But there, too, it can be assumed to have been preserved only in limited surface areas. 
In the south-east of Liberia, on the other hand, even in the very large forests of Grebo and 
Krahn-Bassa it has been transformed with the exception of a very few relict patches. 
 
The Secondary High Forest on Upland 
As described above, we can only assume with some certainty that there is untouched High 
forest, i.e. virgin forest, in locations where no human population can be logically expected, 
i.e. on steep slopes, on High mountain peaks, and rocky or very stony sites which have soils 
too shallow for farming. 
 
The question, whether or not forest is actually untouched by man, or whether human 
influences occurred so long ago that they can be recognized by the occurrence of certain 
mature species, is of theoretical interest, but of little practical value to our inventory. The 
history of a forest, and particularly the influence of human settlements will have a bearing on 
inventory work only to such an extent that such influence is essential on tree species 
composition, and on growing stock structure. Or, in other words, the forest has not yet 
reached maturity since the last farming period. If, on the other hand, the forest has re-
established its mature stage, it will be called “secondary high forest” in contrast to untouched 
Primary forest or Virgin forest. 
 
It is the most frequent type of forest. However, its proportion in the individual National 
Forests varies rather widely. In the small reserves, both in the flat lands and in the high lands, 
it has been substantially diminished. At the time, the closed forests had been cut out from the 
densely populated farmland, and they are likewise to a high degree of recent secondary 
growth; all that happened was that in the schedule of shifting cultivation they were left 
unfarmed for some time, and for these reasons they are a little older than their environment. 
This also applies to the major forests. Their narrow parts are no less strongly intermingled 
with Old farmland and Intermediate forest. In these areas the proportion of Mature high forest 
will never exceed 40 per cent; in the north and south peaks of Grebo, in the Lorma and in the 
eastern part of the North-Lorma even the entire forest consists of recently and formerly 
farmed land. 
 
The proportion of Mature high forest is much larger in the major solid areas of unpopulated 
land. But even there the disturbance by former farming activity is by no means small. In the 
central Krahn-Bassa, for example, 15 to 25 per cent of the forest area are disturbed by human 
influences. 
 
It is significant for utilization that the High forest is more concentrated to the steep slopes in 
the Mountainous forests, while the more easily accessible valleys are impaired by farming: in 
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the Sapo National Forest (Part 091) 60 percent of the High forest are on slopes of the “steep 
and moderate” class, while on formerly farmed land it is only 28 per cent. 
 
One map is here included from Report No. 7 as reference (Cf. Map 6), showing the 
distribution of areas disturbed and influenced by man, and of those areas disturbed by 
elephants. Moreover, a survey of the proportions of the most important forest types is 
indicated for all National Forests. Apart from the major qualitative differences existing 
between the forest types of one forest area, they are distinct also by volumes. This is shown 
by means of the example of Krahn-Bassa, Part 064, where the total faultless volume of all 
trees above 40 cm. DBH, as well as the two most important species groups in all the various 
forest types are compared. The Mature high forest is used as a reference (= 100). The 
differences are striking, and the figures compiled are self-explanatory. 
 

Volume of the Main Forest Types as Percentage of High Forest 
Volume (Volume of Trees above 40 cm. DBH) 

Forest Type spec. group spec. groups all species 
 1 3 and 4  
High forest 100 100 100 
Elephant-forest 57 50 60 
Recently farmed land 35 8 24 
Formerly farmed land 47 36 51 
Intermediate forest 26 65 60 
Swamps with merchantable timber 40 72 60 
 
 
4.2 Quantitative Description of Growing Stock and Timber Potential 
 
Arithmetic Sample Mean and Minimum Timber Potential 
Growing stock in national forests investigated by our sampling work is described here in 
quantitative terms by the arithmetic mean of the number of trees and the volume of individual 
species and of species groups. The proportion of bark was included in the figures indicated for 
volumes and diameters. This arithmetic sample mean is the result of actual measurements 
made during the inventory work. It comes closest to the true mean and the structure of forests 
can be described most precisely in these terms. These values, however, are not identical with 
the exploitable and industrial useful quantity of timber. However, values in this respect will 
be required for feasibility studies of industrial enterprises. The planning of industrial projects 
must be based on the useful timber quantity of a forest region that can be expected with 
certainty; we must therefore use minimum values in the calculation, while it is accepted that 
the actual value may be considerably higher. In general, the arithmetic mean must be reduced 
by the following factors to obtain the minimum value for industrial planning: 
 
a) The proportion of bark has to be deducted, for which we have generally used a factor of 10 

per cent. 
b) Moreover, we must expect a mostly unknown proportion of inner defects which could not 

be recognized during our inventory work. Some significance may also be attached to the 
proportion of inaccessible trees and losses by felling damage For these three reasons we 
have, in general, reduced the timber potential by another 10 per cent. If, however, the share 
of inaccessible terrain is large - i.e. exceeds 5 per cent of total forest -- the exploitable 
timber must be reduced by this area proportion from the very beginning. 
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c) Last but not least the arithmetic sample mean is subject to an inherent statistical error. The 
maximum possible positive or negative deviation (i.e. the standard error) can be calculated 
from the sample coefficient of variation, and the number of sampling units. For major 
areas, i.e. those with about 50 statistical units, the standard error S% · t of species groups 
was about 10 per cent at t = 2. This possible negative deviation must likewise be deducted 
from the arithmetic sample mean as a safety margin. 

 
The sum of reductions mostly accounts for about 30 per cent. This reduced value is only 
calculated for the volume above cut limit, and is described by us as minimum timber potential 
(MTP). 
 
 
4.3 Growing Stock of Undisturbed High Forest in the Different Vegetation 

Zones 
 
In the previous chapter of this Report the most important forest types were described, as 
classified for this inventory work. In the following part the structure of forest will be 
described in quantitative terms, grouped by species and species groups. At first the most 
important criteria of Liberian forest, viz, the two vegetation zones of Evergreen rain forest 
and of Moist semi-deciduous forest are compared, and the attempt is made to describe the 
natural, i.e. undisturbed state of the forest, as it would be expected to exist in the absence of 
any disturbance by either man or animal. For this purpose the data of the stratum “”High 
forest” will be utilized, with all reservations referring to the original state of the Mature high 
forest as outlined in the preceding chapter 4.1. 
 
It is not only of scientific interest but also greatly important for forest management to know 
the optimal undisturbed state of forests in the vegetation zones. Important original differences 
in their structure are superimposed, and clouded by the disturbance factors of “farming” and 
“elephants”, which, moreover, have effects of different extent in the various forests. Due to 
that the arithmetic mean for an entire forest, as regards the species composition, volume, 
number of trees - etc. , will often deviate considerable from the optimum values for the High 
forest, as will be shown later in this report in detail. 
Only two criteria can be used to compare the High forest in the various vegetation zones and 
subzones: 
 
Number of trees per diameter class and basal area 
Volume, on the other hand, is a subjective value, depending of its utilization. For this reason 
the ratio of basal area to volume is highly different for the various species. 
 
For the comparison a distinction was made between High forest on upland and High forest on 
swamps. For the Sapo National Forest the upland High forest was broken down into the strata 
“with” and “Without” Tetraberlinia. 
 
We indicate the values for all trees over 10 cm. DBH of the following forests: 
 
Krahn-Bassa (part 069), Climatic Region  13.1 
Sapo (part 091), “ “ 13.1/13.2 
Kpelle (part 101), “ “ 12.2 
North Lorma (part 081), “ “ 21.3 
LAMCO Mount Nimba (part 011), “ “ 23. 
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The areas defined belong to those near the coast, as well as to forests located far inside the 
country, viz, from the south-east as from the north-west. Rainfall is between 150” and 80” per 
year. Elevation is between 300 and 2,000 feet. These are arithmetic mean values of sample 
plots that were distributed with statistical precision over forest parts from 300 to 600 sq.km. 
by size. Only for the Nimba Forest, values were taken from a relatively intensive enumeration 
of an area of 22 sq.km. No data can be added for the Grebo and Gio National Forests, as at the 
time of the volume calculation, unfortunately, the highly common “elephant high forest” had 
not yet been distinguished from the undisturbed High forest. 
 
 
4.3.1 The Basal Area of High Forest (see Graph 4) 
 
The basal area per sq.km. of High forest on upland, and of all trees above 10 cm. (4”) DBH in 
all vegetation zones, is around 2,000 sq.m. or 20 square metres per hectare. The values vary 
between the forests by no more than between 18.5 and 22.5 sq.m. This deviation lies within 
the scope of methodological error, already inherent in the definition of strata. The uniformity 
of this volume is an important indicator of the fact that all forests of Liberia belong to the 
category of Closed tropical rain forest, the normal growing stock of which obviously amounts 
to about; 20.sq. metres per hectare. The water factor seems never to be at a minimum in any 
of the forests. For these reasons the more moister locations, i.e swamps, have no bigger basal 
area than the upland forests. On the contrary, they very often have a much lower stocking 
figure, because the. soil is partly too wet for uniformly dense growth. The basal area of High 
forests on swamps is between 13 and 19 sq. metres P per hectare. 
 
Mention should be made that in contrast to this after farming the forest, depending on its age, 
has a basal area which is lower than that of the High forest. In the Intermediate forest a basal 
area of 20 sq metres per hectare will be reached. This type of forest differs from the High 
forest only by the higher proportion of smaller diameter classes. 
The forest “disturbed by elephants”, according to our enumeration, with 25 to 40 per cent lies 
below the values of a comparable, undisturbed High forest. A lower basal area will be found 
also for the few mountainous forests on steep shallow slopes, where in extreme cases only 
stocks of atrophied, shrub-like trees will be found. 
 
Only in basal area will the two vegetation zones be found to be identical, while as regards the 
other features of stand, Evergreen forest and Moist semi-deciduous forest are markedly 
different in the following terms: 
 
- In total number of trees above 10 centimetres 
- In diameter distribution 
- In proportion of’ species groups in total growing stock 
- In species composition. 
 
 
4.3.2 Number of Trees of Total Forest and per Species Group in Undisturbed High 

Forest 

4.321 Total Number of Trees (Graph 4 and 5) 
 
This number is higher in the moist zone than in the drier zone: i.e. on an average l8 - 20,000 
trees per sq.km. as compared with 15 - 16,000. The difference is above all due to the denser 
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layer of small trees (reduction) of the diameter range between 10 and 40 cm. In Krahn-Bassa 
and Kpelle it is higher by 50 per cent than in the north, while in Sapo it is higher by 25 per 
cent. The number of trees exceeding 40 cm. DBH in the five forests is between 5 and 6,000 
per sq.km. In North Lorma, on the other hand, this figure is only 4,200. Graph 5 demonstrates 
that in the areas remote from the coast (Mount Nimba) trees will grow to thicker diameters 
than in the coastal forests. Only in the range of smaller diameters up to DBH 65 cm. will the 
rain forest have more numerous trees; from the intersection of the two curves, however, it 
appears that the Moist semi-deciduous forest is in this category. This difference becomes all 
the more marked in terms of basal area distribution, likewise shown in Graph 5. 
 
The curves are not uniform in the two graphs but show a breakpoint at around 35 and 55 cm. 
The reduction in the number of trees in this area can be found in many forests, and is due to 
the different growth rhythm of the various species. 

4.322 The Number of Trees per Species Group in High Forest on Upland and on Swamps 
 
An example for the distribution of the absolute number of trees per sq.km. amongst species 
groups is shown in Graph 6 for two each of High forests on upland from the north-west and 
south-east, and one for a forest on swamps. Also in this respect Evergreen forests and Moist 
semi-deciduous forests were compared. The columns are broken down by the proportion of 
reproduction (10 - 40 cm.), and that of mature trees of 40 - 60 cm., and above 60 cm. DBH. 
 
High Forest on Upland 
The large number of trees of species group 7 (Miscellaneous) is common to all forests. In the 
Evergreen rain forest there are more than 10,000 trees per sq.km., and in the Moist semi-
deciduous forest about 7,000 per sq.km. However, only 10 per cent are of a diameter 
exceeding 40 cm. Of the small diameter trees of this group the major portion, by nature, 
belongs to understorey, they are mature without ever growing to dimensions exceeding 40 
cm. 
 
After the miscellaneous group in the Evergreen rain forest, species group 3/4 (timber for local 
consumption) is the most frequent: in the moist south-east it was found to have 7,000 trees, 
but in the dry evergreen in the north-west already only 4,000. In the Moist semi-deciduous 
forest, however, this type of trees is only half as numerous. 
 
The trees of the other species groups in the forest of the south-east and close to the coast are 
less numerous than in the other forests. 
 
Graph 6 further indicated that reproduction in nearly all species groups accounts for a major 
proportion in the total number of trees, mostly higher than the number of mature trees. This 
ratio is reduced to the extent that the proportion of intolerant species grows. This is the case 
with increasing distance from the coast, and approaching the semi-deciduous forest, as 
outlined above. 
 
