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ABSTRACT 

In the past 15 years, finding fuelwood has become 

a physical and economic burden to Sahelians inhabiting 

both rural areas and urban centers. This has led to a 

poor manls energy crisis, the scope of which is reviewed. 

Increasing demands on fuelwood have had negative socio-

economic effects. 

Non-commercial substitutes of fuelwood, though 

widely used, are not keeping up with demands. Commercial 

energy sources are not affordable due to their high cost. 

Overall, it is concluded that the substitute for wood is 

wood. 

So far, fuelwood plantation projects in the Sahel 

have suffered from a noticeable lack of economic and 

financial analysis. Popular investment decision criteria 

in forestry management are presented and evaluated. Given 

a eucalyptus growth function, current market prices, 

production costs, and interest rates, a model has been 

developed to solve for the optimal rotation age. The 

results showed that fuelwood plantations could be finan-

cially feasible. Site quality and interest rates are 

important in determining the size of the optimum criterion 

X
·' " 
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as evidenced by the sensitivity analysis performed. The 

paper surveyed a few econometric studies dealing with wood 

products. Based on the linear and double-log static 

models, consumption functions for fuelwood demand projec

tions have been derived for seven countries of the Sahel. 

Based on these equations and different statistical tests, 

it was found that population is the single most important 

factor determining fuelwood consumption in the Sahel. 

Another significant variable is the woodland area. Income 

as represented by GNP did not have any effect on fuelwood 

demand. 

On the basis of these findings and the overall 

study, the following measures are recommended: 

1. Population control should be implemented as a 

high priority to help curb the increased and increasing 

fuelwood demands; 

2. More plantations should·be undertaken to in

crease the exhausted supplies. Meanwhile, the management 

of existing natural forests along with the introduction of 

affordable fuelwood substitutes should be implemented. 

3. More leadership is needed to involve the local 

people into development projects. 



CHAPTER 1 

INTRODUCTION 

The majority of the population in virtually all 

the Sahel relies on fuelwood and charcoal to meet the bulk 

of their energy needs. In most countries, that majority 

is between 60 and 90 percent. As the wood becomes scarce, 

Sahelian inhabitants face an energy crisis within their 

confines. Until the mid-1970's, the firewood crisis was 

largely ignored by Third World governments and inter

national aid agencies alike (Eckholm et ale 1984). More 

recently, wood fuel scarcity has become a major topic of 

concern. For our purpose, fuelwood is a general term that 

refers to firewood and charcoal. 

Throughout the region, a rise in population and 

the rapid disappearance of the forest resources have 

caused a growing imbalance between consumption and avail

ability. The direct results are seen in rising wood 

prices, a growing drain on income and the increasing 

expenditures of physical energies to satisfy basic fuel 

needs. The heavy use of fuelwood, in addi t·ion to over

grazing, improper agricultural practices and natural 

causes is increasing the spread of desert in many areas. 

1 
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The consequences of firewood scarcity go beyond the eco

nomic burden of the poor peasant in a particular village. 

The accelerating degradation of woodlands throughout 

Africa, Asia and Latin America, caused in part by fuelwood 

gathering, lies at the heart of the profound challenges to 

environmental stability and land productivity: accelerated 

soil erosion, increasingly severe flooding, creeping 

deserts and declining soil fertility (Eckholm et ale 1984). 

Fuelwood has become an increasingly marketed good, 

the price of which has risen substantially, making its 

purchase a major expense in household budgets. Alter

native substitutes for fuelwocd are either expensive or 

experimental. Sahelian countries will rely heavily upon 

good management of their.natural forests or plant large

scale reafforestation programs to meet their energy needs 

in the near future. 

Thus, fuelwood resources can be created or replen

ished by growing suitable tree species for the purpose. 

Since the inputs are predominantly land, labor and time, 

fuelwood plantations may enable rural plantations to gen

erate fuel supplies on acceptably low cash costs. So far, 

it has been recognized that little work has been done on 

the socioeconomic costs and benefits of fuelwood planta

tions. 
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Despite the recent modern quantitative economics 

techniques developed, knowledge about local cuttings and 

forest trends, and above all understanding the complex 

interrelations of demand variables, are still lacking in 

the Sahel. In fact, throughout the Third World, such 

studies on fuelwood problems are limited, if not nonexis

tent. There is an urgent need to determine variables that 

cause shifts in fuelwood demand functions. An understand

ing of the relative importance of the factors:influencing 

fuelwood demand would aid Sahel ian policy makers, particu

larly at a time when substantial investment in the energy 

crisis is considered. 

It follows that the objectives of this study are: 

--to describe the fuelwood status in the Sahel as 

it is presented in the literature; 

--to review the impacts of the alternative substi

tutes for wood fuels; 

--to investigate a methodology for evaluating the 

financial returns of fuelwood plantations; 

--to propose some consumption functions for 

projection demands; and 

--to analyze the prospects of the wood energy 

crisis in the future through some policy recom

mendations. 



Chapter 2 briefly describes the Sahel as a region 

in terms of the physical, demographic and socioeconomic 

characteristics. The scope of the fuelwood problem is 

discussed in Chapter 3. This .mainly relates to the 

importance of forest and forest products to the local 

people, the wood energy crisis, some indications on the 

fuelwood consumption, and harvesting and collection 

methods utilized by the gatherers and wood fuel markets. 

4 

The socioeconomic implications of fuelwood gather

ing are presented in Chapter 4, with price increase, 

impacts on other domestic activities and overall economy 

as the subheadings. Chapter 5 summarizes the environ

mental impacts of the fuelwood harvesting. The assessment 

of fuelwood substitutes is introduced and analyzed in 

Chapter 6. It makes the point on the situation of pos

sible alternatives, from cow dung to solar energyo 

Chapter 7 deals with the economic and financial 

feasibility of fuelwood plantations. The criteria for 

investment decisions in forestry, the application of the 

decision makings under some assumptions and a sensitivity 

analysis are appraised. 

Chapter 8 surveys relevant literature as a back

ground for my data analysis on fuelwood demand functions. 

Chapter 9 presents the models underlying this analysis, 

and defines and explains the variables introduced in the 



regression equations. The empirical results are reported 

and evaluated in Chapter 10. 

5 

Chapter 11 suggests policy implications and recom

mendations based on the overall paper. Finally, Chapter 

12 summarizes the paper and gives some concluding remarks. 

Included in the Appendix is data underlying my analysis as 

well as the -financial outputs of my economic model. 



CHAPTER 2 

STUDY AREA 

The Sahel, an Arab word meaning coast, or by 

extension an edge or border, extends between the Sahara in 

the north and the Sudanic Zone in the south. Eastward, it 

covers the areas from the Atlantic Ocean to the Red Sea. 

The Sahel proper comprises nearly 5.18 square kilometers 

(km2 ) of land and contains a population of over 60 million 

people. For various people, the word "Sahel" has become a 

synonym for environmental degradation following the 

droughts in the arid and semiarid zones of West Africa in 

the 1970's and 1980's. In this paper, the term Sahel will 

be used specifically to refer to the eight member states 

of the Permanent Interstate Committee for Drought Control 

in the Sahel (CILSS). The states include Cape Verde, 

Senegal, The Gambia, Mauritania, Mali, Burkina Faso (for

merly Upper Volta), Niger and Chad (Figure 1 and Table 1). 

To better situate the Sahel within the West Afri

can physical and socioeconomical setting, a description of 

the Sahel is given in this chapter. This description will 

comprise the physical, demographic and socioeconomic 

characteristics of the study area. 

6 
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Figure 1. The West African Sahel (NAS 1984) 
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Table 1 

The Sahel: Population Summary 

Birth Death Estimated 
Mid-1979 Rate Rate Population 
Population Growth per per in 2,000 

Country (millions) Rate (% ) 1,000 1,000 (millions) 

Mali 6.40 2.0 52 30 11.30 

Mauritania 1.60 2.0 45 27 2.30 

Niger 5.40 2.8 56 29 9.60 

Senegal 5.50 2.6 47 24 8.20 

Upper Volta 6.70 2.2 50 28 11.00 

Gambia 0.58 2.7 49 29 .85 

Cape Verde 0.33 2.1 29 8 .43 

Chad 4.50 2.3 49 28 .69 

Source: Thomas, liThe Sahelian/Sudanian Zones of Africa 
Profile of a Fragile Environment" (1981) 

Physical Characteristics 

Climate 

The overriding environmental factor in the identi-

fication of the Sahel region is climate, particularly 

rainfall. Rainfall distribution patterns are irregular in 

time and space. The rainy season generally lasts from 

July to October, with an average of 24 rainfalls, 10 to 12 

of which occur in August (NAS 1983). Figures 2 and 3 show 

:'.··· .. ·.'!·.i· ... ' 



mean annual precipitation and associated vegetation types 

in the Sahel. Aridity prevails during the cooler season 

and is most pronounced from December to February 

(Nicholson 1982). 

200 mm 

400 mm 

9 

750 mm 

1000 mm 

1400 mm 

1800 mm 

Figure 2. Mean Annual Precipitation (NAS 1983) 
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Figure 3. Vegetation Zones (NAS 1983) 

To better understand the seasonality and the rapid 

transition from subtropical aridity to the humid tropics, 

it is important to look at the winds and general atmos-

pheric circulation systems that affect the region, 

especially the subtropical high pressure zone and the 

intertropical convergence zone (ITCZ). The former is 
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associated with aridity, the latter with rainfall: 

together, they form part of a major feature of the atrnos-

phere's tropical circulation, a cell of vertical air 

motion called the Hadley circulation (Nicholson 1982). 

This cell consists of rising air near the Equator (near 

the ITCZ) and sinking motion in subtropical latitudes (the 

subtropical highs are about 300 latitude) (Figure 4) • 

. -....... 

" 

RAINF~LL ~ 

Figure 4. Global Pressure and Wind Systems, Rainfall, 
and the Hadley Circulation (NAS 1984) 

During the Northern Hemisphere summer, the ITCZ 

moves north, bringing a short season of rainfall to the 

Sahel region. Late in the year, it moves southward as 
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high-pressure cells usher in the Sahelian dry season. 

Because the ITCZ is composed of many rapidly moving, 

intense small storms that are sensitive to slight disturb

ances in the atmospheric pressure field, rainfall can be 

variable (Weisburd and Raloff 1985). 

Meteorologists and geographers in the region have 

adapted four major ecological zones, according to annual 

rainfall isohyets, as follows (Thomas 1981): 

- Saharian - less than 200 mm 

- Sahel ian - 200 to 400 mm 

- Sudanian - 400 to 800 mm 

- Guinean - over 800 mm. 

Other authors include transitional zones, such as 

Sahelo-Saharan, Sahelo-Sudanian and Sudano-Guinean. Table 

2 presents the land distribution by climatic zone and by 

country. Figure 5 summarizes the data in Table 2; Figure 

6 shows the land distribution by climatic zone for the 

Sahel as a whole. 

As pointed out by Nicholson (1982), the potential 

for development in the semiarid sub-Saharan margins is 

limited not only by the small amount of rainfall, but also 

by less commonly considered characteristics of the area's 

rainfall. These characteristics include extreme varia

bility in time and space; the tendency for the number of 

below-normal years to exceed the number of wet ones; the 



Table 2 

Land Distribution by Climatic Zone * 

200 mm-
NLC ** 350-360 mm 

200 mm Sahelo- NLC-350 mm Sahelo- 600-800 mm 
Saharian Saharian Sahel ian Sudanian Sudanian 

(% by country) 

Senegal 1.4 11.5 37.5 20.0 
Mali 55.3 11.4 5.8 9.9 5.1 
Niger 65.0 12.2 12.1 9.8 1.0 
Burkina 1.0 4.9 31.9 31.8 
Mauritania 76.2 16.1 5.5 2.1 0.1 
Chad 52.1 7.1 10.4 9.9 13.1 
Gambia 62.8 

Total 55.9 10.5 8.5 10.5 7.1 

66.4 33.6 

26.1 

* 
** 

Climatic zones defined by isohyets with 0.9 probability. 
Northern limit of cultivation. 