The striking quantitative changes in the proportion of the various species groups in going 
from one vegetation zone to the other will always depend on a few species: 
 
- In species group 1 (1,500-3,000 trees per sq.km. above 10 cm.) with the frequency of 
Tarrietia - 
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- In species group 2 (100 to 1,000 trees) with the appearance of Pycnanthus and Canarium in 
the drier areas. 
- In species group 3/4 (1,000 to 8,000 trees) initially with the change from Tetraberlinia to 
Gilbertiodendron. With the transition to the Moist semi-deciduous forest, the tolerant species 
will be replaced by intolerant species such as Funtunia and Chrysophyllum, which cannot, 
however, offset the disappearance of those tolerant mass species. 
- In species group 5 (500 to 1,000 trees) all species occur mainly in major clusters: Cynometra 
and. Oldfieldia in the Evergreen forest, Lophira in the transition zone and Piptadeniastrum in 
the north. 
- In species group 6 (200 to 3,000 trees) with the appearance of Uapaca, Monopetalanthus, 
Dialium, .Anthonotha and Parinari. The latter tree is already dominant in the North evergreen 
forest and particularly in the Semi-deciduous forest in certain areas of the north-west and. 
north. 
 
High Forests on Swamps 
As was outlined earlier, the total number of trees is smaller in the swamps than in the High 
forests on upland. Another significant factor is that the number of species, too, is much 
smaller. Only about 2 or 3 of them are common or abundant, and of these only one species 
will be dominant in each given case. This species is Loesenera (species group 3/4) in the 
coastal region, and Mitragyna (species group 2) in the more central parts of the country and in 
eastern South-East Liberia. Of species group 1 only Tarrietia can be found in the swamps of 
all vegetation zones in any major number. The group of miscellaneous species in this area is 
significantly only half that on upland. 
 
4.3.3 The Faultless Volume of Trees above 40 cm. DBH in High Forests 
 
The volumes of species groups 1-7 in terms of cubic metres per sq.km. are shown in graph 7, 
separated by trees of DBH 40-60 and above 60 cm. As indicated above, the basal area of the 
High forest is nearly the same in all forest regions of Liberia. This, however, does not refer at 
all to volume. Reference was made in that respect only to trees over 40 cm. DBH. For only 
these trees are of interest for practical work; but even if the volume of trees with smaller 
diameters were included in this comparison, the differences between the forest areas would 
not be smaller. 
The total volume of the High forest on upland is between 10,200 cu.m. (Kpelle National 
Forest) and 14,600 cu.m. per sq.km. (Krahn-Bassa and Sapo). The volume in the Moist semi- 
deciduous forest of the Nimba region is nearly as high as the coast in Krahn-Bassa; on the 
other hand, it is much higher than in Kpelle and the North-Lorma forests. The reason for these 
regional differences is the fact that volume is determined only to a certain degree by basal 
area, but is also substantially influenced by species composition. For total bole length, and 
even more faultless length, are different for the various species. An important contribution to 
the different results, naturally, is only accounted for by the frequent species: 
 
Species Faultless bole length 

(at DBH 60 cm.) 
Volume at DBH 
60 cm. in cu.m. 

Calpocalyx  9.0 m  2.00 
Gilbertiodendron  10.0 m  2.20 
Tarrietia  12.5 m  2.80 
Tetraberlinia  14.1 m  3.00 
Lophira  14.3 m  3.10 
Terminalia superba  17.5 m  3.60 
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From the comparison of the tree volumes it is clear why the wide Tetraberlinia areas in the 
south-east (central and southern Krahn-Bassa as well as in the Sapo National Forest) with 
identical basal area are much richer in mass than the Gilbertiodendron stocks north of it (zone 
of Gola-Kpelle- Gbi up to central Grebo) which are also poorer in tree mass than the Moist 
semi-deciduous forest, with a particularly dense stock of Tarrietia, Terminalia and other 
species of relatively large bole length (see also Appendix). 
 
The volume of trees above 60 cm. DBH in all forests accounts for about 60 per cent of the 
volume of all mature trees (viz, above 40 cm. DBH), and ranges between 5,500 and 9,000 
cu.m. per sq.km. It is concentrated to the species groups 1 to 5, while groups 6 and 7 are 
almost wholly absent from the major diameter classes (graph 7). 
 
The major qualitative differences in growing stock between the vegetation zones become 
more emergent in the volume proportion of species group 1 as well as group 3/4 than from a 
description of the number of trees. With 2,500 to 3,500 cu.m. species group 1 is the most 
important of all in the Moist semi-deciduous forest, while in the Evergreen forest with only 
1,500 cu.m. the same group ranks only second. Conversely, the ratio in species group 3/4 is as 
follows: 
 
Timber for local consumption in coastal proximity as accounted for by /-9,000 cu.m., while in 
the drier north of the country it is only of subordinate significance. 
 
This shift in signification between the two species groups is the essential difference in 
utilization of the forests of the two vegetation zones. 
 
The concentration of volume on species groups 2 and 3/4 respectively in the High forest on 
swamps is due to the rather one-sided species composition, explained above on the discussion 
of tree numbers. 
 
 
4.4 Average Growing Stock in National Forests - Selection of Timber Areas 
 
In the past only the structure of undisturbed High forest stands were represented. The mean 
values for national forests, i.e. under inclusion of all forest types, as was to be expected, are 
considerable below the optimum values as measured in the Mature high forest on upland. 
Farming damage and damage caused by elephants, very wet swamps poor in trees etc. will 
reduce the stock of mature trees in most national forests by 15 to 25 per cent, and in the 
forests disturbed most, such as in North Lorma and North Gio, growing stock will be reduced 
even further. 
 
According to the diameter differences of the various species groups, and according to the 
occurrence of the types of timber important under utilization aspects, the country has been 
subdivided into seven timber areas, and the national forests categorized accordingly, as 
outlined in the following tables. The timber areas so selected sum up most different forest 
structures mainly changing with climatic regions; the purpose was to lump together major 
units that are easy to survey. They are shown in map 15. This map gives a clear survey of the 
location of areas of closed forest with a total of 2,500 sq.km. (or about 6 million acres) in 
Liberia. Within the Evergreen rain forest the Tetraberlinia forests of the zone near the coast in 
the south-east (E 1) are different from those in the north-west (W 1), and the two again differ 
from conditions in the inner forest belt (E2 + W2), above all characterized by a higher number 
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of saw timber species. In the Moist semi-deciduous forest the forests in the south-east (E3) 
basically differ in composition from those in the north-west (W3), while the forests in the 
north in the Nimba Area (N3) have an intermediate position. 
 
The timber areas can be characterized as follows:  
 
El and W1: Tetraberlinia Zone 
Main utilization is that of Tetraberlinia, which is used as saw timber in the north-west, and for 
industrial plywood and secondary timber industries in the south-east. Apart from that there are 
considerable stocks of Tarrietia, Lovoa and, in certain areas, also of Brachystegia, Didelotia 
idae and Did. brevipaniculata. 
 
E2 and W2: Mixed Saw Timber 
Moreover, there is round wood for exports in somewhat limited quantities. Emphasis of 
utilization is on Tarrietia, as well as on smaller quantities of Tetraberlinia, Didelotia idae and 
other species of groups 2 to 4. 
 
E3 : Export Timber as well as Core Veneer and Saw Timber  
Utilization mainly is of Entandrophragma, Triplochiton, Tarrietia, Dumoria and Core Veneer 
timber. Moreover, valuable saw timber, such as Did. idae (in E3), Berlinia, Nauclea can be 
used. 
 
W3 and N3: Export Timber, Core Veneer and Saw Timber  
The main species are Tarrietia, Terminalia ivorensis, Terminalia superba and Chlorophora. 
 
The following table indicates the proportions of species groups in total volume viz, calculated 
as a mean of national forests in individual timber areas: characteristic for species group 1 in 
south-east is the increase from the coast to the north from 10 to 18 per cent, from 8 to 20 per 
cent in north-west, with a maximum of 25 per cent in the Nimba region. The reverse is the 
case for saw timber (species groups 3/4): On the coast between one third and one half of the 
volume consists of species of this group, while this figure goes down to 15 per cent in the 
Moist semi-deciduous forest. 
 
The non-marketable proportion is between 20 and 40 per cent, on an average one third of the 
mature growing stock. 
 
The Species Group in Percentage of Total Volume above 40 cm. DBH 
 

Species Group Timber Area 
1 2 3-4 5 6 7 

South-East-E 1 10 5 50 15 8 12 
 2 12 5 35 15 13 20 
 3 18 12 15 20 20 15 
        
North-West-W 1 8 12 35 10 10 25 
 2 12 3 35 20 18 12 
 3 20 5 15 20 25 15 
        
North  N 3 25 5 15 20 25 10 
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Table 6a and b gives supplementary information on the national forests, indicating on one or 
two representative forest parts the number of trees and faultless volume of all mature trees 
(i.e. above 40 cm. DBH) per sq.km. and per species group 
 
To explain the situation further, a survey is given of species composition in the various 
national forests; in that respect the most frequent species are given in Table 7, broken down 
by species groups. Abbreviations of species names used are defined in the List of Species (Cf. 
Appendix). Based on this list, the differences of timber zones are clearly emergent. 
 
 
4.5 The Elements of Timber Potential in Liberian Forests 
 
The most important species and species groups to be held decisive for the utilization of 
Liberian forests will be discussed initially, before the timber potential of individual national 
forests is dealt with. 
 
 
4.5.1 Tarrietia utilis 
 
It is most surprising that this tree occurs in all forests of Liberia, from the coast to the extreme 
north, and nearly always is the most common tree of species group 1. According to the World 
Forestry Atlas of 1964 (Cf. Sheet: “West Africa”), the area of occurrence of Tarrietia in the 
Ivory Coast is the coastal region and in the east (Sassandra area) up to Danané in the north, 
i.e. up to the Mount Nimba region. In the north thereof the tree appears no longer to occur - a 
kind of climatic borderline seems to be located there - however, it will be found west of 
Liberia, where it is very common in the Gola region of Sierra Leone. The latter information 
can be gathered from invent data which we have been kindly given by the Forest Service of 
the Republic of Sierra Leone whose support we should like to recognize here with great 
appreciation. 
 
In Liberia the optimum of occurrence is in the north and north-west of the country, viz, in 
timber areas W+N3 (climatic regions 21. and 23.). In the direction of the coast the frequency 
of occurrence of Tarrietia declines only slightly, however, it clearly diminishes towards east 
in the region around the Gio and Grebo National Forests (climatic regions 22. and 13.5). 
Compared with other export timber and number of trees is still the most frequent species 
there, but no longer by volume and is not as evenly distributed as in other forests. While in 
those regions Entandrophragma, Triplochiton and Terminalia superba are particularly 
frequent, Tarrietia will be found rarely even from major areas. 
 
The following table compares the number of trees and the volume of Tarrietia in the various 
national forests in terms of sq.km. per undisturbed High forest. 
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Occurrence of Tarrietia in the National Forests 
Number of Trees and Volume above 40 cm. DBH per sq.km 
Only undisturbed (mature) High forest on upland. 
 

Proportion of trees above 60 
cm. DBH in 

 
 
Forest 

Timber 
Area 

No. of trees 
per sq.km. 

Volume 
cu.m. per 

sq.km No. of trees Volume 
Grebo E3 200 470 30 53 
Gbi-North E2 370 760 26 50 
Sapo-East* E1 430 810 17 45 
Krahn-B-South E1 530 1260 36 57 
Krahn-B-North E2 560 1420 34 56 
Kpelle-South W2 700 1400 30 53 
North-Lorma W3 670 2080 43 67 
Nimba-Forest N3 710 1920 41 64 
 
* Sapo: Stratum “High forest without Tetraberlinia” 
 
The number of trees over 40 cm. DBH increases from 200 in the east, to over 700 in the 
north-west. In the areas between, the values for the number of trees are between these two 
figures. The volumes per sq.km. range from 500 to 2,000 cu.m. The table also indicates the 
proportion of thicker trees, with DBH exceeding 60 cm. This makes it clear that Tarrietia has 
its optimum there also in terms of a higher proportion of large diameter trees, than on the 
coast or in the east. As regards volume, this is of particularly great effect: the proportion of 
thicker trees increases from 45 to 65 per cent. However, even there Tarrietia will rarely ever 
grow beyond a diameter of 100 cm. (see Appendix). The tree grows, above all, on all soils, 
from the swamp to the stony caps of hills. Apart from Mitragyna and Loesenera it is the main 
species in the swamps. It is as frequent there as it is on upland , and in the dry Grebo forest it 
is even more common: viz. 600 as compared with 200 trees above 40 cm. DBH per sq.km. 
 
Trees growing in swamps, however, are often of a lesser diameter than those growing on 
upland. Seventysix per cent of swamp trees in the Nimba forest have a diameter between 4O 
and 60 cm. as compared with 50 per cent on upland. Tarrietia is a tolerant species with a 
major reproduction rate: the number of trees of 10-40 cm. DBH is between 800 and 1,500 per 
sq.km. In comparison, the number of trees per diameter class exceeding 10 cm. DBH is 
indicated here, viz, for the undisturbed High forest of Sapo (part 091) and for the Nimba 
forest. 
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Diameter Distribution of Tarrietia in High Forest on Upland of East-Sapo and Nimba Forest 
 

No. of trees per sq.km. 
 