Source: World Bank 1985 

800 mm 
Sudano-
Guinean 

30.2" 
12.5 

30.5 

7.5 
37.2 

7.5 

Total 
Area 

(million 
hal 

19.6 
124.0 
126.7 

27.4 
103.1 
128.4 

1.1 

530.3 

100.0 

..... 
w 
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Country 

~~~§§§§~~~~~~~~~~~~ c=J~~~a~!an Senegal ~ Sahelo-Saharian 
~200 mm - NLC 

[======J~~~~lm FX'1 Sahelian Mali ~NLC - 350 mm 

~ __________________ ~~~~~~ ~Sahelo-Sudanian 
~350 - 360 mm 

Niger 
~Sudanian I-________________ ~...:Io-..&.l'-~~~ ~ 600 - 800 mm 

Burkina ~~§§§§~~~~~~~Iilla ~Sudano-Guinean ~ ~800 mm 

Maur' itan la 

Chad 

~ ..... ~ ?",~ ~~ b.~ ~~ ~~ 1~ ~~ o,P ..... ~~ 

Land Area (percent) 

Figure 5. Land Area by Climatic Zones Per Country 
(World Bank 1985) 



Saharian 

Sudano-Guinean 

Sahel1an Sahe lo-Suda,n ian 

Figure 6. Land Distribution by Climatic Zone 
for the Sahel (World Bank 1985) 

occurrence of rainfall in the warm season, when evapora-

15 

tion is greatest: and the persistence of abnormal rainfall 

conditions, such as drought or wet episodes over a multi- . 

year period. The maximum and minimum annual total 

recorded rainfalls at various sub-Saharan stations illus-

trate the extreme interannual variability of rainfall 

(Table 3). Also, due to the extreme variability of 

Sahel ian rainfall, the concept of "mean" or "average" has 

little value for these dry lands. 

The climate is further characterized by high diur-

nal temperature fluctuations and low relative humidity. 

Table 4 gives the peak temperatures (day and night), as 

well as the relative average humidities per season. In 
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addition, the harmattan, a dry northeasterly wind, occurs 

frequently from November through February, causing desic-

cation and wind erosion. Thus, moisture is lost through 

evaporation. Thomas (1981) reported that annual evapo-

transpiration of over 2 meters had been recorded in some 

places. 

Table 3 

Maximum and Minimum Annual Recorded Rainfall 
Totals at Various Stations 

Ecological Maximum Minimum 
Stations Zones (mm) (mm) 

Akjoujt Sahelo-Saharan 219 7 
(Mauritania) 

Saint-Louis Sahel Proper 691 141 
(Senegal) 

Dakar (Senegal) Sudanian 960 120 

Bougouni (Mali) Sudano-Guinean 1,844 750 

C.V.* 

100 

100 

20-30 

15-20 

* c.v.--Coefficient of variation, roughly defines the 
percent variation around the mean that is expected two
thirds of the time (Nicholson 1982) 



Table 4 

Break Temperatures and Relative Ave~age 
Humidity Per Season 

Max. 
Relative 
Humidity, % 

17 

Season 
Months of 
the Year Temp. 

Min. 
Temp. Day Night 

"Cool" dry season Nov-Feb 15-25 40-50 

II Hot II dry season Mar-Jul 

"Rainy" season Jul-Oct 60 95 

Source: NAS 1983 

Water Resources 

Some major water resources that provide year-round 

water and play an important role in the sub-Saharan zones 

are the Senegal River in Mali, Mauritania and Senegal: the 

Gambia River in Senegal and The Gambia: the Niger River in 

Mali, Niger and Burkina Faso: and the Logone-Chari Lake 

Chad System in Chad and Niger. 

The Senegal River, some 1,800 km long with a 

drainage area of about 290,000 square km, is the second 

largest in West Africa and yields an annual average flow 

of over 20 billion cubic meters (Thomas 1981). Recession 

agriculture is practiced all along the river where access 

can be made and soils are suitable for production. 

The Niger Ri ver Basin has an area of about 

1,000,000 km2• The mainstream Niger River is 
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approximately 4,000 km long, but the width of the basin 

varies between 300 and 500 km only (Thomas 1981). The 

hydrologic character of the Niger is a favorable one for 

the hundreds of miles of arid , country through which it 

maintains a perennial flow, and irrigated crops production 

follows this river (Thomas 1981). 

ALFISOLS: Soils with grey to brown surf8ce horizons. 
subsurface clay accumulation and a medium to high 
base supply. 

A2 Udalls. Temperate to hot. and usually moist 
AJ Ustalls. Temperate to hot: dry more than 90 cumu· 

lative days In the year 

2 ARIDISOLS: Desert or saline soils. 
01 Aridisols. Undifferentiated 

3 ENTISOLS: Soils on freshly expo,ed rock or recent 
alluvium without pedogenic horizons. 

E2 Orthents. loamy or clayey texture: often shallow io 
bedrock 

El Pumments. Sand or loamy sand texture 

4 INCEPTISOLS: Moderately developed soils. 
12 Aquepts. Seasonally or perennially wet 

5 OXISOLS: laterites. latosols. 
01 Orthox. Hot and nearly always moist 

II Ul TISOLS: Strongly weathered or podsollc: soils of low 
latitudes. 

UJ Udults. Temperate to hot; usually moist 
U4 Ustults. Warm or hot: dry more than 90 cumulative 

days In the year 

7 VERTISOLS: Soils with a high content of active clays 
which swell when wet and develop deep. wide 
cracks when dry. 

V2 Usterts. Dry and cracked more than 90 cumulative 
days In the year 

Figure 7. Generalized Map of the Soils of the 
Sahelian/Sudanian Zones (Thomas 1981) 
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Lake Chad is unique because of its fresh water, 

quite suitable for irrigation of almost all crops. Thomas 

(1981) indicated that the geographic basin of Lake Chad is 

an extensive, almost circular region, covering some 2.5 

million km2• He further noted that it is a self-contained 

drainage area (except during periods of extreme flood) 

when flood waters from the Logone River escape from the 

basin by spilling over the Gauthiot (formerly MacLeod) 

cataracts in a southwesterly direction into the Kebi River 

and thence into the Benue, a major tributary of the Niger 

River. 

Underground water is another source of water vital 

to the development of the Sahelian zone. Livestock and 

village water is increasingly supplied by "bores holes." 

Most of the Sahel ian countries have baseline hydrologic 

data or are conducting hydrologic surveys to determine the 

potential for further underground water development 

(Thomas 1981). However, little is known about the nature 

of the aquifers themselves. 

Soils 

Figure 7 shows the major soils south of the Sahara. 

OSTROM pedologists have prepared good background soils and 

geologic maps for many individual countries. Berry, 

quoted by Thomas (1981), points out that, in general, the 



t Coastal margin 11 Monl Upland• 21 E~Stern Desert 
2 Low plains 12 Niger end Benue Velleya 22 Nubian Sandstone Oeser t 
3 Senegal Valley 13 Northern Desert 23 Jebel Marra Region 
4 Sandstone plateau• 14 .Adrar des lfor81 24 Low Ooz 
5 Hodh . 15 Regions of Dellole end Wadle 25 Hit Ooz 
8 !Ugou Baaln 18 High Plains 26 Nu 1 Mountains 
1 ~lmbuktu Basin t7 Jos Pleteeux 27 Clay Plelns end Nile Valley 
I 'Sandstone plateaux tl Chad Basin 28 Butene 
9 High plateaux 19 Tlgeme , 29 Red See Hille 

10 Guinea Hlghlende 20 Air 

Figure 8. Regional Map of Natural Vegetation Types 

Source: Thomas ( 1981) 

t Montane grassland. forest end thicket. undiHerentleted 
2 Tropical moist forest 
3 Tropical forest-sevenne mosaic. UndiHerentleted troplcel 

woodlands, savannas end steppes 
4 Relatively moist types 
5 Relatively dry types 
8 Tropical woodlands - Ethiopian type 
1 Tropical wooded steppes end gresslends 
I Desert 

Figure 9. Classification of Environmental Regions 

Source: Thomas (1981) 
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soils in the Sahelian/Sudanian region have developed in 

part in relation to current climatic conditions and topo

graphy and in part are inherited from past climates. 

Most soils are of low fertility, particularly poor 

in phosphates and nitrogen, and structurally fragile with 

low humus content and water retention capacity. Hydro

morphy, hard clay pans, laterization and wind and water 

erosion are all common problems. Natural fertility tends 

to increase from north to south, due to climatic effects. 

Of the 530 million ha of the Sahel, soils are suitable for 

cultivation on only about 60 million ha, of which about 20 

percent was being farmed in the 1970's (~V'orld Bank 1985). 

Vegetation 

Like everywhere in the world, the vegetation com

plex in the Sahelian zone is a product of the variation in 

soils, climate, geology and human and animal activities. 

There are over 1,000 species of grass, forbs, trees and 

shrubs in the region (Thomas 1981). Some characteristic 

vegetation types are shown in Figures 8 and 9. 

The vegetation, composed mainly of shrub and 

thorny formations, is open and scattered. It is believed 

that the "original climax" was probably thorn woodland. 

The many acacias, with their light foliage and thorns, 

always regarded as characteristic, are predominant. 
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Acacia seyal prefers clay depressions, where there are 

often dense stands. A. tortilis subsp. raddiana, which is 

taller, prefers light, dry, sandy soils. A. senegal and 

A. nilotica are sources of gum and grow well on fixed 

dunes. A. scorpiodes (with several varieties) is found in 

profusion on the floodplains of the various streams. 

Thorn shrubs, forming tree steppe, also are char

acteristic. One is Commiphora africana, with a short 

conical stem and swollen base divided near the ground into 

rigid spreading branches. It grows in sandy and rocky 

places. Other shrubs are Balanites aegyptiaca, Combretum 

nigricans and Ziziphus spp. 

The understory of grasses and forbs shows annual 

grasses predominating near the desert, moving to mixed 

annual-perennial grasses and forbs to more perennial tall 

grasses, with more species variation, in the higher rain

fall areas. Typical annual grasses are Cenchrus spp., 

many species of Aristida, Eragrostis tremula, Panicums, 

Andropogons and Pennisetum, which constitute the major 

common perennial grasses. In general, the grasses are 

short, discontinuous and wirey, but much used by cattle, 

sheep and goats. 

There are few areas where the vegetation has not 

been altered by man through heavy grazing, burning, tree 

removal or periodic cUltivation. As indicated by Thomas 



(1981), the most alarming portrait one gets from a study 

of the vegetation complex is the evidence of "continuous 

overgrazing." 

Demographic Characteristics and Trends 

23 

Estimates indicate that about 32 million people 

live in the eight Sahelian countries. Overall densities 

remain low: 6 persons/km2 for the entire area and, 

excluding the Saharan and Sahelo-Saharan zones, roughly 15 

persons/km2 • Densities can reach 100 persons/km2 in some 

areas (World Bank 1985). Population characteristics of 

these countries are shown in Tables 1 (p. 8) and 5. 

Throughout the region, growth rates are high, 

ranging from 2.0 to 2.8 percent per year. Population 

growth rates between 1980 and 2000 are expected to be 

about 3 percent annually. On this basis, the area will 

have 75 percent more people by the year 2000, or 54 

million inhabitants. In 1961, by contrast, the population 

was 19 million (World Bank 1985): this implies that for 

the area as a whole, the population will double in about 

30 years. 

Recent demographic studies indicate a continuing 

rural to urban migration pattern, although 50 percent of 

the population is still classed as rural (Thomas 1981). 

As quoted by Thomas (1981), Cohen reports that the urban 

population of the Sahel is expected to triple between 1975 

..... _, '.', 
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Table 5 
Current and Projected Population Growth Rates 

1970-80 
Average 1980-
Annual 2000 
Growth Projected 

%·0£ Rate of Popu-
Surface Popu- Urban Urban lation 
Area lation Densi~y Popu- Popu- Growth 
(m~l. (mil. ) (#/km ) . lation lation Rate 

Country kID) ---Mid-1980---- -1981- (%) (% ) 

Mauri-
tania 1.0 1.5 1.5 24.0 8.6 3.1 

Mali 1.2 6.7 5.6 19.0 5.5 3.0 

Niger 1.3 5.5 4.2 13.0 6.8 3.2 

Chad 1.3 4.5 3.5 19.0 6.5 2.3 

Senegal 0.2 5.7 28.5 34.0 3.3 2.9 

Gambia (lO~OOO 0.6 60.0 19.0 5.0 2.8 
kID) 

Burkina 0.3 6.2 22.1 11.0 3.8 2.6 

TOTAL 5.3 30.7 5.9 22.0 

Source: World Bank 1985 
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and 2000. Urban population growth rates reveal an even 

more volatile situation. Urban populations averaged 22 

percent of national populations in 1981, but urban popula

tions now grow at an average rate of 15 percent annually. 

Mauritania has experienced an 8.6 percent urban population 

grow'th rate in recent years (World Bank 1985). Herders, 

who once were predominantly nomadic, tend to settle around 

permanent sources of water in villages and even in towns 

(NAS 1983). Thus, most of the population increase in the 

urban areas has come about due to the migration of rural 

population. Furthermore, many young people are leaving 

the Sahel to try to make a living in urban centers. This 

exodus is severely draining the area of capable manpower. 

The area is inhabited by a large number of tribal 

groups that differ markedly in social and cultural traits 

(Table 6). Some of these ethnic and tribal groups cover 

areas that overlap more than one country. Examples are 

the .Fulani in Senegal, Mali, Niger, Burkina Faso, Chad and 

Mauritania~ the Moors in Senegal, Mauritania and Ma1i~ and 

the Touareg in Mali, Burkina Faso and Niger (Thomas 1981). 

The number of spoken languages in these countries is as 

abundant as the number of ethnic groups. Nevertheless, 

the lIofficial ll languages of the Sahel African countries 

are French, English, Portuguese and Arabic. 



country 

Chad 

Mali 

Niger 

Mauritania 

Senegal 

Burkina
Faso 

Table 6 
Ethnic Groups, Main Religions 

and Official Languages 

Main Ethnic Groups 

Sara, Bornou, Kaba
leye, Kotoko, M'Boum 

Bambara, Peulh, 
Senefo, Sarakole, 
Touareg, Dogon, 
Sonhrai 

Haoussa, Djerma, 
Sonhrai, Peulh, 
Touaregs, Berbers 

Pular, Moors, Soninke, 
Wolof 

Wolof, Serer, Peulh, 
Toucouleur, Jola, 
Mandinque, Soninke, 
Manjaque 

Mossi, Gourounsi, 
Gourmantche, Bobo, 
Senoufo, Peulh 

Main 
Religions 

Animism, 
Islam~ 
Christian 

Islam, 
Animism 

Islam, 
Animism, 
Christian 

Islam 

. Islam, 
Christian, 
Animism 

Islam, 
Animism, 
Christian 

Source: Appalo 1981 and various documents 

Socioeconomic Characteristics 
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Official 
Language 

French 

French 

French 

Arabic, 
French 

French 

French 

The countries of the Sahel are among the poorest 

in the world. Most of the inhabitants exist at a subsis-

tence status and are essentially outside the monetary 

economy. Since 1967, per capita grain production has been 

declining; so has per capita income (Brown and Wolf 1985). 
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At an April, 1985, meeting of the Economic Commission for 

Africa, the African ministers responsible for economic 

development and planning observed that "as a result of 

sluggish economic growth and high rate of population 

growth, per capita income, which was growing at negligible 

rates during the seventies, has consistently declined 

since 1980 at an average rate of 4.1 percent, and average 

per capita income is between 15 and 25 percent less than 

15 years ago" (Brown and Wolf 1985). 

The majority of the population lives in rural 

areas. A large part of the national income is generated 

in agriculture. National revenues depend largely on raw 

materials exports whose prices fluctuate considerably in 

the world market. Industries are small or nonexistent, so 

that most manufactured products are imported. Population 

grows rapidly and agriculture stagnates, creating a severe 

balance of payment problem (Appalo 1981). Historically 

and culturally, the Sahel was once one of the most impor

tant regions in all of Africa (Du Bois 1973). Today, the 

countries that comprise the Sahel are, for the most part., 

extremely poor and underdeveloped. Their known natural 

resources are few and are often too remote or costly to be 

exploited. 

The Gross National Product on a per capita basis 

in the eight countries is shown in Table 7. Senegal has 



28 

the highest level of income per capita, with the lowest in 

Mal i. Li teracy rates in the region range from a low of 

about 2 percent in Maii to about 27 percent in Cape Verde. 

Table 7 

The Sahel: Economic and Social Summary 

Country 

Cape Verde 

Chad 

Gambia 

Mali 

Mauritania 

Niger 

Senegal 

Upper Volta 

GNP 
Per 
Capita 
(1976 $) 

260 

120 

180 

100 

340 

160 

390 

110 

Literacy 
Rate (%) 

27 

14 

10 

2 

11 

6 

6 

11 

Percent 
Labor 
Force in 
Agriculture 

59 

91 

84 

91 

85 

91 

76 

89 

Expectancy 
(Years) 

50.0 

38.5 

60.0 

38.0 

38.5 

38.5 

40.0 

38.0 

Source: Thomas, liThe Sahelian/Sudanian Zones of Africa 
Profile of a Fragile Environment" (1981) 

The type of agriculture practiced varies signifi-

cantly. from north to south. In general, the inhabitants 

of the arid northern region engage solely in nomadic 

husbandry. Those of the sub-desert and Sahel zones engage 

in transhumance animal raising, moving animals northward 
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to southward. From the Sahel zone on southward, wherever 

arable land exists, sedentary farming is practiced. 

Over the study area, the staple food crops are 

being produced almost entirely for SUbsistence consump

tion. The chief staple food crops are millet and sorghum, 

followed at some distance by beans (cowpeas), maize and 

sweet potatoes. Drought-resistant sorghum and millet are 

the only rain-fed staple food crops that can be grown 

"satisfactorily" with the low and erratic rainfall, 

coupled with poor soil conditions over most of the area. 

Rice is much appreciated in the area, and its cultivation 

is extending rapidly. Crop production serves as the 

"number one" source of employment (Thomas 1981). 



CHAPTER 3 

SCOPE OF THE FUELWOOD PROBLEM IN THE SAHEL 

Since the first shock of the "oil crisis" in 1973, 

which heightened world sensitivity to various energy con

cerns, including that of rural energy, much progress has 

been made toward understanding the critical issues facing 

the rural and urban areas of the developing countries 

(Bajracharya 1983). Contrary to the patterns in the 

industrialized countries, energy consumption in the 

developing countries is derived overwhelmingly from "non

commercial" sources, such as fuelwood, animal and crop 

residues. 

In rural areas, people use little or no commercial 

energy, relying solely on biomass fuels (Goodman 1983). 

In fact, Goodman said that many millions in rural areas 

rely entirely on inefficient hearths or stoves burning 

firewood, charcoal, crop wastes or dung for cooking, heat

ing and even lighting. 

Perhaps nine-tenths of the world's poor depend on 

fuelwood to cook their food and heat their homes;--and 

there is no indication that the proportion will decline 

(Fleuret and Fleuret 1978). Openshaw (1974) stated that 

30 
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about 80 percent of all households in developing countries 

use fuelwood as their primary source of energy and that 

local industries in these areas use it as well. According 

to Eckholm (1975), wood users constitute over one-third of 

the \>Iorld's people. Howe (1977) argues that "better than 

95 percent of Africa's rural energy still comes from 

traditional noncommercial energy sources: human muscle 

power, firewood and, in some regions, animal traction. In 

Africa alone, this population of rural users is over 300 

million people. 

Fuelwood has been getting more difficult to obtain 

in both rural and urban areas in many developing coun

tries. Increasing populations are using more and more 

fuelwood than ever before. In many cases, the carrying 

capacities are already exceeded (Table 8). The obvious 

consequences are deforestation and degradation of large 

areas of lands. This situation prompted Edouard Saouma 

(1981), the General Secretary of the UN FAO, to note that, 

ironically, the Malthusian nightmare threatens to become 

reality in respect not to food but to the fuel for its 

preparation. 
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Table 8 

Carrying Capacity of Natural Forest Cover 

Accessible 
NFC Growth* Demand** Sustainable Population 

(m3/ 
head/ 

32 

year) (million) 
(N'2./ 
km) (rounded) 

Saharan 

Sahelo
Saharan 

0.01 

0.01 

Sahelian 0.4 

Sahelo
Sudanian 6.5 

Sudanian 13.8 

Sudano
Guinean 14.1 

Total 

0.03 

0.01 

0.2 

3.6 

5.2 

5.6 

14.6 

0.5 0.06 0.02 

0.5 0.02 0.04 

0.3 0.7 

0.6 6.0 10.9 

0.7 7.4 19.6 

0.8 7.1 

20.8 

* Expressed per km2 of total area of the zone. 

1 

10 

20 

20 

** The demand figures already reflect some energy 
substitution since crop and animal residues, kerosene 
and gas have to some extent replaced fuelwood. 

Source: World Bank 1985 

Importance of Forest and Forest Products 
to Sahelian Inhabitants 

To appreciate the fuelwood problem in the Sahel, 

it is important to be reminded of the role of use of trees 

and their products in the Sahel ian subsistence system. In 
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the Sahel, there are hundreds of species of trees and 

shrubs that are used in a variety of ways: for food, 

fodder, firewood and building poles, fiber for cordage, 

tannins, dyes, stains, and inks, gums, resins and waves, 

poison and antidotes, and drugs for medicinal and veteri

nary purposes (NAS 1984). Many browse species bear 

fruits, leaves and other edible substances: some species 

serve as sources of revenue through the sale of gum, honey 

and other collected products. For further information on 

this subject, readers are· referred to an article by Gunnar 

Poulsen, entitled IINon-wood Products of African Forests ll 

in Unasylva, 1982. 

Trees and shrubs are important sources of raw 

materials in the Sahel, since few others are available. 

Wood, in addition to firewood, ranks first: it is used in 

almost every aspect of daily life. Of these many uses, 

traditional building, fencing and production of agricul

tural and household implements and furniture are most 

important (NAS 1983). Utility wood (predominantly poles, 

small logs, branchwood for roofing or thorny brushwood for 

fencing) is obtained through single tree utilization. 

In addition to wood, many other products from 

trees and shrubs are used locally and are even exported. 

The best known product is gum arabic from the Acacia 

senegal. The produce harvested from the Acacia senegal 
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tree is a valuable cash crop indeed. It provides addi

tional income to some people who struggle to survive under 

harsh environmental conditi.ons (Poulsen 1982). It also 

could bring welcomed foreign exchange to central banks. 

Many local sauce and stew recipes call for substantial 

amounts of leaves from various local trees such as 

Adansonia digitata. Thousands of tons are harvested 

annually, processed, dried and transported for some dis

tance and sold to various markets. 

Natural stands of trees and shrubs always have 

played a supportive role for both pastoralism and agricul

tureo Forest vegetation benefits wildlife and livestock. 

Both yield products satisfying human needs, such as meat, 

milk, eggs and many more. Woody plants play a subsidiary 

role; trees are lopped, and leaves and pods are collected 

as additional fodder (NAS 1984). Leaves of trees and 

bushes sprout 6 to 8 weeks prior to the arrival of rain, 

supplying a valuable protein source at the time of great

est forage scarcity. Le Houerou, cited by the National 

Academy of Sciences (1983), has suggested that under pre

vailing conditions, up to one-third of all forage could be 

supplied by trees and shrubs. Leaves and fruits account 

for about 5 percent of average livestock fodder needs 

during the rainy season and up to 45 percent toward the 

end of the dry season. Their importance, however, is not 
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only to be measured in kilograms of available dry matter 

but, more importantly, in terms of fodder quality {e.g., 

content of digestible proteins, minerals and vitamins}. 

Trees and shrubs of the Sahel have, as noted above, played 

a significant role in livestock management. Furthermore, 

in the regions unsuitable for conventional animal hus

bandry, IIbush meat ll {antelopes, rabbits, and other 

rodents}, is often of immense importance. Over large 

areas of the Sahel, particularly in the sub-humid regions, 

people get most of their requirements for animal protein 

from this source {Poulsen 1982}. 

Trees also are integrated into the soil-conserva

tion activities. They provide cover, protection against 

wind, and improve the microclimate. Furthermore, leaves 

and other litter fall to the ground and resupply the soil 

with nutrients and organic matter. Not only do they 

contribute to the soil conservation and improvement and to 

the ecological balance, but they also play an important 

role in providing food, fuel, fiber, pharmaceutical 

products, economic products such as gum and honey, and 

many other items. Trees provide the necessary shade 

highly valued because of intense heat. They provide shade 

for the family compounds, for school buildings and for the 

market place. Forests and trees provide wood for building 

poles, furniture, roof timbers, fencing, household 
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implements and many other uses (World Resource Institute, 

World Bank and UNDP 1985). In summary, the importance of 

forests and trees in the Sahelian setting extends far 

beyond their value as a source of fuelwood. 

Energy Crisis in the Sahel 

Observers of the energy situation in the develop

ing countries are in agreement on one point: there is an 

energy crisis in the rural and urban areas of the develop

ing countries. As indicated by Arungu-Olende (1984), this 

critical situation has been building slowly over many 

years, long before the oil crisis, and is sometimes 

referred to as the "second energy crisis"--a misnomer, for 

in reality it was the first energy crisis. The crisis 

stems in part from the fact that developing countries have 

been consuming their rural energy supplies much faster 

than these can be renewed, he said. 

By most standards, the depletion of fuelwood is 

one of the graves'i:. problems facing the developing world. 

As part of the work carried out by the Forestry Di vision 

of FAO in preparation for the UN Conference on New and 

Renewable Sources of Energy, a systematic global survey of 

the fuelwood-position in all the major developing areas of 

the world was undertaken. Areas of acute scarcity, in 

which people do not have enough fuelwood to meet their 

needs, were identified. ~Ieas of acute scarcity include 



much of the Sahel and the savanna area of East and 

Southern tropical Africa (Foley 1983). 
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The three basic human needs are food, clothing and 

shelter. One cannot think of food and shelter without 

wood, which is a more basic need. The famous Indian 

forester, Chakravarti, quoted by Eckholm (1979), was right 

when he said that, in fact, the production of food grains 

without the means to cook them and make them edible would 

appear to be a half-hearted attempt at achieving freedom 

from hunger. The fuelwood shortage in the Sahel should be 

viewed with that truth in mind. 

Wood fuel (charcoal and firewood) has been a 

source of fuel for Sahel ian people for many years. Fuel

wood, namely firewood and charcoal, fulfills 90 percent of 

the domestic energy needs of tropical vlest Africa, with 

animal and plant residues accounting for most of the . 

remaining 10 percent (Gorse 1985; Barnes 1985). Neverthe

less, the current scale of fuelwood use is unprecedented, 

and the increased demand for the resource has led to 

scarcities in all the countries. In most countries, con

sumption of wood fuel e~ceeds the mean annual production 

of forests and tree cover that is economically accessible; 

hence, forests and dispersed tree cover are being substan

tially and continuously diminished (Newcombe 1985). 
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Severe shortages of fuelwood already afflict many 

areas. In many areas, within 15 to 30 years, the majority 

of the population will have to find energy sources other 

than wood it either collects or produces (Shaikh and Karch 

1985). In the arid and semiarid areas of Africa, the 

available wood supplies are not sufficient for present 