Diam. Class cm. DBH Sapo* (E1) Nimba Forest (N3) 
15 560 400 
25 240 220 
35 110 250 
45 130 220 
55 170 190 
65 50 170 
75 10 90 
85 - 30 
95 - 10 
Total 1270 1580 

*Sapo  = Stratum “Tetraberlinia high forest” 

 
Tarrietia is a tree of the upper canopy. Its total bole length is 20 m. on an average, however, 
the trees often deviate from straight growth, due to which the average useful length is reduced 
to 13 metres. This figure excludes about 12 per cent of the trees which were rejected entirely 
due to the bad growth shape of their trunks. 
 
The cut limit for round timber exports was taken to be 65 cm. DBH: however, we recommend 
a cut limit of 50 cm. for cutting in local saw mills. Under these circumstances the exploitable 
quantity could be doubled. This recommendation can be regarded as a thoroughly realistic 
one. In the saw timber areas the timber of all frequent species is generally of a smaller 
diameter so that the utilization of Tarrietia from the very beginning can be fixed to a diameter 
of 50 cm. DBH. Tarrietia is a very good saw timber it is both decorative and highly suitable 
for external work. It can be processed easily and has only a minor proportion of decay and 
inner defects. 
 
 
4.5.2 The Other Export Species of Group 1 
 
As mentioned elsewhere, these species are not very common in Liberia. Dunoria heckeli, 
Khaya anthotheca, Triplochiton and the species of Entandrophragma genus are limited to the 
south-east of Liberia, far remote from the coast, and to a more limited extent to the north of 
the country. These are the timber areas E3 and N3 and the climatic regions 22.2, 13.4 and 23. 
These species are very rare in all other timber zones, also in those of the Moist semi-
deciduous forest in the north-west of Liberia (W3). 
 
Only in Gio and Grebo and, moreover, in the Nimba forests are there any economically 
significant quantities of these species in the national forests. Far greater, however, is their 
occurrence outside the reserves in E3 (Cf. Map 10). 
 
The species of Entandrophragma is of relatively uniform distribution in timber area E3, where 
it can be found everywhere. Its concentration, however, fluctuates even in the richer 
compartments between 200 and 450 cu.m. above cut limit (80 cm. DBH), which is equivalent 
to 20 to 40 trees per sq.km. 
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Dumoria heckeli remains below 200 cu.m. (DBH 90 cm.) even in the richest compartments of 
Grebo; in general, it is even below 100 cu.m. per sq.km. Only in the north of Grebo was it 
found with substantial quantities on a major area. Outside the forest reserves, however, the 
tree was encountered more frequently. One reason for this seems certainly to be that the bark 
of this tree is preferred by elephants. Thereafter the tree will die due to subsequent fungi 
infection. As there are by far more elephants inside the national forests than outside, and as 
elephants- in the High forests live more off barks of trees than on farmland, it is easy to 
understand why more Dumoria will be found to occur there than in the reserves. In the region 
between the Putu range and the Grebo forest we found, for example, a surprisingly large 
number of major-diameter Dumoria trees on farmland and in the High forest residues. With 
closer approach to the national forest and an increase in elephant population, the number of 
these trees will clearly diminish. 
 
Triplochiton grows only in patches and almost exclusively on former farmland. In the national 
forests the occurrence of this tree is highly irregular. Major stocks of it have been encountered 
by us only in the east of Gio and in the east of Grebo. In the latter we found it on an area of 
200 sq.km., at a rate of over 600 cu.m. per sq (above 80 cm. DBH). Abundant patches of this 
tree were found outside the forest reserves, however, all of them within timber area E3. This 
area has, consequently, been already fully occupied by logging companies, as appears from 
Map 10. 
 
Chlorophora regia is rare in Grebo. It is more frequent in the northern forests, in the Gio and, 
above all, the Nimba regions (N3), where its optimum seems to be located; but it likewise 
occurs in the north-west of Liberia, i.e. timber area W3. 
 
The distribution of Terminalia ivorensis is very similar to that of Chlorophora: in the east the 
tree is rare, while in the north and north-west, with approximately 150 to 250 cu.m., it is not 
insignificant. 
 
Terminalia superba occurs in both zones (E and W3) with uniform frequency, viz. 50 to 150 
cu.m. above 70 cm. DBH, concentrated on thinned out forest land or former farmland, often 
thriving jointly with Triplochiton. The timber of Terminalia superba, at least in south-eastern 
Liberia, is reduced in value due to a diffuse dark discolouring of the core. Further 
investigations on this subject are highly recommendable. 
 
 
4.5.3 Core Veneer Timber (cf. Rep. No. 8) 
 
A special report entitled “Core Veneer Timber in South-east Liberia” has been prepared on 
this timber species, as it occurs in particular in south-eastern Liberia in sufficient quantities 
for industrial utilization. The following species are involved: 
 
Antiaris welwitschii 
Bombax spp. 
Ceiba pentandra. 
Daniellia ogea et thurifera 
Mitragyna ciliata 
Pycnanthus angolensis 
Terminalia superba 
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All 8 species are well known as good peeling wood for the production of core veneers. But, 
apart from this there is no other industrial utilization for this timber. 
 
Since it occurs only in the remote parts of south-east Liberia overseas transport of roundwood 
becomes too expensive, particularly as river logging to port is impossible. A conversion to 
veneer therefore seems only be possible if a veneer factory is established in south-east 
Liberia. Moreover, core veneer timber can only be utilized in concession areas, which are 
exploited at any rate, so that the price for core veneer timber would not be significantly 
burdened by costs for road construction etc. The exploitation of export timber and CVT, for 
these reasons would have to be synchronized. 
 
As a basis for our calculations of timber potential we have used a highly conservative quality 
standard: minimum diameter 60 cm. DBH, maximum 150 cm.; usable bole length 10 m. (33 
feet); reduction each for bark and inner defects 10%. This then allows for an excellent 
exportable quality. 
 
In calculating the timber potential, we have limited our work not only to the national forests, 
but have broadened the calculation to include the concession areas outside the reserves Partly 
we could use enumeration data, partly we had to confine our work to reasonable estimates. In 
total some 14,000 sq.km. were included in our study. 
 
For every forest part and every concession area respectively the number of trees and the 
volume is shown per species. The results are compiled in Map 10. 
 
The core veneer species are exclusively intolerant species, and therefore of rarer occurrence in 
the Evergreen forest (timber area E1+2), than in the Moist semi-deciduous forest (timber area 
E3). Often they amount to only 100 to 300 cu.m. In E3, however, stocks were found to be 
always above 500 cu.m. per sq.km. The example of Grebo has demonstrated how much the 
concentration of core veneer timber will vary within such forest areas (Cf. Map 11) viz, 
between 300 and 1,000 cu.m. per sq.km. 
 
Our analysis of these data has led to the following results: 
 
1) Core veneer timber in timber areas E1+2 is so insignificant that it can be utilized only as a 
secondary raw material for the production of plywood from Tetraberlinia (Cf. below). 
 
2) In area E3, on the other hand, the minimum timber potential is at least 2 million cu.m. 
under bark. This volume is so great that by rational methods sufficient round timber for 2 
veneer mills of 40,000 cu.m. annual capacity each, and for at least 20 years - the optimum 
period of operation for a veneer mill - will be available. 
 
Mention should also be made of the fact that as much core veneer timber is found in timber 
area W3 (north-west Liberia) as in E3. Information on the subject is contained in Report No. 
9. Due to the generally difficult exploitability in this part of the country, however, this 
question has not been gone into any further. 
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4.5.4 Import Timber Species of Groups 3/4 
 
Tetraberlinia (Cf. Reports Nos. 4, 7, 10, 11). 
As mentioned in the discussion of the vegetation zones in Liberia, the species of Tetraberlinia 
tubmaniana is the tree predominant in the Rain forest near the coast and particular in the 
south-east, in the Wet coastal rain forest. This species was discovered not before around 1950 
in the north-west of the country, when the ore railway to Bomi Hills was constructed. Léonard 
identified it and named it after William V.S. Tubman, the President of Liberia. The main 
occurrence of this tree was discovered by us in the Krahn-Bassa; the areas there stocked with 
Tetraberlinia are shown in Map 9. The Tetraberlinia stands there are distributed over an area 
of 2,500 sq.km.; their roundwood quantity above 50 cm. DBH amounts to 5.7 million cu.m. 
(arithm. sample mean). In the adjoining Sapo forest we found 1 million cu.m., and, outside 
the forest reserves, as we estimated based on our observations, it stocks amount to a further 
500,000 cu.m. above 50 cm. DBH. In total the standing stock in south-east Liberia is over 7 
million cu.m. In contrast to that, its occurrence in the north-west of Liberia (due to continuous 
reduction by logging and farming) is relatively modest with approximately 300,000 cu.m. 
Tetraberlinia is a tree of only medium size rarely growing to over 100 cm. diameter. The 
average trunk of trees above cut limit is of a diameter of 65 cm. The faultless bole length 
amounts to 14 m. in average. The distribution of Tetraberlinia in Liberia is shown on Map 7. 
 
Tetraberlinia offers a great advantage in terms of utilization technology, as it grows 
exclusively in rather dense populations, i.e. single dominant stands. Of these the average 
stock per sq.km. is approximately 2,000 trees over 50 cm. DBH with 7,000 cu.m. faultless 
volume. Graph 9 by way of further explanation of the chart has been compiled for one hectare 
of Tetraberlinia stand in the Sinoe area (south of the Krahn-Bassa) by Schaefer (Report No. 
10 GFM). 
 
Frequency and extension of these stands is greatest near the coast (climatic region 13.1). 
Towards the north and the Moist semi-deciduous forest its frequency will decline rapidly; this 
applies likewise to eastern directions. The last few representatives of this species can be 
expected to be located in the south-west of the Ivory Coast. In the north-west of Liberia the 
tree does not occur west of the Vai forest, as apparently the dry period in climatic zone 12.1 is 
too marked for that species. Tetraberlinia is, therefore, absent from the vegetation in Sierra 
Leone. This tree can thus be described as a purely Liberian timber species. We have, 
therefore, allocated the trade name of “SIKON” to it, based on a tribal name common in the 
main area of its distribution. It is surprising that Tetraberlinia was found in the Lorma 
National Forest, although it is neither dominant there. Perhaps due to the special form of its 
relief, this forest area gets more rainfalls than would otherwise correspond to its geographic 
location. 
 
The Forest Mission sent a major number of logs for technological investigations to Germany 
to the Federal Research Organization for Forestry and Forest Products at Hamburg-Reinbek. 
The tree was analysed there in many technological and anatomical respects. Furthermore, 
Schaefer carried out painstaking work on its saw timber. The results are compiled in Reports 
No. 10 (saw timber study) and No. 11. Essentially they reveal the following:  
 
- Tetraberlinia is a good saw timber it saws and seasons very well; faultless specimen are 
decorative. The natural durability and resistance against fungi is moderate. For exterior 
construction work, therefore, it can only be used after impregnation. The proportion of inner 
defects (decay), at 3-5 per cent, is small. 
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- Tetraberlinia is an excellent peel timber. Industrial peel veneers from very small up to 
maximum thickness can be produced without any difficulties, and glue very well for the 
production of plywood. Tetraberlinia can be used both as face and back veneer, but also as 
core veneer. 
 
-Tetraberlinia supplies an extraordinarily good pulp. The wood has a long fibre with a very 
high tearing strength. Tetraberlinia pulp bleaches well, and can be processed to make very 
good paper, capable of competing with best softwood papers. 
 
Statistically reliable investigations by Schaefer (Report No. 10 by the German Forest 
Mission) have indicated that Tetraberlinia has a very high reproduction rate, and that this very 
tree, even after very stringent exploitation during which all trees over 40 cm. are cut, will 
reproduce rapidly under natural conditions. This is of the greatest significance for the future 
management of such forest operations. Graph 10 indicates the distribution of the number of 
trees of such stock, including its reproduction. 
 
Species Didelotia idae, Did, brevipaniculata and Loesenera kalant  
The occurrence of these three timber species struck us in the south-east of Liberia, while 
Dididae was encountered also in the north-west of the country; in certain locations they were 
found to be very common and their stands were of a very good form at that. As nothing was 
known about its technological properties we had logs analysed in Germany for the purpose of 
this report by the Pederal Research Organization in Hamburg-Reinbek and by the Institute for 
Forest Utilization of the University of Goettingen. The results are compiled in Report 11. 
 
The two species of Didelotia are very good and decorative saw timbers which can doubtless 
also be easily peeled. The structure of this wood and its physical properties are so similar that 
in terms of utilization technology they can be regarded as one species of timber. This certainly 
improves their industrial exploitability considerably. 
 
Loesenera on the other hand, is useless for customary industrial purposes. The silicic-acid 
content of its wood is very high, whereby its splitting qualities are strongly reduced, and it 
does no longer lend itself to processing. However, its bending strength is particularly good so 
that theoretically this wood could be utilized for the production of tools and pit props. For the 
timber industry of Liberia, however, this tree is held to be without any value.  
 
The two Didelotia exclusively grow in groups on upland, which is of great advantage in tens 
of utilization technology. Loesenera exclusively grows in swamps, however, in very high 
concentration. 
 