needs. Therefore, people have to rely on inferior substi

tutes such as dung and whatever other vegetable matter is 

available (Wionczek et al. 1982). Today, a number of 

nations face serious deforestation, both around urban 

centers and in rural areas. This deforestation not only 

makes fuelwood increasingly inaccessible, physically and 

financially, to the poor majority, it also threatens the 

viability of rural producing systems by reducing soil 

fertility, increasing the loss of topsoil, creating 

greater threats of flooding, accelerating the process of 

desertification, and, in some cases, even fostering 

adverse climatic changes (Ellis 1982). 

The specter of massive deforestation and acceler

ating soil erosion as a result of fuelwood harvesting 

should trigger widespread concern. Unfortunately, the 

tragic famine caused by recurrent droughts in parts of the 

Sahel and the urgent need to develop food production have 

overshadowed the other important problem, namely, the 

chronic shortage of fuelwood with the rapid depletion of 
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the countries' tree cover (World Bank 1985). The wood 

fue 1 crisis is a mute crisis because it is, first of all, 

a poor crisis (Foley 1985). Even in wood-scarce areas, 

the women as a rule perceive the energy problems as more 

severe than do the men (Hammer 1982). Indeed, by most 

standards, the depletion of fuelwood is the gravest energy 

problem facing the region. Along the same lines, Shakow 

and coauthors (1981) talk about the "other energy crisis," 

that which is primarily a crisis of decreasing access to 

decreasing biomass supplies. The wood, a unique source of 

energy for millions of persons in the world, will be 

exhausted well before the oil wells dry out (Foley 1985). 

People are simply finding it increasingly difficult to 

obtain fuelwood and charcoal. Energy procurement as a 

basic need is simply threatened. 

In discussing the scarcity issue, an important 

point is worth noting. As Van Buren (1983) stated, there 

is a great difference between scarcity as diagnosed by 

professional analysts, and scarcity as seen and felt by 

wood fuel users. The first is an absolute scarcity and is 

measured and understood abstractly. The second is con

crete; it is percei ved in re 1 a tion to a memory of the way 

things used to be, or in relation to the observable condi

tion of one's neighbors. For the world's poor, the energy 

"emergency" is a constant reality, one submerged in the 
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daily struggle to get by. A deepening firewood crisis, 

and the ~nvironmental degradation it entails, mean a 

steady deterioration in their prospects for a better life 

(NAS 1980). 

With increasing scarcity of wood fuels, the Sahel

ian people are faced with an energy crisis that threatens 

a serious impediment to the efforts aimed at improving 

their living conditions (Goodman 1983). Already, food and 

fuelwood are competing for the same rain-fed land, and the 

fuel needed to cook a meal often costs more than the food 

in the pot. 

Norman Myers, UNEP consultant and noted author, 

quoted by Hinrichsen (1983), said that fuelwood shortage 

is by far the most serious energy crisis facing most of 

the world population. Nearly half of mankind, or 2 bil

lion people, depend on fuelwood, charcoal, animal dung and 

agricultural wastes for cooking or heating (Hinrichsen 

1983). If present consumption trends continue, more than 

2,300 million of rural people will need to be provided 

with massive supplies of alternative supplies by the year 

2000, because wood will simply be unobtainable (Hinrichsen 

1983). So far, the efforts to solve the "poor-manls 

energy crisis," are meagre and not working. The local 

governments as well as the international community call 

for immediate action without awaiting further studiesl 
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That is how serious the crisis has become in areas like 

the West African Sahel, and it is getting worse every day. 

Fuelwood Consumption 

Available data on wood fuel consumption are based 

largely on estimates, as the greater part of wood fuel 

production and usage occurs outside commercial channels 

and, thus, goes unrecorded (Arnold 1979; Dunkerley et ale 

1981; Fleure~ and Fleuret 1978). Consumption takes place 

mainly in the form of fuelwood (firewood), with the 

charcoal accounting for a minor part in the landlocked 

countries. 

Wood fuels account for more than three-quarters of 

all energy used other than human and animal energy. Table 

9 presents the percentages of total national energy met by 

wood in the eight Sahel ian countries. However, the esti

mates should be regarded as crude, since fuelwood consump

tion is notoriously difficult to measure, but the message 

is clear. Wood i.s a vital energy source throughout the 

Sahel (Eckholm et ale 1984). Wood, charcoal and agricul

tural wastes represent about 100 percent of the energy 

consumed by rural Sahel households (Ki-Zerbo 1981). 

Domestic energy requirements vary with climate, 

family size and cooking habits. Estimates of consumption 

per person a 1 so vary according to urban or rura 1 use. 

Rural consumption of fuelwood per person generally is 



reckoned to be higher than urban (Foley and Buren 1980); 

this could be because of easier access to resources, 

Table 9 

Wood Percent of Tot~l Energy Consumption 

Country Percent 

Cape Verde 70 

Burkina Faso 94 

Mauritania 69 

Senegal 60 

The Gambia 87 

Mali 93 

Niger 88 

Chad 89 

Average 82 

Source: Ki-Zerbo 1981 
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greater consumption for cooking and heating, and the use 

of fires as a means of protection against animals. 

According to Arnold (1979), the best estimates of con

sumption of wood fuels indicate that, in general, in the 

regions where resources are still quite abundant and con

veniently distributed relative to population, average 

annual consumption of wood fuels per capita is usually 
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close to 1 cubic meter (m3 ). Likewise, it is estimated 

that daily fuelwood consumption per person varies (accord

ing to the availability of wood) from 0.5 to 1.7 kg of dry 

wood, which translates into annual consumption of 180 to 

620 kg, or 0.5 to 1.7 m3 of wood (Gorse 1985: Foley and 

Buren 1980). 

On the basis of the latest available and recent 

household surveys, consumption of wood fuels in selected 

countries, as reported in different papers, follows: 

- In Senegal, total fuelwood consumption in 1981 

was estimated at 4.6 million m3 equivalent of roundwood 

(1.3 million tonnes of oil equivalent [toe]), 1.3 million 

m3 (28 percent) were consumed in urban areas and 3.3 

million m3 (72 percent) in rural areas. Over 80 percent 

of the urban consumption was in the form of charcoal 

compared with only 4 percent in the rural areas. Average 

urban consumption per capita was 0.65 m3 (186 kilograms of 

oil equivalent [Kgoe]) and rural consumption 0.85 m3 (244 

Kgoe) (UNDP/World Bank 1983). As reported by Sene (1982), 

every year 82,000 to 92,000 tons of charcoal and 100,000 

steres of fuelwood are taken to Dakar and the neighboring 

towns of Thies and M'Bour. 

- Average daily consumption in The Gambia was 

found to be relatively high, between 580 and 650 kg per 

capi ta on an annual basis. All of this was in the form of 



wood, as charcoal production in The Gambia was banned in 

July, 1980, and sales are reported to have ceased by 

September, 1980 (UNDP/World Bank 1983). 
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In Mauritania, despite the depletion of forest 

cover, per capita consumption of wood fuels has changed 

lj.ttle over time. Urban consumers have switched almost 

over to charcoal. Per capita consumption is estimated at 

0.6 m3/year, which includes the fuelwood equivalent of 

charcoal whose consumption is estimated at 550 kg/capital 

year in urban areas. Fuelwood consumption amounts to 

nearly 0.8 million m3/year, 8 times the natural growth of 

the accessible forests (UNDP/World Bank 1985). Because of 

depletion of forest reserves in Mauritania, the bulk of 

charcoal now is illegally brought from Senegal. However, 

this supply source also will be exhausted within 5 years 

or so, if not earlier (UNDP/World Bank 1985). 

The average per capita consumption of wood 

fuels, including· cooking and heating in Niger, amounts to 

an estimated 0.9 kg of dried wood per day, or about 0.75 

equivalent m3 of roundwood per year (UNDP/ World Bank 

1984) • 

In summary, fuel wood consumption could vary enor

mously, both between and within countries. As indicated 

by Eckholm and coauthors (1984), in much of the Sahel, 

wood is scarce and consumption low. They claim that 
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surveys of villages in Mali and Niger found that people 

used only 440-660 kg per head per year. Nevertheless, in 

this area, they add, the value of 440 kg appears to be a 

floor below which people find it difficult to reduce their 

consumption. 

Typical end uses of energy in Sub-Saharan Africa 

generally include cooking, heating, lighting and ironing. 

Although it is sometimes difficult to distinguish among 

end uses in the Sub-Saharan, cooking generally dominates 

the energy flow (Barnes 1985). But, cooking with wood 

fuels provides light and heat in addition to cooking. 

Studies in the Sudanian and Sahel ian zones showed the dom

inant role of cooking (Figure 10). 

Following this picture, a legitimate question to 

ask is: What are energy levels likely to be in the 

future? As I have noted above, wood fuel consumption 

varies from 0.5 to 2.0 cubic meters per capita annually. 

Some sources have estimated that wood fuel consumption may 

be increasing at 1.5 to 2 percent annually in the develop

ing countries, based on current rates of per capita con

sumption and project~d population growth (Dunkerley et al. 

1981). Larger quantities of energy in some form will be 

required in the future for the reason of expanding popula

tions and movement beyond subsistence means of population. 
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Theoretically, several forces such as indus-

trialization, urbanization, and rising incomes influence 

consumption of traditional fuels. In any event, the move 

from traditional to conventional fossil fuels and 

~ood Fuels for 
Cook1ng (61%" 

~on-hoWlaho1d 
wood fwaU 

(16%) 

~---__ ~ood fuaU for household . 
activitie. excluding cooking 

(4%) 
Cooking with cO'llllDllrc1al fuels (1%) 

CQmmerc1al fuels for household 
activiti.s excluding cooking 

(3%) 

Total ~ood fuels WI. • 81% of Energy Us. 

Figure 10. Energy Uses in the Sahel ian and Sudanian 
Region--1980 (Barnes 1985). 

electricity has in the past been associated with economic 

development. For this reason, the share of traditional 

fuels might be expected to decline as income rises 
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(Dunkerley et al. 1981). Will that be the case in the 

Sahel? At least until recently, prices of oil and other 

conventional forms of energy have been rising. Also, the 

economic outlook of the Sahelian countries does not lend 

itself to high expectations in terms of increased income 

for all the population strata. These factors would tend 

to increase the use of traditional fuels. 

On the other hand, the point made by Dunkerley and 

coauthors (1981) is worth noting; that is, the use of 

traditional fuels may come to be limiting by their price 

(in monetary or other terms) and decreasing availabilities 

if the productivity of the capital stock (forests and 

land) that creates them is reduced through overuse. Con

sumption of traditional fuels in that case will be limited 

eventually by the sustainability of their production and 

the competition of other uses for the basic resources of 

1 and and water. 

No changes in wood consumption patterns are fore

seeabl e in the near future, for there wi 11 be an increase 

in fuelwood demand due to population increases: this will 

increase the stress already on the forest. Also, the 

supply of fuelwood will be further curtailed due to deter

ioration of the forest ecosystem caused by factors other 

than fuelwood demand. 



Harvesting Methods/Collection/ 
Transport/Tools 
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Most firewood is self-collected in rural areas of 

developing countries. In small urban areas, where fire-

wood is used, a member of the family may be responsible 

for harvesting and transporting it. Women are tradition-

ally the main suppliers of household firewood, often 

assisted by their children. According to Barnes (1985), 

little information exists on the time necessary for wood 

collection under different socioeconomic and agroclimatic 

conditions. In any case, fuelwood collection in many 

locations invol ves extensive colI ection time. Urban 

households in big cities buy their firewood or charcoal 

from a cutter or a local charcoal merchant. 

Firewood collection used to be a social matter, 

with few collectors (particularly women and children) 

going alone. Also, someone returning home from his or her 

farm may pick up some bits of firewood. Although women or 

children go in groups, they usually collect on an individ-

ual basis, and the only cooperation may be in helping each 

other lift their heavy loads. Collecting, cutting, bun-

dling, lifting and transporting are entirely the work of 

an individual or child. With distances to forest lands 

increasing, changes in energy procurement are taking 

place. Thus, although not men's direct responsibility, 

they are often involved in the procurement of fuelwood. 
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Men are taking over the roles of energy suppliers. They 

have started to assist the women in the collection of 

firewood, using donkeys, horses and camels for transport. 

Wood collection begins near the home and gradually 

increases in distance as nearby sources are exhausted. As 

shortages grow, gatherers must go farther, go more fre