The occurrence of these three timber species has been estimated by us to amount to the 
following (Figures in cubic metres over bark of trees above 50 cm. DBH): 
 

South-east Liberia North-west Liberia Total 
Didelotia idea 700,000 200,000 900,000 
Didelotia brev.  1,200,000 - 1,200,000 
Loesenera kal. 6,000,000 insignificant 6,000,000 

 
The areas of distribution are indicated on Map 7. Didelotia idae is most frequent in the drier 
regions of the Evergreen rain forest, and in the transition zone approaching the Moist semi-
deciduous forest: In northern Grebo 300,000 cubic metres are located in a relatively small 
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region. Its occurrence is widely distributed also in north-west Liberia, and in all likelihood 
also in the adjoining regions of Sierra Leone. Moreover, we found this species in the lower 
altitudes of the Nimba mountains. 
 
Didelotia brevi is limited to the area of the Wet coastal rain forest of south-east Liberia, 
mainly to climatic region 13.1. For this small area the 1.2 million cu.m. roundwood constitute 
a major concentration and a valuable contribution to industrial exploitation of this area in 
terms of utilization technology. 
 
Loesenera, too, mainly occurs in the south-east of Liberia, viz, in the region of the Krahn-
Bassa-Sapo. Ramifications of its populations, however, will reach down to the coastal zone of 
the north-west of the country. 
 
In terms of tree diameters Loesenera is the smallest of the three species, 80 per cent of the 
trunks being above 40 cm. DBH are between 40 and 60 cm., there are hardly any trees of over 
90 cm. Did. idae too, is a tree of only medium diameter and roughly comparable to 
TetraberliNia. Didelotia brevi,, on the other hand, mostly thrives with diameters of 100 cm., 
and will grow to diameters of 125 cm. 
 
Total bole length of these trees is 16-20 metres; they all belong to the upper canopy. The 
faultless bole length, in the case of Loesenera, is only about 9 metres, as a major portion of 
trunks will be devalued by moulding rot. For Did. idae the average faultless bole length is 14 
metres, while for Did. brevi. it is somewhat smaller, as many of the thicker trunks are not 
straight. 
 
Brachystegia leonensis 
This is a tree species of the Evergreen rain forest in the south-east, and thriving up to the 
north-west of the country. However, this species avoids the moistest parts of the Wet coastal 
rain forest in the Krahn-Bassa. The area of its distribution is shown on Map 8. The centre of 
distribution ranges from the region south of grebo to the central Krahn-Bassa, i.e. it comprises 
the climatic regions 13.4 and 13.2. 
 
The economic significance of this tree is due to the following factors: 
1) It is highly suitable in terms of utilization technique. It supplies a good and decorative saw 
timber, moreover, it peels and cuts well. However, its high share of splint amounting about 
half of the volume is a disadvantage. 
 
2) It grows in considerable quantities: viz, in south-east Liberia and in the region of Krahn-
Bassa and Sapo along it accounts for 1 million cu.m. above 50 cm. DBH with at least as much 
outside the reserves. Its highest concentration was found in the Sapo-East with 600 cu.m. per 
sq.km. In the north west, in timber area W1, it constitutes a valuable contribution to 
exploitability. Brachystegia is a tree that will grow to a diameter of up to 2 metres.  
 
Gilbertiodendron preussii 
The technical utilization of Gilbertiodendron constitutes a problem. The wood was found to 
crack very easily, and can there fore be used as saw timber only when in green state. 
Apparently, this timber also has a brittle heart: For even when cut green, boards etc. will 
break transversally under the saw. The share of useful timber is therefore very small: of 15 
metres total bole length only 10 metres can be used. Trunks will rarely grow to a diameter 
exceeding 100 cm; moreover, most of the trees of over 90 cm. diameter suffer from decay. In 
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all likelihood it is more resistant to fungi than many other mass timbers (e.g. Tetraberlinia). 
The core wood is of a fine brown colour and could certainly be used for parquetry production. 
In Liberia this tree, however, occurs in so great a quantity that it is highly desirable to find a 
suitable technical utilization for it. 
 
Gilbertiodendron is the most common tree species of timber areas E+W2. Its optimum is 
located in the border area between the Evergreen forest and Moist semi-deciduous forest Its 
preferred habitat is on stony, relatively dry tops of hi1ls. In the Gbi forest and in southern 
Kpelle stocks are 1,200 cu.m. above 50 cm. DBH per sq.km. Without sales possibilities for 
this type of tree the forest can hardly be exploited. But also in the northern Krahn-Bassa it still 
occurs at a rate of 250 cu.m. Only in the Wet coastal rain forest (timber area El), on the one 
hand, and in the Moist semi-deciduous forest, on the other, will the tree be rare. For its 
distribution pattern in Grebo see Map 13. In the National Forests of south-east Liberia stocks 
are at least 2.5 million cubic metres above 50 cm. DBH, whereof alone some 700,000 cu.m. 
are located in the Gbi forest. Its distribution in Liberia is shown on Map 8. 
 
Attention should finally be directed to two widely common and frequent timber species: 
 
- Parkia bicolour, thriving in the entire country from the coast to the north, at a rate of 150 up 
to 250 cu.m. per sq.km., and supplying a light and well processable saw timber 
 
- Sacoglottis gabonensis, a tree of the Evergreen rain forest above all. It is ubiquitous there. In 
the drier region its exploitable volume amounts to 100-200 cu.m., in the Krahn- Bassa up to 
600 cu.m. per sq.km. The tree has a very irregular shape, however, the timber saws 
surprisingly well, and is of an appealing colour. 
 
 
4.5.5 Heavy Construction Timber (species Group 5) 
 
Heavy construction timber is frequent in all forests, in some it constitutes the No. One species 
group. Due to its nature, the timber of this group has its lowest density in the coastal region 
(timber areas E+W1): 
 
In the undisturbed High forest with Tetraberlinia it accounts for around 600 cu.m. above cut 
limit (70 cm. DBH), and outside the Tetraberlinia stand it accounts for already twice as much, 
viz. 1,200-1,400 cu.m. In the Moist semi-deciduous forest, in particular in timber areas 
W3+N3, these timbers are the most frequent species. 
 
Stocks in the High forest of north Lorma are 1,900 cu.m. per sq.km., and in the Nimba region 
even 3,000 cu.m. Former farming is noticeable particularly in this species group: the 
respective values for the average of the forests are reduced thereby to one half and more. 
 
Of the 8 species of this group Aubrevillea is so rare that it is of no economic importance. 
 
Lophira has the widest distribution. Its optimum is located at the fringe of transition between 
the two vegetation zones, and in the region of Nimba with its particular climatic conditions. 
Here it dominates on wide forest areas and reaches a concentration of 1,000 cu.m. above cut 
limit.  
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Lophira is a teredo-resistant species; it can practically not be impregnated. Investigations 
made for the LAMCO railway project indicated that with regard to resistance, Lophira 
exceeds all other domestic and imported types of timber. The same resistance and durability 
can be achieved by other species of this group, provided that they are impregnated. 
 
Erythrophleum ivorensis is not rare in the Evergreen rain forest at its rate of 50-150 cu.m. per 
sq.km. In timber areas W3 and N3, however, in the north-west and north of the country it is 
the second species of this family, E. guineense which is one of the most frequent kinds of 
timber of this group. In the undisturbed High forest of Nimba it occurs at a rate of 500 cu.m., 
in North Lorma even with 700 cu.m. per sq.km. 
 
Piptadeniastrum is absent from the Wet coastal rain forest (climatic region 13.1) under natural 
conditions and occurs there only on former farmland. It is a tree of the Moist semi-deciduous 
forest: on Mount Nimba it stocks over 1,000 cu.m. per sq.km. from 70 cm. DBH. 
 
Cynometra ananta is the most common tree of this group in the Moist coastal forest (climatic 
region 13.1), but it is also found in the other areas of south-east Liberia, partly in dense 
clusters. In the north-west of the country it is replaced by Cyn. leonensis which is particularly 
common in W2 of the Gola Forest. The area of distribution of the two species does not seem 
to overlap. This genus is apparently absent from central Liberia. 
 
 
4.6 Possibilities of Utilization in Individual National Forests 
 
The following chapter is a compilation of the inventory reports for the individual national 
forests, to the extent that this is important for the assessment of their exploitability. The 
reports involved are Nos. 5, 6, 7 and 9. 
 
Growing stock information in these reports generally contains ET the following data: 
 
Number of trees and volume of trees above 40 cm. DBE and above fl cut limit per sq.km., viz, 
per species and species group, as well as the diameter distribution of all prominent species. 
This information is given per total area for small forests, and per forest part and, moreover, 
per compartment, volume stratum, exploitation zone etc. for major forests. As far as possible 
the minimum timber potential was calculated for the exploitable areas. By maps, further data 
tables and detailed discussions of data, the whole picture of the forest reserves has been 
rounded off for the purpose of these reports. 
 
 
4.6.1 The Krahn-Bassa and Sapo National Forests (Report No. 7) 
 
The Krahn-Bassa National Forest has a size of 5,140 sq.km., and has the code No. 060. It is 
broken down into parts 061-069 as well as 164-167. Three exploitation zones were defined 
(see Map 14): 
 
- Exploitation zone I (1,270 sq.km. = 25 per cent of the area), belonging to timber area E2. 
- Exploitation zone II comprises 1,990 sq.km. = 39 per cent of the National Forest, belonging 

to timber area El. 
- Exploitation zone III with 1,880 sq.km. = 36 per cent of the area, likewise belonging to 

timber area El. 
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The exploitation zones I and II are exploitable, zone III is partly doubtful, partly not 
exploitable. It contains areas devastated by farming, as well as areas inaccessible due to rough 
terrain. It is not included in the following descriptions. 
 
The Sapo National Forest has a size of 1,530 sq.km. and code No. 090. It is broken down into 
parts 091-094. All parts belong to timber area El. 
 
Exploitable forest areas of a size of approximately 500 sq.km. are located south of the Krahn-
Bassa, in timber area El, and outside the National Forests. 
 
Terrain: 
Krahn-Bassa: 
Predominantly flat to undulated, with a few small and steep hills; easy for logging. Part 165 
west of Cestos River is an exception (340 sq.km; it is predominently rugged and belongs to 
the non-exploitable zone III. 
 
Sapo: 
Predominantly hilly, often rugged, therefore difficult for logging operations. About one third 
of the forest can be regarded as “not exploitable” due to the rough terrain. The swamps in this 
zone have the particularly high area share of 20-35 per cent. These are inundated from mid-
June to mid- November. 
 
Transport Distances: 
The all-weather road Greenville-Zwedru is routed between the two national forests. 
Greenville has its own port. Transport distances to this port are very favourable: For Krahn-
Bassa they are between 20 and 90 miles, while for Sapo forest they amount to 50 miles on an 
average. For exploitation zone II however, access roads of a length of 10 to 20 miles will have 
to be constructed from the highway in order to reach the borderline areas of the central and 
southern Krahn-Bassa. Exploitation zone I, however, is directly linked by the road. Also the 
Sapo National Forest requires no major access roads for development. 
 
The Marketable Timber Area E1 
Krahn-Bassa, Exploitation Zone II (1,990 sq.km.) 
Of the exportable timber (species group 1a) 90-98 per cent of the trees, or 70-95 per cent of 
the volume, respectively,  belong exclusively to the timber species of Tarrietia. The balance is 
mainly accounted for by Lovoa. If the cut limit for Tarrietia is set to 50 cm. DBH, the 
merchantable volume in Exploitation Zone II will amount to 800 cu.m. per sq.km. 
 
In the Sapo National Forest the export timber stands are less common. Again they consist, 
above all, of Tarrietia, viz. 60-90 per cent of the volume. However, its concentration is only 
half that in the neighbouring Krahn-Bassa, viz. 350-400 cu.m. per sq.km. 
 
The timber of species group 3-4 has the highest importance in this zone, and amongst it 
especially Tetraberlinia is noteworthy. 
 
In the Krahn-Bassa, in exploitation zone II, of this species 2,300 cu.m. per sq.km. above cut 
limit (50 cm. DBH) are stocked, this is 4.6 million cu.m. over bark, calculated as the 
arithmetic mean. The Sapo Forest is not as densely stocked with Tetraberlinia. Based on our 
reconnaissance surveys the Tetraberlinia stock is estimated to amount to 650 cu.m. above cut 
limit per sq.km., which amounts to approximately 1 million cu.m. over bark. 
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Apart from that, area El contains quite a number of valuable saw timber species, above all 
Brachystegia, Didelotia idae, Did. brevipaniculata, Parkia and Nauclea: 
 
- In the Krahn-Bassa (Exploitation Zone II) stocks of these timbers are nearly 2.4 million 

cu.m. above 50 cm. DBH (1,200 cu.m. per sq.km.). 
- In the Sapo Forest 2.6 million cu.m. (1,700 cu.m. per sq.km.). 
 
In Area El this amounts in total to 5 million cu.m. of valuable saw timber apart from the 
timber species Petraberlinia. 
 
The timber area E2 in Krahn-Bassa = exploitation zone I 
(1,270 sq.km.). The export timber consists of Tarrietia at-a ratio of up to 80 per cent, if the 
latter species is utilized to up to 50 cm. DBH; the remaining 20 per cent are chiefly 
Entandrophragma and Lovoa. Under the assumption of the low cut limit for Tarrietia, nearly 
950 cu.m. per sq.km., or in total 1 ,2 million cu.m. of export timber can be held to stock this 
area; when only 65 cm. DBH is accepted as cut limit for Tarrietia, the stock of exportable 
timber is reduced to 650 cu.m. per sq.km., i.e. 820,000 cu.m. in total, of which 2/3 are 
Tarrietia. The stocks of good saw timber of species groups 2-4 (Nauclea, Brachystegia, 
Tetraberlinia, Parkia et al.) in this exploitation zone are likewise considerable, viz, over 1.8 
million cu.m. The less useful species Calpocalyx, Gilbertiodendron and Loesenera are not 
included in these figures. 
 
Tetraberlinia thrives in this area only in a number of patches, with a total of 380,000 cu.m. 
above cut limit, and this amount was included in the above figure. 
 
The stocks of core veneer timber in this area amount to only 170 cu.m. per sq.km. 
(approximately 200,000 cu.m. above 60 cm. DBH). 
 
The stocks of heavy construction timber per sq.km. in the entire Krahn-Bassa is about 1,300 
cu.m., in Sapo 1,000 cu.m., above cut limit 70 cm. DBH. More than half thereof are 
accounted for by Lophira and Piptadeniastruan. 
 
Industrial Utilization of Krahn-Bassa and Sapo (All Values Indicated as Minimum Timber 
potential “MTP”) 
The exploitation of the two National Forests, as well as of the adjoining unprotected High 
forest should only be regarded under the aspect of a versatile utilization of Tetraberlinia. 
Furthermore, the industrial utilization of other timbers of the species groups 1-4, including the 
conventional core veneer timber, should be regarded only in conjunction with it. 
 
The heartpiece of resources are Tetraberlinia stands in exploitation zone II of the Krahn-Bassa 
(2,000 sq.km. se.e Map 9). The minimum timber potential of this timber species in the center 
area amounts to 3.3 million cu.m. It is therefore obvious that it should be recommended to 
include the other forests of timber area El in the respective industrial planning, i.e. the Sapo 
forest and the adjoining unprotected High forest, to the extent that these are exploitable. These 
areas could not be exploited in isolation under optimum conditions. About one third of the 
area of the Sapo forest must be regarded as not exploitable, due to the hilly and populated 
areas. Together with the exploitable forests outside the reserves, 1,800 sq.km. must be added 
to the exploitation zone II of the Krahn-Bassa, so that the total exploitable area in timber area 
E1 comprises 3,800 sq.km. 
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For this integrated area we estimate the minimum timber potential (volume under bark, above 
cut limit) to amount to the following: 
 
- Tetraberlinia: 4.2 million cu.m. 
- Other good saw timber (partly also for peeling) of species groups 2-4 (excluding 

Gilbertiodendron, Loesenera and Calpocalyx): 
 3.6 million cu.m. 
- Export timber (mostly Tarrietia above 50 cm.): 
 1.6 million cu.m. 
- Conventional core veneer timber (mostly Mitragyna): 
 0.8 million ou.m. 
 
For industrial planning it will be essential to know that these 10 million cu.m. of exploitable 
roundwood are stocked within a radius of no more than 35 miles from centre of timber area 
E1. 
 
A timber industry could be established on this very basis; it would permit great versatility in 
operation and should be well geared to the respective natural and industrial requirements, so 
that an optimum benefit can be drawn from these resources, for example: 
 
- One plywood mill with an annual capacity of about 150,000 cu.m. of roundwood. It would 
have sufficient raw material for 40 years (two investment periods). Most of Tetraberlinia 
stocks, as well as the conventional core veneer timber, could be processed, as could very well 
the two Didelotia species and Brachystegia, of which 1.3 million cu.m. are available. 
 
- A particle board factory processing the inferior qualities and waste of the species groups 1-4, 
including Gilbertiodendron and Calpocalyx. A capacity of any economic size between 10,000 
and 50,000 cu.m. per year and above is conceivable. 
 
- A pulp factory exclusively processing Tetraberlinia timber. Moreover, trunks of 40-50 cm. 
could be used (approximately 600,000 cu.m.), and the diameter class 30-40 cm. 
(approximately 250,000 cu.m.) as well as the top pieces which are not always utilized (i.e. the 
difference between the total length and merchantable length amounting to 4 m. on an 
average). Thereof some 750,000 cu.m. would arise in the felling of timber for the plywood 
factory. In total this would amount to approximately 1.6 million cu.m. which were not 
included in the above calculation of MTP. Reference should be made to the good 
technological properties of Tetraberlinia which, associated with its great abundance and 
strong clustering, would favour processing to pulp in such an economical way as can only 
rarely be encountered of natural stands in tropical forests. 
 
- A saw mill for the processing of the good sawing timber species Tarrietia, Brachystegia, 
Didelotia idae and Did. brev., Parkia, Nauclea etc. For this purpose 3.6 million cu.m. MTP 
would be available in which, however, the above quantities for Didelotia and Brachystegia are 
also included. However, in any case this is enough timber for an unlimited period of time 
even for a large-scale operation. 
 
In Exploitation Zone I of the Krahn-Bassa (timber area E2) the exploitation could be limited 
to a “creaming off” of the round export timber; however, this would be risky, as in that 
respect the stock of 1a timber, both in terms of mass and of composition of species, is little 
suitable for this purpose. It is more conceivable in connection with a saw mill operation for 
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production for exports and the local market. For this purpose 2.2 million cu.m. MTP of good 
timber of species groups 1 - 4 will be available. Most expediently Tetraberlinia (MTP 
approximately 280,000 cu.m.) should be allotted to industrial operations in Zone II. But even 
so, for practically unlimited periods of time a sufficient timber supply would be left for the 
operation of a sawing mill.  
 
 
4.6.2 Reconnaissance in the North Gio, Gio and Gbi National Forests (Report No. 6) 
 
In 1961 reconnaissance was carried out in these three forests. 
 
The sizes of the forests are as follows: 
 
North Gio  44.4 sq.km. = 10,976 acres 
Gio  330.0 sq.km. = 81,370 acres 
Gbi  610.0 sq.km. = 150,656 acres. 
 
The Terrain 
 
The North Gio is flat to undulated, and easy for logging. It has been substantially devastated 
by shifting cultivation. For this reason only about 40 per cent of the area are left in an 
exploitable state. 
 
The Gio Forest is likewise mostly undulated, however, in its longitudinal direction it is 
separated by a major range rendering at least 30 sq.km. or 7,000 acres inaccessible. 
 
The Gbi Forest likewise includes a major range with several very steep mountains. The 
exterior parts, as in the Gio Forest, are undulated and partly of a hilly nature. Due to the 
rugged terrain at least 60 sq.km. = 14,000 acres are inaccessible. 
 
Highways and Transport Distances 
 
All these three national forests are located on the highway from Monrovia to Ganta-Tappita-
Zwedru and Greenville. The average distance to the port and city of Greenville amounts to 
175 miles, to the port and city of Monrovia to 250 miles. Transport of one ton of round timber 
to Monrovia costs $15, and to Greenville respectively less. 
 
North Gio and Gio National Forest belong to timber area E3, the Gbi Forest to timber area E2. 
The borderline between these two zones is routed between Gbi and Gio, and separates the 
Moist semi-deciduous forest from the Mixed evergreen rain forest. 
 
The species composition of the two Gio Forests on the one hand, and of the Gbi Forest on the 
other, is basically different. In the Gio Forest export timbers are available in a greater 
abundance than timber for local consumption, while in the Gbi Forest the ratio is the other 
way round. Of the export timbers the most frequent species in the Gio Forest in terms of mass 
are Triplochiton, Entandrophragma and Chlorophora. Tarrietia thrives frequently only in the 
southern part. On an average the total stock of the forest amount to about 900 cu.m. above cut 
limit per sq.km., while in the undisturbed residual of the North Gio Forest the respective 
figure is 750 cu.m. In the Gbi Forest, on the other hand, respective figures are only 440 cu.m., 
of which half is accounted for by Tarrietia, and about one third by Entandrophragma. The Gio 
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Forest, moreover, is rather rich in the two Terminalia species, but also other CVT species, in 
particular Ceiba, Mitragyna and Pycnanthus, with a total of 900 cu.m. per sq.km. Neither with 
these species is the Gbi well stocked; for, as is customary in the Evergreen forest, the 
intolerant timber species are rare. Stocks of CVT are therefore only 400 cu.n. 
 
Timber for local consumption (species groups 3 - 4) in Gio amounting to 1,100 cu.m., of 
which 500 cu.m. are accounted for by Gilbertiodendron and Calpocalyx, exclusively thriving 
in the southern and more moist parts of the forest in dense patches. Available good saw 
timber is accounted for only by the species of Daniellia, Ongokea and Parkia in substantial 
quantities. 
 
In the Gbi Forest the timber species of groups 3/4 are twice as common: 2,500 cu.m. above 50 
cm. DE No less than one half thereof, however, is accounted for by Gilbertiodendron, and a 
further 500 cu.m. by Calpocalyx, so that the better type of saw timber accounts for only 800 
cu.m per sq.km. as the balance, inter alia a number of patches of Tetraberlinia and Didelotia 
idae. 
 
In view of the relatively high share of export timber for the Gio Forest exploitability 
constitutes no problem. Under certain circumstances (provided that a respective plant is 
available in south-eastern Liberia) the rich stocks of CVT could be utilized additionally, 
moreover, also the saw timber could be cut for local consumption in the Tappita region. 
 
However, the possibilities for utilization in the G-bi Forest are problematical. The stocks of 
Entandrophragma are located above all in the northern part of the forest, so that because of the 
somewhat higher concentration a creaming off of export timber can be considered worthwhile 
here. Moreover, the Gbi Forest could be exploited only with emphasis being placed on timber 
for local consumption. 
 
 
4.6.3 The Grebo National Forest (Report No. 5) 
 
Inventory of this forest reserve was carried out in 1962/63. 
 
The forest is located at the borderline of the Ivory Coast, and its size is 2,510 sq.km. = 
620,000 acres. Its maximum expansion in north-south direction is 50 miles, and 38 miles in 
east-west direction. Its code is 050, and it is broken down into parts 051 - 053, as well as into 
compartments 1 - 8. The compartments were defined by density of. export timber (see Map 
11). 
 
The Terrain 
Mostly flat, and rolling in the southern part. Only in the western region of part 052 
(compartment 4) is an area of about 100 sq.km. covered with rather steep hills. With this 
exception the Grebo is easy to log, as also the proportion of swamps is small. 
 
Highways and Transport Distances 
 
A logging company has recently lengthened the highway between Harper and Nyaake in the 
southern part of the forest, and plans to lengthen it even further in northern direction. On the 
other hand, the northern part of the Grebo (part 051) should be better connected with Zwedro 
by an access road (distance 35 miles), as from there the port and city of Greenville (115 
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miles) can be easily reached. In Harper, on the other hand, timber could only be loaded 
offshore. Road distance to Monrovia amounts to 400 miles on an average, and therefore is too 
long for any profitable transport of timber. 
 
The limiting line between the Evergreen forest and the Moist semi-deciduous forest cuts 
through the Grebo Forest. The forest area belongs to timber zone E3. 
 
To the extent recognized today, only 10 per cent of the forest area have been disturbed by 
farming, and 6 to 8 per cent are accounted for by swamps; however, more than half of the area 
by its structure has been damaged by an excessive elephant population. 
 
In terms of exploitability the Grebo National Forest is one of the most interesting forest areas 
of Liberia. (Volumes as arithmetic sample mean over bark per sq.km. of the entire forest): 
 
- Main emphasis of utilization is on export timber, the stocks of which on an average are 
about 700 cu.m. above cut limit. 
 
- Another important utilization factor, if feasible, could be the core veneer timber the average 
stocks of which are likewise about 700 cu.m. above 60 cm. DBH. 
 
- Moreover, there is timber for local consumption (species groups 3/4) and for heavy 
construction (species group 5), each accounting for 1,400 cu.m. above cut limit. 
 
Export Timber 
 
Due to the different degree in concentration of export timber, 8 compartments were selected 
of between 200 and 500 sq.km. by size; of these 4 compartments (viz. 1, 3, 5 and 6, see Map 
11) with a total area of 1000 sq.km. = 40 per cent of forest area are exploitable. They are 
located in the north and north-east of the Grebo. Export timber above cut limit amounts to 
between 85 and 120 trees per sq.km., of which at least 50 trees are accounted for by the more 
valuable timber species (i.e. not Tarrietia). In terms of volume the prominent species is 
Entandrophragma at a rate of 200 - 450 cu.m., in one case it is Triplochiton with 550 cu.m. 
above 80 cm. DBH. Also Dumoria is not insignificantly represented in places. Tarrietia, it is 
true, also has some significance with 80 - 170 cu.m. above 65 cm. DBH, however, this 
proportion is always lower than at least one of the more valuable species. 
 
Not exploitable with respect to export timber are the other four compartments with 1,510 
sq.km. or 60 per cent of the area. These are, above all, accounted for by the southern and 
western Grebo. The stocks of export timber in this area are only 50 trees with about 500 cu.m. 
per sq.km. 
 