quently, and look longer- to secure sufficient firewood 

supplies for cooking and heating. Once on the forested 

areas, the women and children gather as many long, 

straight branches and large pieces of wood as possible so 

that the load will balance properly and because smaller 

pieces may drop from the load and be lost. Sometimes the 

women may leave part or all of a load at recognized 

places, returning to collect it another day (Fleuret and 

Fleuret 1978). Firewood collection could be seasonal in 

nature in some areas. 

Human backs and heads carry most of the Sahel's 

fuelwood, at least on its initial journey toward the 

consumer. Usually, local fibers (e.g., Bauhinia and 

Acacia spp.) are used to tie up the loads for carrying. 

Pictur~s of women bent over in wood transport abound in 

many books, journals and newspapers. Besides the human 

labor, animals are also used to transport fuelwood and 

charcoal supplies between source and end user. Donkeys, 

camels and horses are used for both collecting wood and 
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for door-to-door selling. As firewood supplies recede 

farther and farther from the rural and urban user communi

ties, transport of firewood is gradually being taken over 

by motor vehicles, which could be more economical for the 

added distances. 

Fe 11 ing and dressing are done by means of the 

local and inefficient tools. In general, local axes and 

sometimes machetes are used to cut wood in. the Sahel. 

These tools limit the wood that can be cut to diameter of 

15-20 centimeters. Therefore, wastage occurs because the 

trunks are cut too high, the big trunks and branches are 

not logged and the chips from the felling and dressing are 

often l~ft out. The loss may represent 5 to 10 percent of 

the wood, but the abandoned trunks and large branches may 

represent a loss of 10 to 30 percent (Chauvin 1981). 

Wood Fuel Markets 

In the rural areas, sales of firewood, while 

accounting for only a small part of all firewood used, are 

common and increasing. Population growth and increasing 

wood scarcity in rural areas lead to the development of 

formal wood fuel markets. Nevertheless, they are much 

less formal than their urban counterparts. The sellers of 

firewood and charcoal at the village level are often 

(although not always) the poorest people, as firewood 

selling is usual.ly a low status occupation. Firewood 



51 

marketing creates employment for the agricultural off

season. Rural wood collection is rarely subject to taxes 

or fees. 

~fuile the majority of the ~ural wood is collected, 

the urban wood fuels are commercially transacted. Here, 

commercialization is the establishment of market exchange 

between producers and consumers. Figure 11 illustrates 

the forces driving commercialization. Selling firewood or 

charcoal will bring ready cash when crops fail or market 

channels delay. The commercialization of wood fuel may be 

caused by a combination of rural need for income and an 

effective demand for wood fuel in market centers. 

The commercial setup involves gathering the fuel

wood, transporting it, and the reselling of it by retail

ers. Dealers or their agents either buy in rural areas 

and sell it in towns, or they hire firewood gangs or 

timber cutters who produce a large firewood by-product. 

Because of the bulkiness and transport costs of wood 

fuels, their marketing often falls in the hands of a 

"mafia" of large-scale merchants (Gorse 1985). They 

transport wood as backload, cutting transport costs. 

Moreover, they are the only ones able to advance the money 

necessary for exploitation, charcoaling and marketing of 

wood. These dealers and their agents are sometimes sub

stantial businessmen. 
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Th,e wood fuel industry is almost entirely a 

private sector activity and serves the market efficiently, 

despite the constraints of traditional technology and poor 

transport infrastructure. Depending upon the country, the 

industry of wood fuel comprises a large number of small 

production units, some full time and others casually pro

ducing wood fuels as the need for cash arises. 

In the urban areas, prices of fuelwoods are 

market-determined, that is, they depend on supply and 

demand. The pricing of wood fuels incorporates several 

components, among which are included: 

1) stumpage fees or permit fees (royalties) paid 

to the Forestry Department or local authori

ties: 

2) cost of handling felled logs or branches to 

roadside: and 

3) transportation to urban centers. 

Shaikh (1984), in studying markets of wood fuels 

in Mali, pointed out a four-stage price structure: vil

lagers collect and sell to transporters; transporters move 

the wood to market and sell to wholesalers; wholesalers 

sell to retailers and/or to consumers; retailers sell to 

consumers. In some cases, two or more stages of the 

process are controlled by the same group (transport and 



wholesaling, for example). The most capital link in the 

supply chain is the transportation to the market. 
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\'lood fuel. dealers reap windfall profits as a 

result of firewood shortages. For example, ox-cart 

drivers in West Africa recoup the initial investment 

needed for their establishment as fuelwood traders in 

under three months (Devres, Inc. 1979). The presence and 

proportion of middlemen interposed between producers and 

the point of;sale will diminish the return that this 

activity brings to the rural areas. As cities grow and 

the producers and consumers become further apart, entre

preneurs who own or rent vehicles gain access to the 

markets, and such people are usually urban residents. The 

major part of the return from wood fuel marketing thus 

accrues to urban areas and constitutes a net drain upon 

rural resources: Table 10 shows this for the supply to 

Dakar (Senegal) and Niamey (Niger). 

In some countries, powerful urban merchants or 

syndicates control the wood and charcoal trade to cities, 

and they can be a major hidden obstacle to the introduc

tion of new resources of wood fuels (Eckholm et ale 1984). 

In Ouagadougou, Burkina Faso, the wood fuel trade is well 

organized and controlled by urban businessmen and high 

government officials (Eckholm et ale 1984). Illegal tree

cutting is big business. Permitees working on government 
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lands have been known to falsify records and forge permits 

in order to cut officially protected forest reserves 

("forets classees"). In fact, in many countries there are 

allegations of widespread collusion between contractors 

and local forestry officials to evade restrictions on 

cutting in forest reserves. 

Table 10 

Distribution and Profit Margins 
in Dakar and Niamey 

Items 

Retail Price 
Less: 

Loading/Unloading/Chopping 

Transport 

Cutting/Stacking 

Permit/Stumpage Fee 

Total Costs 

Distribution and Profit 

Margins 

Margin as % of Retail 

Price 

Stumpage Fee as % of 

Retail Price 

* Price per kilogram of charcoal 

Source: Dwomoh 1983 

Dakar 
April 1980 

F. CFA 

20.0* 

3.3 

5.8 

2.0 

0.3 

11.4 

8.6 

43.0% 

1.5% 

Niamey 
May 1981 

F. CFA 

18.0* 

2.0 

4.5 

2.1 

0.2 

8.8 

9.2 

51.0% 

1.0% 
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In general, consumers do not discriminate care

fully between markets on the basis of price, or recognize 

the enormous variations in weight between bags of charcoal 

due to wide variation in basic density of the original 

wood feedstock (UNDP/World Bank 1984). The former obser

vation can be explained by the consumer's lack of mobility 

within the city which has very many localized markets, 

whereas the latter (quite likely) derives from retailing 

without weighing scales but in standard packages (rice 

bag, for example). 



CHAPTER 4 

SOCIOECONOMIC IMPLICATIONS OF FUELWOOD GATHERING 

Finding or buying fuelwood and charcoal is an 

economic burden on the people of the less developed 

Sahel ian countries. The costs of firewood and charcoal 

are climbing throughout the region. People spend more 

time, go farther afield, and return with less wood, 

inferior quality wood or other sources of fuel such as 

crop residuesa The scarcity of firewood and the increas

ing labor requirement for its collection impact in many 

areas of a rural person's life: agricultural production, 

types of food cooked, leisure time availability, ceremon

ial activities and, not least, community ecological balance. 

Overall, the shortages of firewood relative to need create 

unpleasant results for many rural and urban people. 

Price Increase 

Throughout the Sahel, prices of wood fuels are 

increasing rapidly. Generally, the towns and cities 

experiencing the most dramatic increases in wood fuel 

prices are those with fast-growing populations, combined 

with poor natural resource bases around the cities (Barnes 

1985). For example, studies conducted by the Club du 
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Sahel in Niamey, Niger (Freud 1981), indicated that fuel

wood prices have increased more than 50 percent relative 

to other goods in a 7-year period (Table 11). Also, wood 

prices have doubled or tripled over the past 5 years in 

densely settled areas in Burkina Faso (Winterbottom 1982). 

For the poor, rising prices are often measured in terms of 

the additional labor and time required to collect fuel 

(Dunkerley et ale 1981). 

Theoretically, when wood fuel prices increase, 

people have an incentive to grow trees. However, the 

situation is in itself complicated with respect to the 

Sahelian context. (This point will be developed in the 

chapter on policies implications.) For instance, a lag 

exists between tree harvesting and when tree and wood 

shortages are perceived to be a problem (Barnes 1985). 

Since trees take 10 years or more to regrow, the rapid 

increase in current consumption by harvesting trees may 

not be reflected in prices until deforestation reaches an 

advanced stage. Furthermore, in the Sahel ian case, even 

when the shortage is perceived, people would have already 

switched to lower fuelwood substitutes, such as cow dung 

and agricultural wastes. 

The increase in demand, coupled with a reduction 

in supply of fuelwood due to forest depletion, has 

resulted in a steep increase in the price of wood fuels. 
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Real wood prices have doubled or tripled over the past 15 

to 20 years, mostly in the more densely populated area 

(Shaikh 1984; Barnes 1985). 

Table 11 

Fuelwood Price Trend in Niamey (Niger) 

YEAR 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

F. CFA 
(per camel 

load) 

600 

762 

941 

1,029 

1,117 

1,375 

1,858 

2,000 

( 1 ) The 1973 prices 
(Freud 1981) 

PRICE INDEX 
1962-63 = 100 

161.8 

167.8 

182.6 

225.6 

278.1 

306.1 

331.6 

365 

CAMEL LOAD 
PRICE 

(Index 1) 

100 

127 

157 

171 

186 

229 

309 

333 

CONSUMER 
PRICE 

(Index 1) 

100 

104 

113 

139 

172 

189 

205 

226 

have been considered to equal 100. 

The urban areas have become major extractors of 

fuelwood and, thereby, have monetized fue1wood which in 

earlier times was a free good in the rural areas. The 

relatively high price of fuelwood is already inducing 

unemployed persons to collect fuelwood and to sell it in 

the urban markets. Rising fuelwood prices can tempt 



desperate individuals as well as greedy, big-time entre

preneurs into cutting live trees. 

Impacts on Other Domestic Activities 
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The implications of wood fuel deficits are dra

matic and well known: time, money, nutrition. People 

will continue stripping indigenous woodlands of their 

trees for use as fuel. At the same time, population pres

sure is forcing people to cut still more trees to clear 

land for agriculture. In combination, these forces add to 

family labor, eat up family income, erode the productivity 

of the land and generally do mischief to the economy and 

to people's lives (French 1984). 

Time and Distance 

As a result of tight supplies, wood fuel collec

tion in many locations involves more extensive collection 

time. In rural areas, gathering activities can require 

from several hours to 7 days each week depending on the 

season, environmental conditions, supplies and time con

straints of other sUbsistence activities. For example, in 

some areas of Niger, v illagers go over 25 km (one way) to 

collect sufficient supplies. This is more than a one-day 

journey and results in much time for other activities 

being lost (Devres, Inc. 1979). Villagers know that they 

have to use 30-40 percent of their time collecting wood 
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for cooking (Goodman 1983). The agricultural work of women 

and school attendance of children is often badly affected 

by searching for scarce wood. Other women's tasks such as 

child care, household chores, food preparation and cook

ing, weekly marketing trips, and the bulk of household 

food production suffer considerably (Fleuret and Fleuret 

1978). 

In the same line, Winterbottom (1982) points out 

that with each passing year, women in the rural area of 

Burkina Faso walk greater distances and spend more time 

gathering and transporting firewood. It is not unusual 

for a woman to devote 4 to 6 hours, three times a week to 

the task of collecting firewood. Thus, if one assumes a 

woman works 10 hours a day, 7 days a week, she may spend a 

quarter of her time hunting firewood at distances up to 10 

km from her home. A United States Agency for International 

Development (USAID) analysis of energy use in the Mopti 

region of Mali revealed the startling fact that women 

commonly travel over 30 km to collect firewood (Shaikh and 

Larson 1981). Fifteen years ago in Lexeiba, Mauritania 

(the author's own village), fuelwood was available after a 

15- to 20-minute walk from the village, whereas women and 

children now walk for at least 10 hours one way. 

The opportunity cost of longer time devoted to the 

collection and gathering of wood fuels could be high. 