Core Veneer Timber (CVT) 
The volume strata of core veneer timber range from 300 to 1,000 cu.m. per sq.km. (see Map 
11). The richest strata of this timber coincide partly with the richest export timber areas, viz, 
with compartments 1 and 6. Apart from that, we have found very rich core veneer timber in 
compartment 7 and in the eastern part of compartment 8, with 900 cu.m. Both are not rich 
enough in export timber to permit exploitation based on export timber alone. Such 
exploitation will have to be done concurrently with CVT; but in this case it would doubtless 
be profitable. As these forest regions are exploitable provided that combined utilization is 
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adopted, we have called them “conditionally exploitable areas” in our Report No. 5. They 
comprise 415 sq.km. (= 17 per cent of the Grebo region). 
 
Timber for local consumption (species groups 3/4) varies in individual compartments between 
1,000 and 2,000 cu.m. above cut limit ( cm. DBH). Up to one third thereof is accounted for by 
Gilbertiodendron and Calpocalyx. Both occur in sharply defined areas, while they are missing 
in other parts of the forest. The volume strata are shown in Report No. 5 of both species; for 
Gilbertiodendron, see map 13 of this report. Didelotia idae can be regarded as assuming 
considerable economic importance. It occurs in the north of Grebo in some major patches 
between 300 and 2,500 cu.m. per sq.km. above 50 cm. The distribution of Didelotia idae is 
indicated on a map in Report 5. Total stock of this species in the Grebo forest is 
approximately 300,000 cu.m., mostly within the exploitable areas, which become even more 
attractive for exploitation on account of this species. 
 
The other saw timber species are of secondary importance. 
 
Heavy construction timber (species group 5). 
At a volume of 1,000 to 1,800 cu.m. per sq.km. above cut limit of 70 cm., all three forests are 
richer in heavy construction timber than in timber of other species groups. 
 
Map 12 shoes the volume strata for this group (taken from Report No. 5). The volume above 
cut limit varies between 400 and 3,000 cu.m. per sq.km. The richer parts are located within 
the exploitable areas. Oldfieldia and Cynometra ananta were only found in certain sharply 
defined areas. in the Central Grebo at high concentrations between 200 and 900 cu.m. per 
sq.km. above cut limit. Their occurrence was plotted on special maps in Report 5. The other 
species of this group are distributed over all parts of the forest. 
 
The Minimum Timber Potential (MTP) in the Grebo National Forest 
 
As regards exploitability, 3 units of assessment were defined:  
 
Exploitable areas  1,000 sq.km. = 40% of Grebo 
Conditionally exploitable areas  415 sq.km. = 17% of Grebo 
Combined exploitable areas  1,415 sq.km. = 57% of Grebo 
 
The details for each of these units are given in Report No. 5: 
 
- The arithmetic mean of merchantable timber per species, in terms of the number of trees and 

volume. 
 
- MTP per species group. 
 
Moreover, the following information is indicated: 
 
- The number of trees and volume per species and species group above and below cut limit, 

viz, for the 3 forest parts and for each compartment. 
 
- Diameter distribution of prominent species. 
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- Of core veneer timber the number of trees and the volume per compartment is indicated, and 
likewise the volume distribution per diameter class and species. 

 
The Minimum Timber Potential (MTP) therefore amounts to the following: 
 
1) By exploiting only species group 1a (export timber) 
 - The suitable area is 1,000 sq.km. or 250,000 acres. 
 - The MTP then amounts to 600,000 cu.m. or 150 million bd.ft. 
 
2) By combined exploitation of both species group la and the core veneer group 
 
 - The suitable area for combined exploitation is 1,415 sq.km. or 350,000 acres. 
 - The MTP of the species group 1a (export timber) then amounts to 870,000 cu.m. or 200 

million bd.ft. 
 - The MTP of core veneer timber is 830,000 cu.m. 
 - With the MTP of core veneer timber, a veneer mill with a capacity of 37,500 cu.m. per 

year could be supplied for at least 20 years. Under this assumption an area of 64 sq.km. or 
16,000 acres per year would have to be logged. 

 - The annual yield of timber (MTP) of species group la under the assumption of a 
combined exploitation of 64 sq.km. per year, will be 33,000 cu.m. or 8.5 million bd.ft. 

 
Furthermore, at an annual cut of 64 sq.km. within the area of combined exploitation the 
following timber is available per year: 
 
 - Construction timber of species groups 3 + 4, for local consumption, MTP 58,000 cu.m. or 

13 million bd.ft. 
 - Heavy construction timber of species group 5 (for railway sleepers, harbour construction 

work etc.), MTP 66,000 cu.m. or 15 million bd.ft. 
 
 
4.6.4 The Forests in North-West Liberia (Report No. 9) 
 
The following national forests are located in north-west Liberia: The Yoma District as well as 
the Gola, Kpelle, Lorma and North Lorma National Forests with a total of 5,400 sq.km. = 1.3 
million acres. Moreover, the former Vai Forest (480 sq.km.) and the proposed Belle National 
Forest with 665 sq.km. The high forest outside these areas, according to our estimates, 
amounted to a maximum of 2,000 sq.km. = 500,000 acres in 1966. 
 
By field trips and reconnaissance surveys we have gained a picture of the forest conditions in 
the north west and can, therefore, give an estimate of the timber potential. More detailed 
investigations, more intensive sampling designs and analyses, unfortunately, were not 
possible for lack of funds, but this work does not appear to be urgent at the moment. In. the 
school forest (1 sq.mile) which is part of the Yoma District, a 10-per cent stocktaking was 
carried out. Moreover, we have ascertained some data on the growing stock by reconnaissance 
surveys, viz, in South Kpelle (part 101), Lorma (forest 070) and North Lorma (parts 081 - 
083). 
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Terrain 
The southern district from the coast to Bopolu is highly rolling, with some interspersed steep 
mountains and ranges. From there - and this practically applies to all forests - the area is 
extremely rough and therefore not very accessible for logging. 
 
Highways and Transport Distances 
The southern part is well developed by all-weather roads. The roads Monrovia - Bomi Hills - 
Fono (NIOC) and the road from Monrovia to Bopolu are important for timber transport. 
 
For the forest areas located there the transport distance to Monrovia is only 40 - 80 miles. 
This is most favourable distance to the main sales area of all Liberian forests. 
 
The Lorma National Forest and the North Lorma National Forest are developed by the all-
weather road from Monrovia to Gbanga - Voinjama. The distance from Monrovia to the 
Lorma Forest is 155 miles, and to the North Lorma Forest 220 miles. 
 
However, the major portion of the Kpelle and Gola Forests, with 3,200 sq.km. = 60 percent of 
the established national forests of this part of the country, is not accessible due to lacking 
roads. 
 
Forest Structure 
 
The Gola and Kpelle National Forests and about half of the Yoma District are to a large 
extend undisturbed High forests; the other forests are chiefly old farmland. 
 
Exploitability with Respect to Accessibility (cf. Table 8) 
 
Exploitability is favourable south of the line Bopolu-Fono, with the exception of the forests 
covering the ranges. North of the line, however, exploitability is difficult, if only for reasons 
of the rough terrain there. Corresponding to the differences in terrain, we have grouped north 
west Liberia into two exploitation zones: 
 
Exploitation zone I: Comprising the timber area W1 and a smaller 

portion of W2. These are the forests around 
Bomi Hills and Bopolu, with a maximum of 
1,000 sq.km. = 250,000 acres. This area is 
exploitable. 

Exploitation zone II: This includes the forests on highlands that are 
difficult for logging operations. In total the 
forests cover a maximum of 7,400 sq.km. 
inside and outside the national forests. These 
are the timber areas W2, and part of area W3. 

 
Exploitability with Respect of Growing Stock 
 
Exploitability can be characterized as follows: 
 
- The most important species of export timbers are very rare in all of north-western Liberia, 
e.g. Entandrophragma, Dumoria, Khaya, Lovoa and Triplochiton. The main timber species is 
Tarrietia, in undisturbed High forest growing in great concentration, in timber area W3 it 
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thrives in relatively major dimensions. In the undisturbed High forest its volume above 65 cm 
DBH amounts to_1,000 cu.m. per sq.km.  As the forests, however, have been highly disturbed 
by farming, existing stocks are only a fraction thereof, i.e. not more than 100 – 450 cu.m. per 
sq.km. on an average of the whole forest or forest part, respectively. Only in the central Gola 
and central Kpelle Forests are these average values higher. In exploitation zone I (timber zone 
W1) apart from Tarrietia, no other export timber was found. In Exploitation zone II (timber 
areas W2 and W3) however, apart from Tarrietia, the species Chlorophora, Terminalia 
ivorensis and T. superba are relatively frequent, of which in total about 200 cu.m. above cut 
limit (DBH 70 and 90 cm. respectively) are found on an average in the forest stocks growing 
there. 
 
Timber for local consumption (species groups 3/4) in exploitation zone I must be taken as the 
basis for utilization: Here we find Tetraberlinia, Didelotia idae, Brachystegia, “Parkia, 
Sacoglottis and, moreover, Gilbertiodendron and Calpocalyx. The growing stock of these 
timbers per sq.km. in total is 2,500 cu.m., above 50 cm. DBH. In exploitation zone II, 
however, this group accounts for only 500 to 1,000 cu.m., chiefly formed by Chrysophyllum, 
Funtumia and Parkia. 
 
Heavy construction timber, as described elsewhere in detail, is particularly abundant in the 
western province, viz. Erytbrophleum ivorensis in the southern part and E. guineense as well 
as Lophira in the central part of the north-west (Kpelle). Piptadeniastrum replaces it in North 
Lorma. Only in the transitional zone between W2 and W3 in the Lorma Forest are all three 
species of equal frequency (Lophira and Piptadeniastr with 500 cu.m. each, Erythrophleum 
with 270 cu.m. above 70 cm.), so that group 5 on an average reaches a total of 1,500 cu.m. 
there. Of the other five species of this group in the north-west, viz, in the Gola Forest, only 
Cynometra leonensis can be regarded as significant. 
 
Exploitability of the High forest is not problematical for exploitation zone I. 
 
- The terrain is favourable for logging. 
 
- All timber of groups 1 - 4 can be sold in Monrovia which is located very favourably in terms 

of transport. 
 
- Also the concentration of timbers of species group 5 is high enough for exploitation. 
 
- Three iron-ore mines are located in this area, and they have a continuous requirement of 

saw-timber for industrial construction and housing construction; there is also a need of 
sleepers for the two railway lines of a total length of 130 miles. 

 
Exploitation zone II, however, cannot be regarded as attractive for timber industry: 
 
- The terrain is mainly very rough. 
 
- Available export timber would find only very limited sales chances at relatively low prices 

on the export market. 
 
- The timber of the other species groups can be obtained from other parts of the country, of 

similar or better quality, at much more favourable conditions and in sufficient quantities. 
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- The major portion of the forest lies far away from the high way; easily accessible reserves 
are depleted by farming. 

 
Any utilization of these timber resources can be expected to be expedient only if and when 
iron ore mines are opened also in these areas, whereby the total region would be developed, 
while at the same time a local timber demand would be created. The timber could then be 
marketed at favourable transport cost. In the undisturbed High forest areas - to the extent that 
they are not located in the too rough terrain - excellent forest resources would be available for 
these purposes, viz, from the lightest to the heavier, yet durable and strong timber. Moreover, 
the Tarrietia trees of higher diameter could be exported. 
 
 
4.6.5 The Forests in Northern Liberia 
 
There are only some 600 sq.km. of closed forest in northern Liberia, covering the Nimba 
mountain in the west, its ramifications, and finally the Kitoma range. 
 
In the northern foothills of the Nimba mountains we carried out a pilot survey in 1966 for 
LANCO that produced interesting results. Details are reported in the Appendix to Report No. 
9. This was a sampling inventory, carried out according to the block-tract system, where 5 per 
cent of’ the 22 sq.km. of forest area were enumerated. Half of this area was undisturbed High 
forest, the other half intermediate forest. Data on the undisturbed High forest of this very area 
have already been shown in a different context, and are compiled for the purpose of this report 
as follows: 
 
The Nimba area belongs to timber area N3. As regards its timber species composition, it 
ranges between timber areas E3 and W3. It is characterized by the following features (figures 
arithmetic sample mean over bark per sq.km. of undisturbed High forest only): 
 
- A very high stock of thick Tarrietia with nearly 2,000 cu.m. above 65 cm. in undisturbed 

High forest. 
 
- Relatively many other export timber species with 800 cu.m. above 80 cm. 
 
- A considerable stock of saw timber, with a total of 2,000 cu.m. above 50 cm. above all 

Daniellia, Chrysophyllum and Parkia. 
 
- There is a very large stock of heavy construction timber, in particular Piptadeniastrum (900 

cu.m.), Lophira (600 cu.m.) as well as Erythrophleum and Anopyxis with 350 - 400 cu.m. 
above 70 cm. DBH. 