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Time spent on other activities such as gardening must be 

curtailed as wood fuels become more scarce. However, the 

point made by Barnes (1985) is worth noting; many of the 

estimates of time needed to collect wood fuels overstate 

the actual time, since wood fuel collection can be com

bined with other activities. In any event, it does demon

strate that within some regions, people (especially women 

and children) are already spending a significant propor

tion of their time and energy collecting fuelwood. More 

important than such questions of efficiency of use of 

rural labor are the drudgery and fatigue that such work 

imposes and its detrimental effects on health (Arnold 

1979) • 

Implications on Income 

Shortages of wood fuel supplies, coupled with 

rising prices, are likely to have a major impact on the 

urban as well as the rural fuelwood situation. The poorer 

sections of the population have to spend a large share of 

their income for the purchase of fuelwood. In addition, 

more and more fuelwood will be monetized and moved from 

rural areas to urban centers because the purchasing power 

is lower in rural areas than in urban areas. 

The increasing scarcity of wood fuels is having a 

more devastating effect on the cost of household energy, 
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especially in urban areas. In virtually every city, cook

ing fuels consume 15-25 percent of family income. In 

Burkina Faso, small families spend 50 F CFA or more a day 

on firewood; larger families use more than a donkey cart 

load every month (about 400 kgs) at costs up to 4,500 F 

CFA per load (Winterbottom 1982). In the same paper, 

Winterbottom (1982) stated that numerous studies concluded 

that 20-30 percent of an urban family's average annual 

income is spent on firewood, leaving less for other basic 

household expenditures, food, education and health care. 

In Niamey, Niger, deep in the drought-plagued Sahel, the 

average manual laborer's family expends nearly one-fourth 

of its income on firewood (Eckholm 1976). 

Nutritional Effects 

Another response to rising fuel prices has been to 

reduce energy consumption and to lower nutritional stand

ards. Reduction in the quantity of available firewood and 

cooking fuels alters traditional consumption patterns. It 

can affect the kind of food consumed and reduce the number 

of mea 1 s eaten as we 11 as the way they are prepared. In 

Senegal and much of West Africa, many families eat only 

one cooked meal per day, or even one cooked meal every 

other day, due to reduced fuelwood supplies (Devres, Inc. 

1979; Ki-Zerbo 1981). 
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Similarly, Hammer (1982) indicated that Sudanese 

women report that due to recent changes in the fuel sup

ply, they consume less wood than before. Many women now 

carefully extinguish the fire after cooking. By doing so 

(that is, not letting the food simmer properly, something 

which is important with respect to taste as well as 

health), they may impact negatively on overall well-being. 

There is also a tendency to cook all the day's food at the 

same time, serving one hot meal instead of the customary 

three a day. In the most fuel-scarce areas, some women 

respond to the energy crisis by changing the household 

diet away from foodstuffs which require long cooking. 

Reduced firewood supplies encourage dietary 

changes. For instance, people (particularly in urban 

areas) will consume rice instead of the usually preferred 

millet because of its faster cooking time. Possible 

nutritional consequences could happen as traditional eat

ing patterns are altered. The worsening fuelwood situ

ation in some areas of the Third Wor Id is undermining the 

qual i ty of the diet in both the cities and the country

side, observes Nigel Smith (1981). The thinning of wood 

stocks also erodes nutritional quality by diverting income 

from food purchases to fuel and by reducing the amount of 

time available to raise crops and prepare meals. The 



quality of meals and home life, as well as agricultural 

yields, inevitably suffer. 
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Overall, as fuel becomes harder to find, people 

may cut back on essentials. Some African families have 

reportedly tried eating ground grains in uncooked gruels. 

Soybeans, introduced for nutritional purposes in an area 

of Burkina Faso, were not accepted by local women because 

they need too much cooking (Eckholm et ale 1984). 

Impact on the Overall Economy 

The increasing scarcity and cost of household 

fuels, particularly firewood, threatens the ability of the 

countries even to maintain already low incomes and the 

quality of life of the people, particularly in the rural 

areas. Throughout the region, peasant production systems 

require access to off-farm income. These sources of 

income are essentially off-farm wage labor and inc\jme from 

the production and exchange of commodities from communal 

lands. The single most important income in the latter 

category is income from fuelwood collection or charcoal 

manufacture. Should that income be threatened, then the 

peasant order itself is threatened. RUGal to urban migra

tion would significantly increase in all cases as a result 

of the loss of off-farm income, exacerbating problems of 

underdevelopment and further distorting the energy system. 
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The impact of reduction of wood fuel supplie; on 

the large numbers of rural families which depend on com

mercial production and marketing of wood fuels as a source 

of income could be detrimental. Sources from the Canadian 

International Development Agency (CIDA), cited by Arnold 

(1979), reported that in 1974, about 246,000 man-days full 

time were employed in fuelwood activites in Bamako, Mali. 

The same report indicated that 325,000 man-days were 

involved in similar activities in Ouagadougou, Burkina 

Faso, generating an income equivalent to $520,000, and an 

additional income of $2,500,000 through transport and dis

tribution. In 1978, Montalembert and Clement (1983) 

stated that just to supply the town of Bamako, 500,000 

work days were invol ved simply to cut the wood, and a cash 

movement of $7,000,000; this demonstrates the extent to 

which the very poor could be dependent on income from 

fuelwood needs. It also shows the degree of conversion of 

fuel wood from a material available to everyone free of 

charge to a product with a cash value and price. 

When the accessible standing stocks of wood 

resources suffer a dramatic decline, it could imply pos

sible major shifts in settlement patterns or the allo

cation of labor and economic resources to wood harvesting. 

The related massive deforestation and the resultant 

depletion of agricultural resources on which so much 
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economic activity depends imply expensive and pervasive 

effects on all income groups. As observed earlier, when 

wood fuels become scarce, people use the only means at 

their disposal to deal with the problem. They walk fur

ther, they cook less, or they use more substitute fuels 

which they can obtain as free goods. \vi th the advent of 

soaring fuelwood prices, farmers are increasingly tempted 

to cut and sell wood, often at the expense of their bush 

fallow an~ residuar forest cover~ this is the case mainly 

in the vicinity of urban centers and overpopulated areas. 

Where acute shortage of traditional fuels exist, 

the poor are forced to exert even greater pressure on the 

sustainability of renewable energy sources. It has been 

reported (in some developing countries, like India and 

Pakistan, with similar wood fuel shortages) that people 

may cut fruit trees and other economically valuable 

species for wood, reducing food and income yields, espe

cially where trees are intercropped (Dunkerly et al. 

1981). Living trees, seedlings and tree roots may be 

destroyed for fuelwood~ leaves and grasses may be raked 

from hillsides, leaving only bare earth. 

Furthermore, depletion of wood stocks increases 

erosion and undermines soil quality, leading to further 

deterioration of agricultural production and the local 

ecology in general. Decline in agricultural productivity 
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will, in turn, adversely affect the critical food situa-

tion. Foreign exchange earnings from export crops could 

decline, and foreign exchange needs for food import could 

increase. 

The environmental impact of the fuelwood crisis 

(discussed in the following chapter) adds to its socio-

economic and nutritional implications. This points to the 

important conclusion made by Montalembert (1982) that: 

in the fuel wood crisis, the energy, food and 
poverty dimensions are inextricably related and 
that the fuelwood crisis over increasingly large 
areas threatens the more sUbsistence base of the 
people. The more fragile ecological conditions, 
the poorer the people affected, and the more 
serious the problem. 

Likewise, Shakow and coauthors (1981) warn that as 

people increasingly rely on wood, crop residues and cow 

dung, the end result of the pressure on traditional energy 

source (wood, crop residues, dung) is deforestation and 

soil impoverishment. This, in turn, further erodes the 

physical resource base and causes food shortages. It is 

becoming a vicious circle. 

Unfortunately, the environmental consequences of 

unwise deforestation are seldom expressed in economic 

terms, but many of them directly influence economic output 

as we 11 as human we 1 fare in the broader sense. Some of 

the environmental costs of current forest trends are by 

nature incalculable, but are nonetheless massive (Eckholm. 



69 

1979). In assessing the usefulness of the forest cover in 

the Sahel, one should always keep in mind that it is not 

only crucial for the supply of firewood, charcoal and 

other wood products, but a 1 so it plays a rna jor rol e in the 

traditional production systems which still contribute 

greatly to the overal rural production of West African 

countries (Gorse 1985). 

Impacts on the Rural Communities 
and Urban Centers 

When the merchants start buying the wood in the 

rural areas for sale to consumers in urban centers, the 

problem takes a different dimension for the rural popula-

tions. Rural women who gather the wood for their families 

can then be in competition with the men who cut the trees 

for sale. The merchants are not concerned with the deple-

tion of the resources. When the saleable wood disappears, 

they change sectors. Even between two villages, it is 

common to see deforestation inexorably reducing the trees 

and shrubs separating them. Their respective populations 

must seek wood in an increasingly wider radius, at the 

risk of meeting and confronting each other one day (Ki-

Zerbo 1981). 

Conflicts between agriculturalists and herders 

could also arise because of wood stock depletion. As 

fallows shorten, land rights of individual farmers take 



precedence over the rights of herders, as indicated by 

Rosenzweig and coauthors, cited by Barnes (1985). With 

agricultural expansion, herders will be forced into more 
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marginal land, and within a very short period of time, the 

bush and pasture begin to degrade due to overgrazing. 

Progressive destruction of the tree cover not only 

leads to a shortage of fue1wood, but also to a lessened 

availability of wood for other essential purposes such as 

housing. 

Widespread deforestation and burning cow dung and 

crop residue set in motion a dynamic process, a chain 

reaction, of reduced agricultural productivity and act iv-

ity, increased unemployment and underemployment. The 

impact in the rural areas is direct and severe, as noted 

by Arungu-01ende (1984): 

Indeed, the entire nation feels the effects, for 
many of those affected migrate to urban areas in 
search of better opportunities. But the urban 
areas can hardly cope with the influx of people 
that has, for some countries, reached flood levels 
in recent years. In some countries, the number of 
urban unemployed has reached such high levels that 
the authorities are ashamed to talk about it. The 
young are the hardest hit~ they are also the most 
educated, the most articulate and, therefore, the 
most prone to make comparison with expectations, 
real or imagined on the one hand, and the real 
situation on the other hand~ the resulting frus
tration finds expression in political agitation, 
with far reaching consequences. The cities cannot 
cope with the new arrivals because their meagre 
faci1ities--transportation, water, energy--are 
already stretched to the limit. The housing situ
ation is especially critica11 many have to make do 



with abominable conditions--cardboard houses, no 
running water and generally no basic services. 
The situation is deteriorating and there seems to 
be no end to the problem. 

The real total cost of fuelwood is a mystery, 

since it consists of various hidden and invisible costs. 

One part of the hidden costs of fuelwood is family labor 

and the lost opportunity cost to do more productive or 

important work (Wardle and Palmieri 1981). The costs of 

charcoal are usually social ones (not paid directly by, 
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say, the charcoal producers), borne by the entire commun-

ity and sometimes but not always by urban dwellers as well 

(Devres, Inc. 1979). All rural people tend to pay for the 

charcoal consumption (ecological problems, more time spent 

gathering firewood, underemployment for charcoal labor 

sold to the urban elite, etc.) of the nearby urban and 

industrial populations, while only a few rural people 

benefit directly (Devres, Inc. 1979). 

The human and animal population-energy-agriculture 

equilibrium has deteriorated. Now it faces disruption, 

degradation and ultimate collapse (Ganapathy 1981). The 

shortage of fue:wood has become an alarming problem, forc-

ing people to spend more time in wood collection and less 

time cooking meals, affecting their nutritional, economic 