 
These values refer to the undisturbed High forest, and make it clear what enormous useable 
growing stock can be expected in this area outside the areas disturbed by farming. Even if our 
investigations base only on a small area we can say that the Nimba region must be regarded as 
the richest forest area of Liberia. 
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5 THE EXPLOITABILITY OF THE TIMBER POTENTIAL IN 
LIBERIA WITH RESPECT TO NATIONAL PLANNING 

 
Resumé: 
 
Based on our knowledge of the country, we estimate that the total surface area of the closed 
forest of Liberia amounts to 25,000 sq.km. or 6 million acres (cf. Table 4). Two thirds of this 
area are accounted for by national forests. Two thirds of the closed forests are located in the 
south-east of Liberia, nearly one third in the north-west, while only 2 per cent lie in the north 
around Nimba. In central Liberia there are only very small residues of forests, and that only 
on very steep mountains, in areas where no periodical farming takes place. 
 
We have shown by way of examples how and where the forests differ in the various parts of 
the country and zones of vegetation: 
 
- By means of data for basal area, number of trees, and volume of Nature high forest we have 

created information on the natural and - as regards the exploitable timber potential - also 
optimum stocking. 

 
- The average growth stock of national forests was indicated in tables, in terms of number of 

trees and volumes. Moreover, a survey was given about the most frequent species in each 
species group. 

 
- Frequency and distribution of the most important timber species and species groups have 

also been explained in this report. 
 
- Timber potential and possibilities for utilization of the national forests were described in a 

summary of the Reports 5 - 9. 
 
With respect to national planning the great variety of structures of Liberian closed forests can 
be classed in 7 timber areas. This classification was made on the basis of the major and 
important marketable timber species. The most important criteria were distribution of 
Tetraberlinia, mixed saw timber and export species. 
 
Map 15 indicates the areas of closed forest - in total 25,000 sq.km. or 6 million acres - broken 
down by timber areas. Map 15, therefore, is the basic map on which all national planning 
relating to the development of the timber industry in Liberia should be founded. The regions 
involved are the three areas in the south-east (E1-3) and in the north-west (W1-3), and one 
area in the north of the country (N3). 
 
As a next step of the discussion, in Table 8 the closed forest in the timber areas is broken 
down into the following categories: 
 
- Exploitable areas inside and outside national forests. 
- Unexploitable areas. 
- Total area of each timber area. 
 
The decision relating to exploitability of forests was made by us based on our inventory work 
and such carried out by concession companies. Of the 25,000 sq.km. available, according to 
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our opinion, about half is exploitable. The other part is either too poor in marketable timber or 
not accessible due to rough terrain. 
 
The major portion of forests in the north-west of Liberia is amongst the inaccessible areas, 
viz, timber areas W2 and W3. 
 
In this part of the country only the southern forests are exploitable (1,000 sq.km.), in 
particular W1 and a minor portion of W2. In south-eastern Liberia, on the other hand, the 
major portion of the closed forest is exploitable: 
viz. 11,000 sq.km., with 40 per cent being accounted for by territory outside the reserves. 
 
The exploitable forests in the north-west will have mostly disappeared within a very few 
years, not only due to logging operations, but mainly by increasing shifting cultivation. For 
several new industrial plants have been established in these areas, and the population 
increases strongly due to an influx of migration. 
 
In the south-east of the country the exploitable areas are not endangered by shifting 
cultivation in this extend, as the pressure of population growth is less there. However, the 
population of the Krahn-Bassa and Sapo National Forests should be prevented from further 
destroying the High forests. Moreover, the farmers must naturally be kept away from the 
concession areas outside the reserves, until these have been exploited. 
 
 
5.1 Opportunities for the Establishment of a Timber Industry in Liberia 
 
Timber for Local Consumption: 
 
Two groups of timber species are frequent in all forests: timber for local consumption, i.e. 
saw timber (species group 3) and timber for heavy construction (species group 5). 
 
The first group is more frequent near the coast, the other is more prominent in the opposite 
part of the country; but both are available everywhere in sufficient quantities for exploitation - 
provided sales are ensured and transport cost does not obviate profitability of such operations. 
 
Domestic Sales of Saw Timber 
 
The local market is concentrated in Monrovia and the four ore mines. In 1965 the 
consumption of sawn lumber in Liberia, according to an investigation of the Bureau of Forest 
Conservation, amounted to approximately 50,000 cu.m. (20 million bd.ft.). About one quarter 
thereof is accounted for by the ore mines, meeting their requirements mainly from own saw 
mills, while their round timber they obtain from the forests in their immediate environment. 
 
If the 50,000 cu.m. of sawn lumber were to be produced in the country, about 90,000 cu.m. 
round wood would be required, for which about 60 sq.km. of forest would have to be 
exploited. This means that actually only a very small portion of the potential of saw timber in 
the exploitable areas can be utilized in the next 20 years, unless other industrial applications 
are found for timber. Sales chances for sawn timber, however, are even more unfavourable, as 
more than one half of domestic requirements is covered by imports, at a price below that of 
locally produced lumber. 
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The development of the local market for indigenous timber species depends exclusively on 
the establishment of a modern of a modern and rationally operating timber industry, which in 
terms of prices and quality could compete with timber imports and which attempts to market 
domestic products with great energy and imagination. 
 
Two major factors have to be allowed for as early as in the industrial planning stage: 
 
1) Forests should be preferred for exploitation wherever they are particularly rich in timber of 

species groups 3/4 i.e timber areas El and E2 as well as W1 and W2. 
 
2) Transport cost should not exceed 20 per cent of the price for sawn lumber, i.e. the mass 
product grades (construction timber), or 12 dollars per cu.m. of sawn lumber (3 cents per 
bd.ft.). Timber area W1 (Bomi Hills - Bopolu) with an average of only 50 miles of transport 
distance to be covered is the most favourable one in terms of transport cost. Cost from there to 
Monrovia amounts about 4 dollars per cu.m. (or 1 cent per bd.ft. of sawn lumber). Moreover, 
the market in Monrovia be supplied with sawn lumber even more favourably from the 
southern Krahn-Bassa (timber area El). Transport by coastal vessels from Greenville to 
Monrovia including transport of sawn timber to the port will not cost more than 10 dollars per 
cu.m. or 2 cents per bd.ft. 
 
For the other exploitation areas (in particular timber areas E3 and W3) transport cost is 
prohibitive for the local market. From the area of Tappita, for example (250 miles to 
Monrovia), such cost would at least be 15 dollars per cu.m. of sawn lumber, (i.e. 
approximately 3.6 cents per bd.ft.), which is almost twice as much as from area El. 
 
The Market for Heavy Construction Timber (Species Group 5) 
 
All species of this group constitute excellent timber for railway sleepers: Liberia’s railroads 
are 300 miles long. 1 million sleepers were laid so far, about one half of which, viz, 
exclusively the imported sleepers, were in so bad and deteriorated a state already in 1966 that 
they will have to be replaced within a very few years. For the next decades every year an 
average of 50,000 sleepers will have to be replaced, for which purpose some 5,000 cu.m. of 
heavy construction timber will be needed. 
 
It is recommended that a company be set up to produce impregnated sleepers in a large-scale 
operation and to sell them both in Liberia and abroad. Moreover, attention should be drawn to 
the fact that the large requirement of masts in Liberia could easily be covered by a respective 
domestic production. For this purpose Strombosia glaucescens appears to be the most suitable 
and preferable timber; it grows in all forests of the country in sufficient quantities, i.e. in the 
Nimba High forest, at a rate of over 150 pole trees per sq.km. 
 
 
5.2 Exploitation in North-West Liberia 
 
For the exploitable areas in the north-west of Liberia - viz, timber areas El and partly E2 with 
a total of 1,000 sq.km. - utilization must be limited to saw timber and, perhaps, heavy 
construction timber. No major timber operations should be planned for this area. The size of 
exploitable areas, which are diminishing all the time, and their composition in terms of timber 
species would permit the erection of saw mills only for the local market; for that purpose, 
however, the area appears well suited. 
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5.3 Exploitation in South-East Liberia 
 
As can be seen from Table 8 the most important exploitation areas are located in the south-
east of Liberia with nearly 11,000 sq.km. or more than 80 per cent of the exploitable forests of 
the country. 
 
The exploitable timber in this area has been estimated by us in terms of the Minimum Timber 
Potential and compiled in Table 9 broken down by three timber areas, E1-3, as well as by 
marketable species groups, and in terms of the MTP of Tetraberlinia. Country planning 
should regard this area as one unit. 
 
Exploitation with Emphasis on Export Timber 
 
Forests of exploitable nature based on stocks of exportable timber (apart from the small 
Nimba area) are located exclusively in timber area E3 of a size of 5,200 sq.km., of which only 
one third belongs to National Forests. The timber concessions outside the National Forests are 
plotted on Map 10. 
 
The stock of export timber (above cut limit) for these areas amounts to 850 cu.m. over bark 
(780 bd.ft. per acre) on an average. The volume (MTP) that can surely be exploited is smaller 
by about 30 per cent, so that on these 5,200 sq.km. at least 3 million cu.m. under bark can be 
exploited. A considerable portion thereof is of saw timber quality, i.e. it must be sawn in 
Liberia and exported as sawn lumber. 
 
Moreover, what are called salvage areas are located along the highway of Ganta-Zwedru. This 
is farmland with patches of high forest. The salvage areas still have an exploitable stock of 
export timber that should be utilized before the trees are destroyed by farming activities. As 
no survey of the timber stock of these areas is available, the exploitable quantity cannot be 
estimated. 
 
Logging conditions are highly favourable for timber area E3. 
 
Transport problems can be solved as follows: From 70 per cent of the exploitation areas, i.e. 
from the Gio Forest to the Putu range, the timber can be transported via the road of Tappita-
Zwedru to Greenville, and shipped from there under favourable transport cost conditions. The 
average transport distance amounts to 120 miles, and cost will be about 7.50 dollars per cu.m. 
During the next 30 years at least 70,000 cu.m. of timber could be exploited annually in this 
location. From the port of Greenville approximately 50,000 cu.m. of timber could be shipped 
annually, viz, partly as roundwood and partly as sawn lumber. 
The concessions around Tappita, moreover, offer the possibility of having the timber 
transported via the LAMCO railway to Buchanan from where it would be shipped by water. 
The other remaining 30 per cent of the exploitation area are located in and around the Grebo 
Forest. The distance to the coastal city of Harper is by one third shorter than to Greenville, 
however, there is no port at Harper. Offshore loading is possible only during 7 months of the 
year for roundwood, provided that the timber rafts (e.g. this type of loading is ruled out for 
Chlorophora) contain no sinkers. Sawn lumber could be loaded there at great cost 
expenditure. 
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Economically speaking, transport to the port of Greenville would doubtless be economical 
under the following conditions: 
 
1) If an access road was constructed from North Grebo to Zwedru, it would cross further 

timber concessions and rich agricultural areas, and 
 
2) if a road was constructed to link the two highways south of the Putu range. 
 
Core Veneer Timber in Area E3 
 
Planning with respect to timber area E3 should not be concluded without a previous 
investigation as to whether the CVT, of which at least 2 million cu.m. of excellent quality are 
available in exploitable locations, could be utilized industrially. To safeguard supply with raw 
materials, cooperation would have to be organized to ensure synchronization of the utilization 
of export timber and CVT. The operation of one or two veneer mills, with an annual capacity 
of a total of 80,000 cu.m. round wood, could then be ensured without any difficulties for at 
least 20 years at highly favourable prices, obtaining round wood of good quality. Products 
could be shipped via the port of Greenville at favourable transport conditions. 
 
It should further be investigated, as to whether this core veneer timber of area E3 could also 
be processed into plywood, in combination with the Tetraberlinia veneer from the Krahn-
Bassa-Sapo area (Timber area El). Technologically speaking, this would constitute a very 
good combination; also in terms of transport conditions such a project appears to be feasible. 
 
The Tetraberlia Problem 
800 sq.km. of exploitable forest are located in the south-east of the country, in timber areas 
El-3. This is the major portion of the Krahn-Bassa and the Sapo National Forests, and some 
unprotected High forest residues. Special efforts, initiatives and coordinated measures taken 
in close consultation of government and business enterprises will be required to utilize these 
rich timber resources. For they do not consist of conventional merchantable timbers; rather 
they are something novel for the world market, and suitable only as raw material for industrial 
mass products, for example for industrial veneer, particle board and pulp The optimum 
utilization of these raw materials will succeed only if they are processed on the spot in south-
eastern Liberia, as only in this way the exploitation of the forests of El could be taken up and 
the stock of export timber located there - mostly Tarrietia - exported as sawn lumber. 
 
Utilization problems, for these reasons, are basically different from those of the other timber 
areas. 
 
These industrial opportunities are entirely new for Liberia. On the other hand, they are also 
very promising. 
 
Over 10 million cu.m. MTP of round wood are available for such an integrated project, and a 
further 1.6 million cu.m. of smaller diameters of Tetraberlinia would be available for pulp and 
particle boards, excluding over 3 million cu.m. of heavy construction timber. Apart from the 
good technological properties of the main species, and their great volume and quantity, this 
project recommends itself by favourable transport conditions: viz, the all-weather road, the 
close vicinity of the port, and the small area from which substantial quantities of timber can 
be exploited. 
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The prerequisite for the optimum exploitation of forest area El will be a centrally controlled 
exploitation by one company or entrepreneur of great standing and resources. If, on the other 
hand, the forest areas were broken down into lots and offered to several companies, the 
standing stocks would not be sufficient for large-scale operations, as is the prerequisite for 
modern industrial operations. 
 
The exploitation of timber area E2 which neither has the advantage of rich export timbers nor 
of Tetraberlinia, should be combined with the project of areas El and E3. This would result in 
optimum and most profitable exploitation of the timber stocks - which partly consist of export 
timber, partly of saw timber. Transport conditions for this area are particularly good, and the 
expenditure for secondary roads would be very small. This would facilitate integration. 
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6 THE NATURAL REGENERATION OF FORESTS 
 
The nature of the regeneration of forests is closely associated with their exploitation. Forestry 
methods may aim at only promoting natural regeneration, or at introducing new species of 
timber in addition. Reference is made here to the specialized literature on the subject of the 
introduction of new species of timber. 
 
The forests meeting the climatic requirements of new timber species best could be selected on 
the basis of climatic charts (cf. Table 3, Map 2). 
 
The following section is to investigate briefly the question of natural regeneration of forests, 
to the extent that we can judge these matters based on the results of our studies. 
 
At the outset it has to be stated that this investigation was difficult, because we could not 
follow the changes in forest structure on one area in the course of time, but had to try to 
imagine what the individual development phases were like on the basis of parallel 
investigations of stocks of different age. In this context it is interesting to establish which 
forest structure can be expected to exist and develop after logging, but also as to how the 
formerly farmed areas now protected as forest reserves - which, as described, cover a 
considerable proportion of surface area - will develop in future. The two questions can be 
answered in combination, for logging and farming will cause the same ecological effect, 
although different in intensity, viz, the thinning out of the Closed High forest. 
 
In the case of farming thinning out will be complete; after logging the degree of thinning out 
will be varying depending on the aim of exploitation: in the case of creaming off of thick 
exportable timber, the stand will be thinned out only sporadically in small areas, and therefore 
for a short time only (timber area E3). In the other extreme, viz. that of a combined utilization 
of exportable timber and saw timber on very large areas, the degree of thinning out will 
almost be that caused by farming. This is the case in particular for Tetraberlinia stands. 
 
By means of Tables 10 and 12 the development of regeneration will be described in the High 
forest apart from that, an outline will be given as to what situation will have to be expected 
after farming. These tables list the most frequent species, broken down by seven species 
groups, with the number of trees combined for DBH 10 - 40 cm., for 40 cm. up to cut limit, 
and over cut limit. 
 
The values for the Evergreen rain forest are shown in Table 10: 
 
- For the Mature high forest in south Krahn-Bassa (part 069), timber area El, from north 

Krahn-Bassa (part 062), timber area E2, as well as from south Kpelle Forest, timber area 
W2. 

 
- For recently farmed land in central Krahn-Bassa, timber area E1/2 (part 064). 
 
- For formerly farmed land likewise from part 064 of Krahn-Bassa. 
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6.1 Reproduction in the Mature High Forest 
 
It had already been indicated in Graph 6 that in nearly all species groups - with the exception 
of group 5 - trees of the reproduction class (DBH 10 - 40 cm.) are much more numerous than 
mature trees (above 40 cm. DBH). For the economically important species group 1, as well as 
3/4, the ratio is approximately 2:1. As only a portion of mature trees will be exploited - viz, 
trees over cut limit - the number of trees remaining for the next generation after exploitation 
will be even greater. This will neither change substantially, if the damage caused to 
reproduction by felling and skidding is accounted for. 
 
With one important exception, therefore, in both vegetation zones a major proportion of 
Mature high forest will consist of species of a reproduction rate. For the Evergreen rain forest 
of the south-east timber areas El and E2) above all the following species have to be listed in 
this respect: 
 
Species group 1: Tarrietia and Lovoa. 
Species groups 3/4: Daniellia, Didelotia, Tetraberlinia, Beilschmiedia, Calpocalyx, 

Gilbertiodendron, Hannoa and Cassipourea. 
Species group 5: Cynometra. 
Species group 6: Dialium, Monopetalanthus, Parinari and Uapaca. 
 
For the Mature evergreen forest of the north-west (W1 and W2), apart from most species 
mentioned as typical for the south-east, a number of species have to be added that have the 
same growth rhythm and are particularly common in most areas: Chrysolphyllum, 
cryptosepalum, Lophira and Erythrophleum. 
 
In the Mature high forest of the Moist semi-deciduous forest the following species have a 
large number of trees of the reproduction class compared to the number of mature trees: 
 
 
Species group 1: Tarrietia. 
Species group 3: Beilschmiedia, Chrysophyllum, Funtumia, 

Hannoa. In the Nimba region also Calpocalyx 
and Mamea, in Norma-Lorma Nesogordonia. 

Species group 5: Lophira, in North-Lorma also Oldfieldia as 
well as Erytrophleum. 

Species group 6: Combretodendron, Dialium, Parinari and 
Uapaca. 

 
These very common species form the essential part of the overstorey of the mature forest, but 
partly also grow as emergent trees; diameter distribution (number of trees per diameter class) 
can be plotted as a curve, the maximum of which is in the range of smaller diameters, viz, 
mostly under 10 cm. DBH. From this point the number of trees of larger DBH declines very 
rapidly. At the very same ratio, however, the trees grow into the overstorey. They reach this 
height at a very early-juncture, while still of a very small diameter, i.e. between 10 and 30 cm. 
DBH. If the forest is not disturbed by logging or farming - destruction by elephants may in 
some places have the very same effect - the forest will essentially retain this natural structure. 
 
Tetraberlinia and Tarrietia are particularly typical for this form of growth rhythm. Their 
diameter distribution has already been described earlier. The basic form of distribution 
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remains the same for Tarrietia, no matter whether it grows in the Evergreen forest or in the 
Moist semi-deciduous forest. Table 11 indicates for Tetraberlinia of the High forest in east 
Sapo and High forest in the Nimba area the diameter distribution of the species groups and of 
the total forests (number of trees per sq.km.) for comparison. The two raws of figures show 
the very same basic trend of distribution. 
 
This form of distribution of the number of trees, however, does not apply to all species, and 
neither to all types of High forests. It does not apply, in particular, to the following species 
predominantly growing in clusters: Chlorophora, Terminalia superba et ivorensis, 
Triplochiton, Ceiba, Pycnanthus. The optimum occurrence of these intolerant species of 
timber is located in the drier parts of the country; in the vicinity of the coast they will be 
found, if at all, only on formerly farmed forest-land. But even in their optimum, i.e. in the 
Moist semi-deciduous forest, they will occur in major concentrations only if and when the 
forests have been thinned out substantially in the past. Otherwise we find them only as single 
trees or in small groups on former areas disturbed by wind damage, on rocky patches or as 
single trees in natural low bush or in what are known as elephant farms. 
 
It is a well-known fact, corroborated by our own findings, that in rich mature stands formed 
by such species in clusters, there is either no reproduction at all, or one much lower than that 
of mature trees of other stands. 
 
Within the mature stands of such intolerant species reproduction conditions, therefore, differ 
entirely from those of the Mature high forest in other areas of vegetation, and they can in 
particular not be compared with the different single dominant stands of tolerant species in the 
Evergreen forests. 
 
Unless man intervenes, it cannot be expected that after an exploitation of such stands the 
forest of the future will have an equally high share of economically valuable species. 
 
 
6.2 Development of Regeneration after Farming 
 
The variations in growth rhythm between intolerant and tolerant species of timber will 
become particularly clear in the regeneration phases after farming. Two factors have to be 
outlined to appreciate this situation: 
 
- Intolerant species will be favoured by thinning out. As in the Moist semi-deciduous forest, 

the intolerant species have a relatively high natural share, and as they have a vigorous 
vitality there, their regeneration is particularly promoted by thinning out, so that the general 
appearance of the forest in the subsequent Mature high  forest period after such intervention 
may undergo major changes. The Evergreen forest, with its smaller number of intolerant 
species of timber, therefore, remains relatively stable; this all the more so, the closer the 
forest is to the coast. A number of characteristic changes in species composition, however, 
will also occur there: 

 
- The tolerant timber species which generally form the main stand in the High forest, after 

farming will settle relatively slowly and will regain their former frequency of occurrence 
only gradually in a slow process. While their reproduction is stronger in the case of 
formerly farmed land and of intermediate forest than in the High forest, the total number of 
trees is not higher (cf. in this connection, for example, Tarrietia in the Nimba Forest, shown 
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in Table 12). Intolerant timber species, on the other hand, reproduce much faster by seeding, 
and their number is always much greater than before in the High forest, although there are 
only very few parental trees. Moreover, they have a much faster growth as to height and 
thickness than tolerant species, which makes them exceed the threshold of DBH 10 cm. 
much faster. 

 
These trends become apparent from the data of Tables 10 and 11 which corroborate the above 
description. 
 
Evergreen Forest after Farming 
 
On recently farmed land (up to about 30 years after farming) in the diameter class over 10 cm. 
new species will appear which had not been represented previously in the undisturbed High 
forest, viz. Chlorophora, Terminalia ivorensis, Pycnanthus, Brachystegia, Funtumia, 
Piptadeniastrum, Lateron, Canarium, Lophira and others. 
 
In the first few years after farming, the original main species, on the other hand, are 
absolutely lacking. They will settle on formerly farmed land approximately 30 to 60 years 
after the farming period, and mainly in the diameter class between 10 and 40 cm The mature 
trees indicated in the table are a residue of the original High forest. They are mostly small 
clusters or groups of trees and strips of forest originally left to separate rice fields; due to their 
minor expansion, they could not be distinguished from old farmland in the compilation of 
figures for the purposes of this inventory work. 
 
Moist Semi-Deciduous Forest after Farming 
 
In the north and north-west above all Chlorophora will become emergent after farming. Only 
on such areas will one find younger trees of the Terminalia species, which were absent in the 
High forest. Tarrietia will settle, as in the Ever green rain forest, after several decades: in the 
intermediate forest of the Nimba area, for example, stocks are now amounting to 1,000 trees 
per sq.km. 
 
Reproduction of most species of species group 2 after farming is more intensive than in the 
High forest. In North Lorma the stocks on old farmland are 1,700 trees of the reproduction 
class, while in the Nimba Forest it is only 760 trees per sq.km. In some areas often 
Chrysophyllum and Fagara will be found. Of species group 4 Parkia will be particularly 
promoted by thinning out, and of species group 5 in particular Piptadeniastrum. Lophira has 
not yet grown on old farmland up to the diameter exceeding 10 cm.; but this is the case in the 
phase of the intermediate forest, where it has the highest share in the reproduction of this 
group. Of the species of group 6 above all Bombax and Ceiba, Combretodendron, Dialium 
and Uapaca will be promoted by thinning out. 
 
In farming the regeneration stock will entirely be destroyed through burning entire areas; this 
does not occur in exploitation. For this reason the regeneration process, particularly in the 
Evergreen forest, will be resumed much faster than after farming. Schäfer was able to prove 
for Tetraberlinia in Bomi Hills that despite the very major thinning out, after a few years a 
dense layer of established plants had definitely settled (cf. Report No. 10). 
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And, finally, in Table 13 the reproduction ratios for the High forest on swamps are indicated, 
based on the example of East Sapo. The figures indicate the very same situation as reported 
for the swamps of the other vegetation zones: 
 
- Tarrietia with a total of 1,500 trees per sq.km., whereof 1,200 were reproduction trees; 
 
- Mitragyna with 860 trees, whereof 300 were reproduction trees; 
 
- Uapaca with 1,600 trees, whereof 1,400 were reproduction trees; 
 
- Loesenera with 2,200 trees, whereof 1,300 were reproduction trees (only in that forest area 
does it constitute the main timber species). 
 
This means that the high forest on swamps in all vegetation zones has the diameter 
distribution of an evergreen forest. 
 
Final Summary 
 
Exploitation, although intensive, does not destroy the present species composition with lasting 
effect. Changes will arise mostly in the emergence of’ light-demanding species that are 
economically valuable.  
 
The trees under the cut limit remaining after exploitation would exceed the number of 
removable trees by a multiple. 
 
Also formerly farmed areas will gain a structure in the course of the next decades that is not 
more unfavourable in economic terms than that of the undisturbed High forest originally was. 
 
An exception to this are certain mature stands in the Moist semi-deciduous forest - in 
particular timber area E3 - consisting predominantly of light-demanding species, as 
Tripolochiton, Terminalia spp., Pycnanthus. After an exploitation of such clusters, under 
natural conditions a stand of similar composition cannot be expected. 
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7 WILDLIFE IN LIBERIA 
 
The large undisturbed woodlands especially in the south-east (Grebo, Krahn-Bassa, but even 
Gio and Gbi) and also in the north-west shelter a great number of animal species, mostly 
extincted in the neighbouring countries, as elephants, hippopotami, bongos, leopards, 
chimpanzees, a great variety of monkeys, etc. 
 
The conspicuous animal species we met during field work in the Grebo Forest are listed in 
Report No. 5 and there are also given recommendations for wildlife management. We should 
like to draw attention to this matter once more since without proper management wildlife will 
diminish considerably, esp. when exploitation is coming to the forest. 
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