and family stability. The introduction of commercial 

energy has generated the need for cash to purchase fuel 



72 

which was formerly available free. Commercialization of 

wood fuels has led to the loss of free access to firewood 

and to the alienation of rural means of production, 

including energy. The demand for commercial firewood and 

charcoal in urban areas, increased populations and compet

ing demands have generated the energy crisis. 



CHAPTER 5 

ENVIRONMENTAL IMPACTS OF FUEL\-mOD GATHERING 

Populations in the Sahel countries have been grow

ing rapidly, and more agriculture land has been cleared 

for fuelwood, not to mention lumber requirements for 

building and other purposes. The resulting environmental 

impacts have been dramatic. Deforestation has brought 

with it soil erosion by water and wind, leading to reduced 

productivity of the land and increased siltation of reser

voirs, limiting their carrying capacity, and of riverbeds, 

increasing the danger of flooding (Arungu-Olende 1984). 

Widespread deforestation, which for some countries is the 

rule rather than the exception, may affect water levels 

with adverse impacts on underground water supplies and 

agriculture (Arungu-Olende 1984). On a wider scale, such 

deforestation has been known to effect climatic changes, 

to cause flooding, to induce siltation and to end up in 

desertification. 

Deforestation and the firewood crisis are obvi

ously closely linked. But, as recognized by Eckholm and 

coauthors (1984), the two problems are not identical. The 

facts, they wrote: 
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An image has often been drawn of rising human 
populations stripping adjacent forests bare of 
trees, thereby creating fuelwood scarcity. Except 
around certain cities, that image is not usually 
accurate. More often, recent research has 
revealed, fuelwood scarcity is as much a conse
quence as a cause of deforestation. First, the 
widespread clearing of lands for agriculture 
severely reduces the available forest area. At 
that point, the gathering of fuel from the remain
ing woodland may well begin to exceed the sus
tainable harvest. 
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Also, too many animals damage trees and slow their 

growth by continually removing foliage: often, the trees 

are stripped so heavily that they are killed. It is well 

established that in many areas, livestock grazing and fod-

der gathering by people cause more damage to woodlands 

than does fuelwood cutting (Eckholm et ale 1984). Never-

theless, these authors recognize that whatever its links 

to deforestation in a particular place, the fuelwood prob-

lem is important in its own right. This chapter will 

discuss the impacts of wood fuel gathering and other human 

activities on the Sahelian fragile environment. 

Wood Stock Depletion 

A sustainable supply of fuelwood is assumed to be 

that amount which can be safely provided by the growing 

stock trees in the forest without undue damage to the for-

est ecology. More specifically, it is assumed here to be 

the sum of the annual increment of wood from the growth of 

stem and branches and also the production of dead wood 

(Bajracharya 1983). 
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Recent energy, environmental and forestry studies 

suggest that there is evidence that fuelwood consumption 

is greater than the sustainable level of supplies. Wood 

fuel explo:Ltation is exceeding the regenerating capacity 

of forests in some regions. This phenomenon will be 

severe in the semiarid tropics with little forest area. 

Tree stocks are declining at an accelerating rate, because 

consumption is increasing exponentially with population 

growth, while the annual additions to supply through new 

tree growth (mean annual increment) are declining in pro

portion to the volume of stocks (Anderson and Fishwick 

1984). Striking facts to support the claim, the excess of 

consumption over the mean annual increment is expected to 

rise to 620 percent in Niger by the end of the century in 

the Sahel ian countries together to 130 percent (Anderson 

and Fishwick 1984). 

Table 12 compares recent estimates of annual fuel

wood consumption with annual additions to supply (or "mean 

annual increment") from new tree growth for selected coun

tries and the Sahel overall. Also included are the demand 

forecasts contained in the various energy assessment 

studies for the year 2000. 

A further look at Table 12 suggests that wood can 

no longer be harvested in the haphazard manner that occurs 

in many parts of the Sahe I, if the resource is to prov ide 

r' 
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a sustained yield. In the Sahel ian countries, the supply

demand balances vary greatly, with surpluses existing in 

semiarid zones, accounting for 20 percent of the land and 

12 million of the 31 million inhabitants of the countries, 

Table 12 

Fuelwood Consumption Compared With the Mean Annual 
Increment of Tree Stocks in Selected Countries 

Excess of 
Accessible Fuelwood Consumption 
Supply From Consump- Over New 
Tree

3
Growth, tion** supp~y 

OOOm /year* 000m3/year OOOm /year % 

Mauritania 97 963 866 893 

Senegal -1981 7,200 4,600 -2,600 -36*** 
-2001 6,300 7,200 900 14 

Niger -1980 1,400 4,100 2,700 193 
-2000 1,000 7,200 6,200 

Sahel -1980 17,000 22,000 5,000 30 
-2000 15,000 34,000 19,000 127 

N. Nigeria 13,500 23,300 9,800 73 

Ethiopia-1982 13,600 34,000 20,400 150 

Sudan -1980 44,400 75,800 31,400 71 

* Including wood used for charcoal (except Nigeria). 
The figures for Sudan also include use for poles. 

** The trend projections are based on current trends, 
unmodified according to the policy responses outlined 
in the respective studies. 

*** A surplus. 

Source: Anderson andoFishwick (1984) 
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but deficits of 300 percent or more in the low rainfall 

areas in the north (Anderson and Fishwick 1984). In such 

cases, wood cannot be realistically considered a renewable 

resource because, as Eckholm and Brown (1977) put it, it 

is being mined. 

The rules of sustained yield warn that to preserve 

the forest capital, only the increment should be removed. 

In some areas of the Sahel, the forest capital is convinc

ingly being liquidated. The increasing local demand for 

fuel has led to the cutting of live trees for firewood and 

charcoal. The cutting of trees has exceeded regeneration 

around most villages and towns. Based on a FAO/UNEP 

study, projections by the World Bank suggest that as a 

consequence of deforestation, wood fuel supplies will be 

inadequate to meet demand long before the year 2000 in 

many nations (Allen and Barnes 1985). In the same line, 

Goodman (1983) states that many countries' wood, already 

in short supply, will become virtually unobtainable by the 

1990's unless an urgent crash program of fuel conservation 

and woodland replacement is implemented at once. 

A recent FAO study estimates that tropical forests 

are vanishing at a rate of some 7.3 million hectares per 

annum, while some 4 million hectares more than half in 

Africa are cleared in the semiarid areas (O'Keefe 1983). 

Several authors attribute the bulk of this depletion 
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mainly to the urban population (O'Keefe 1983: Goodman 

1983: and Barnes 1985). It has been noted earlier that 

the urban population in the Sahel is growing quickly. 

Their energy supplies will still be based on biomass with 

charcoal as the major fuel. It is, then, urban demand for 

energy that will produce deforestation, for it is the cut

ting of whole trees for charcoal production, rather than 

selective cutting for rural household energy use, that is 

ultimately responsible for environmental degradation 

(O'Keefe 1983). 

Desertification 

Throughout the Sahelian Belt of West Africa, 

severe drought since the early 1970's, coupled with eco

logically unsound herding and agricultural practices, bush 

fires and uncontrolled wood cutting have intensified a 

process which has been termed desertification. It is a 

process whereby marginal lands at the edges of the Sahara 

lose their vegetative cover, setting in motion a sequence 

of reduction in soil nutrients, loss of top soil through 

runoff from rains and increased susceptibility to wind 

erosion (Shaikh 1984). 

Desertification involves reduction of perennial 

plant cover: impoverishment (reduction in diversity of 

species) of flora: soil erosion by wind and water action; 

and finally, the formation of mobile sand dunes and areas 
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of desert pavement (pebble and rock-covered areas) or bare 

rock. This process is initiated by such human activities 

as: cutting woody plants for firewood and other uses at a 

rate faster than natural regrowth: overstocking on range-

lands, which results in overgrazing and consequent 

eradication of species palatable to sheep and cattle and 

ultimately, with further overgrazing by browsing animals 

(goats and camels), the elimination of all species: and 

clearing land for cereal cultivation, especially in regions 

of marginal rainfall, where fields are subsequently aban-

doned as unproductive (Hammer 1982). 

Recent increases in the world prices of energy 

commodity hit hard and induced more the transfer of demand 

to the noncommercial sector that ends in desertification 

or the reduction of agricultural productivity (McKillop 

1980). Also, as indicated by Eckholm and coauthors 

(1984), if people can sell wood or charcoal, they have a 

stronger incentive to cut live trees. In fact, they add: 

In some countries, large well-organized gangs of 
wood cutters, operating illegally or in cohesion 
with forest guards, plunder protected forests. 
But often very poor people are forced by their 
grim circumstances to poach wood for sale in 
cities. 

In summary, urban fuelwood demands are often an 

important source of deforestation leading to desertifica-

tion, not only of adjacent lands, but also, where charcoal 



is used, of faraway woodlands. The commercial pull of 

urban markets al so adds to the pressures on the trees of 

the countryside. 
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Charcoal making has a particular role in causing 

deforestation. Due to its higher energy content, charcoal 

is regarded as more economical to transport over long 

distances than bulky firewood. And since much energy is 

lost in the production of charcoal in earth kilns and no 

regard is paid to the replacement of felled trees, this 

change from firewood to charcoal represents yet another 

cause of desertification (Hammer 1982; Gorse 1985). 

The process of desertification is obvious and 

measurable by accepted scientific standards in all sub

Saharan Africa (Thomas 1981). Africa's deserts are 

expanding. An action plan for the Sahel prepared by the 

United Nations Sudano-Sahel ian Office (UNSO) observes that 

"in 1983 alone, the desert (Sahara) advanced at least 150 

km to -the south." Other more real istic estimates show 

that the progress of the true Sahara Desert to the south 

is about 5-6 km per year (Thomas 1981). However, the 

major concern is the "desertification in situ," that is, 

the deterioration of the resources around villages and 

waterholes south of the true desert that is the major 

cause of alarm. It is important to remember that desert 



does not usually move forward in a straight line, but 

spreads like a skin disease and spots (Thatcher 1979). 
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Nearly every country is affected. Already, for

ests have virtually disappeared in Mauritania. Leonard 

Berry of Clark University, cited by Brown and Wolf (1985), 

attempted to assess the extent of degradation in selected 

Sahel ian countries (Table 13). 

Although overgrazing by oversized herds of cattle, 

goats and sheep is the chief culprit, fuelwood gathering 

is also an important contributor to the destruction of 

trees in the arid and semiarid regions (Eckholm 1975). 

One of the more visible changes in the sub-Sahara zones is 

the marked reduction in the density of forest stands with 

some change in tree and bush species composition. There 

is virtually complete removal of all forms of wood sup

plies for large distances around most of the towns and 

villages in the drier zones. Since 1975, nearly all trees 

within 70 km of Ouagadougou have been consumed as fuel by 

the city·s inhabitants. Furthermore, the circle of land 

IIstrip-mined ll for firewood without reclamation is continu

ally expanding (Eckholm 1975). 

Climatic Deterioration 

Schnell, as quoted by Weisburd and Raloff (1985), 

believes that by devegetating the Sahel for firewood, 

crops and animal fodder, humans nave eliminated the 



Table 13 

Desertification Trends in Selected Sahelian Countries 
(1977-1984) 

Sand Dune 
Country Encroachment 

Burkina Faso 0 

Chad ++ 

Mali + 

Mauritania + 

Niger + 

Senegal + 

Deterioration 
in Rangelands 

+ 

++ 

++ 

++ 

++ 

++ 

Forest 
Depletion 

+ 

+ 

++ 

+ 

+ 

+ 

Deterioration 
of Irrigation 
Systems 

+ 

++ 

+ 

++ 

++ 

+ 

Key: 0 = Stable, + = Some Increase, ++ = Significant Increase. 

Source: Brown and Wolf (1985) 

Rainfall 
Agriculture 
Problems 

++ 

++ 

+ 

+ 

+ 

++ 

00 
t\) 
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required food source for the particular bacteria needed to 

initiate the precipitation process in clouds above them. 

One resul t might be for the rains to start falling a 

little farther south; he says, providing a self-feeding 

desert situation. 

Reduced rainfall has devastating effects on the 

ecological Sahel ian setting. Since the late 1960's, much 

of Africa has suffered from below average rainfall, with 

rainfall shortages particularly acute in the Sahelian 

countries. Figure 12 illustrates the extent to which the 

annual percentage departs from the normal rainfall average 

in 20 countries. 

Perc2nt 

~~----------------------------------~ 

-30 
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-~~--~--~----r---~--~--~--~--~~ 
1900 1910 1920 1930 1940 19~ 1960 1970 lCJHU 

Figure 12. Rainfall Fluctuations in the Sahel and Sudan. 
Expressed as a Percent Departure from the Long-Term 

Mean (1901-1984) (Brown and Wolf 1985). 
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Among the cited sources of reduced rainfall in 

Africa, the changes in land use over vast areas of the 

region seem the most important. Almost all the changes 

increase rainfall runoff, reduce evaporation from soil and 

transpiration from plants and increase the reflectivity of 

the land (Brown and Wolf 1985). So far, it is known that 

virtually all of land use changes associated with popula

tion growth in the Sahel decrease vegetative cover. This 

change increases the share of rainfall that returns to the 

ocean via streams and rivers and reduces the amoun"t of" 

rainfall retained, eventually to be evaporated. A comple

mentary relationship exists between trees and clouds. 

Trees collect underground water and convert it into vapor 

through transpiration~ clouds condense water vapor into 

liquid in the form of rainfall. If trees are removed, 

this cycle is weakened (Shukla and Mintz 1982). 

The seasonal rains of tropical Africa follow the 

movement of the "intertropical convergence zone" (ITCZ), 

as discussed earlier. Air having moisture evaporated over 

the Gul f of Guinea is drawn toward the low pressure zone 

of the ITCZ and becomes rainfall when atmospheric turbu

lence lifts it rapidly enough for the water vapor to cool 

and condense. Whether rainfall falls depends partly on 

the quantity of moisture in the air, including that from 

the ocean and from evaporation over land, where it falls 
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depends on factors that cause moist air to rise (Brown and 

vlolf 1985). 

Furthermore, Brown and Wolf (1985) indicate that 

the forest of the West African Coast, from Senegal to the 

Zaire Basin, may be a key to whether sufficient moisture 

reaches the continent's interior during the summer mon

soon. Evidence from meteorological models and from obser

vations in the Amazon Basin, they say, suggests that some 

of the ,moisture 'carried long distances over the continent 

is "recycled" by forests along the way, falling as rain 

and then returned to the air by evapotranspiration. Then, 

whether the moisture-laden air that reaches the band of 

savannas across sub-Saharan Africa is forced to rise and 

condense depends partly on local conditions that generate 

upward convection, particularly vegetation. The question 

is still debated by scientists. 

Additional data consistent with this thesis that 

land use changes are reducing rainfall are,the trends in 

increased desertification. Although desertification can 

be caused by either human mismanagement or below-normal 

rainfall, the geographic pervasiveness of the African 

trends is consistent with the notion that land use changes 

are reducing rainfall (Brown and Wolf 1985). 

Removal of forest residues may result in a much 

harsher microclimate near the ground than with the 
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residues present. Removing residues may increase solar 

radiation, increase re-radiation, result in extreme tem-

peratures, result in a dry soil surface, reduce the growth 

and survival of seedlings and reduce the accumulation of 

biomass (Michigan State University 1979). 

Loss of Agricultural Lands and 
Agricultural Productivity 

Indiscriminate land clearing, the mismanagement of 

natural resources and the increased fuelwood needs of 

growing populations have negative implications on the pro-

ductivity of the lands. The rapid depletion of tree 

stocks is causing unprecedented and (without remedial 

policies) irreversible changes in the ecology of rural 

areas, principally in the carrying capacity or fertility 

of the soil. The depletion of tree stocks themselves 

introduces a breach in the nutrient cycles in the affected 

areas, though this is perhaps less serious than the loss 

of protection they once provided against the erosion of 

the soil during rains and winds. But, so long as demands 

of fuelwood continue to rise, the nutrient cycles are 

breached in two further respects: in the removal of 

animal dung and crops residues fuel (Anderson and Fishwick 

1984). 

It has been well documented that removal of tim-

ber, fuel and logging residues removes nutrients from the 
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site, withdraws food from the soil microorganisms upon 

which the nutrient cycle depends, and reduces the pro

ductivity of the soil. Gathering of large amounts of 

fue1wood for cooking and heating may result in a loss of 

nutrient capital and, therefore, loss of productive capac

ity. Other consequences may be the soil compaction, loss 

of porosity, increase in soil erosion, reduction or com

plete suppression of regeneration and adverse consequences 

for persons living in or near the areas that have been 

harvested. 

Reports from agronomists, ecologists, foresters, 

hydrologists and meteorologists indicate that growing 

human demands are eroding life support systems throughout 

the African Continent. In country after country, 

sustainable-yield thresholds of forests and grasslands are 

being breached (Brown and Wolf 1985). Soil erosion, the 

loss of soil organic matter and the depletion of soil 

nutrients are diminishing land productivity over much of 

the Sahel. 

The general widespread decrease in soil fertility 

and the depletion of forest stands in town and village 

perimeters observable for some decades were accentuated 

during the last Sahel droughts. More recently, sand 

creeps into agricultural fields and the buildup of moving 

sand dunes have occurred due to diminished vegetation 



cover, often leaving the soil to wind erosion (Hammer 

1982). Consequently, the decline in soil fertility and 

the growing needs of an increasing population create a 

self-perpetuating vicious cycle (Hammer 1982). 
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Along with the loss of forests, remaining wood

lands are being degraded both by firewood gathering and by 

shorter fallow cycles of shifting cultivators. The shift

ing cultivation system is such that, for each hectare of 

land actually growing crops, several hectares are in some 

stage of fallow, awaiting the return of fertility that 

will again sustain harvests. An FAO study cited by Brown 

and Wolf (1985) estimated that 178 million hectares of 

African forests and woodlands are in such fallow. But, 

under mounting population pressure, farmers cut fallow 

cycles too short to restore fertility, slowly degrading 

the vegetation. 

In addition, soils too are being degraded all 

across Africa. Erosion is a major source of degradation: 

worse, the widespread use of cow dung and crop residues 

for fuel means that the organic matter in soils is declin

ing and that soil structure is deteriorating. Obviously, 

one consequence of the degradation of the remaining 

forests, grasslands and soils is an increase in runoff and 

a reduction in soil moisture that, in turn, reduces evapo

transpiration. 
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Much soil ends up in the bottomlands along river 

courses, where it might seem that the accumulated nutri

ents would make for fertile farm landse But, according to 

an Ethiopian Highlands Reclamation Study sponsored by the 

FAO, these deposited soils are too heavy for traditional 

plows. They also remain waterlogged during the growing 

season: their infertility is the result of the loss of 

organic material and water-holding capacity from the steep 

fields above (Brown and Wolf 1985). 

Such steady deterioration limits farmers' economic 

options by robbing their soils of nutrients, leaving them 

virtually sure victims of drought. The environmental 

changes that may be reducing rainfall are the same as 

those that make systems more vulnerable to drought (Brown 

and Wolf 1985). Deforestation, grassland deterioration, 

soil erosion and soil degradation all increase vulnerabil

ity to drought. As the layer of topsoil goes down slowly 

and as organic matter content falls, the soil assimilates 

and stores less moisture. Under such conditions, land 

productivity would decline even if rainfall were normal. 

Making things even wors~, the Sahel excels in poor natural 

, endowment of productive soils. The nutrient-poor soils 

over much of the continent face months of intensive 

sunshine, followed by punishing seasonal rains that can 

carry away exposed topsoil in sheets (Brown and Wolf 



1985). In some areas, as fuelwood becomes scarce, the 

rural population has turned increasingly to burning cow 

dung and crop residue~ as a result, soil is deprived of 

valuable nutrients, together with soil erosion, which 

further reduces the productivity of the land (Arungu

Olende 1984). 
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Paralleling the loss of tree cover was the deteri

oration of grasslands as livestock numbers expanded nearly 

as fast as the human population, at least until the early 

1970's. The extent of overgrazing is evident everywhere~ 

this has led to deterioration of the soil, thereby lower

ing the carrying capacity even more. It is established 

that heavy grazing, combined with declining rainfall, 

gradually changes the character of rangeland vegetation 

and its capacity to support livestock. As grazing and 

wood gathering increase in semiarid regions, rapidly 

reproducing annual grasses replace perennial grasses and 

woody perennial shrubs. The loss of trees (like'the 

acacias) in the Sahel means less forage in the dry season 

when the protein-rich pods of these trees feed livestock 

on otherwise barren range land. 

Overcul tivation and overgrazing have resul ted in 

spreading deserts. The search for cultivable lands has 

sent subsistence farmers into forests, resulting in defor

estation, soil erosion and disrupted hydrological cycles. 
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Clearing for wood has destroyed the wildlife habitat, 

reducing the diversity of species. Environmental over

loading has led to increased pressure on dung as a fuel, 

causing its loss as a nutrient and increasing the share of 

the family budget for fuel. The overall environmental 

degradation is to lower further the already marginal 

standards of living. 

In many cases, the situations of acute scarcity 

correspond to difficult climatic and ecological zones 

where the shortage of fuelwood leads to the destruction of 

all woody vegetation, resulting in destabilization of the 

environment and the risk of erosion, the consequences of 

which are felt beyond the zone directly concerned by the 

energy problem (Montalembert and Clement 1983). In the 

arid and semiarid areas of Africa and Asia, they said, the 

deforestation resulting from the search for fuel makes a 

dangerous contribution to desertification. 

In concluding the discussion on socioeconomic and 

environmental impacts of fuelwood harvesting, it appears 

that growing scarcity of wood fuels is making it more 

difficult for many people to subsist. It is breaking up 

their energy system. It results in people having no 

access to any other sources of energy to devote a mounting 

proportion of their limited time and money to securing the 

supply they need. Further, this results in accelerated 
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over-cutting of the remaining meager vegetation. It could 

even lead to its complete disappearance. In·extreme 

cases, like in some parts of Mauritania, the consequences 

for the environment may be irreparable and endanger 

people's very existence. It is known what effect defor

estation has on fragile ecological areas, such as arid 

zones. Table 14 summarizes the potential impacts of 

deforestation in developing countries, like those of the 

Sahel. According to Montalembert and Clement (1983), the 

problem of fuelwood has three important dimensions: 

forestry, energy and environment. That is why its role in 

rural energy systems must be clearly perceived as a prob

lem not only of subsistence but also of development. 



Table 14 

Actual or Potential Impacts of Deforestation 
for Developing Nations 

A. WATER-RELATED IMPACTS 

1. Rapid, increased and irregular water runoff 
2. Stream, river and reservoir siltation 
3. Blockage of irrigation and drainage systems 
4. Flooding 
5. Lower water yield and water quality 

B. SOIL-RELATED IMPACTS 

6. Soil erosion 
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7. Lower soil fertility from switch to crop residues 
and dung instead of wood 

8. Damage to land and crops downstream 
9. Desertification and dunes formation 

10. Change in chemical and physical properties of 
soil 

11. Prevention of formation of deep residual soils 

C. ECONOMIC AND HUMAN EFFECTS 

12. Lower crop yields 
13. Rising imports of forest products 
14. Increase in wood fuel prices 
15. Less frequent cooking 

D. OTHERS 

16. Microclimate changes 
17. Higher intestinal parasite loads in water 
18. Increase in atmospheric carbon dioxide 
19. Species extinction or changes in animal behavior 

patterns 
20. Changes in vegetation regeneration patterns 

Source: Barnes et al. (1982) 



CHAPTER 6 

ASSESSMENT OF FUELWOOD SUBSTITUTES 

Rural households which use wood fuels can respond 

in several ways to wood scarcity or to a rise in the real 

price of wood. Households may continue to consume the 

same amount of wood by spending a larger fraction of their 

income. However, subsistence households, which have no 

source of additional income, may devote more labor, as 

already cited elsewhere, to wood collection, sacrificing 

the food or other goods that their labor might have pro

duced. Rural or urban households which have no flexibil

ity in income or labor will simply consume less wood. As 

firewood supplies become more scarce and collection areas 

move further and further away from the villages, firewood 

is replaced or supplemented with alternate energy sources 

which are more easily available. A number of factors 

could work naturally in the direction of substitution away 

from firewood, especially in urban areas. The smoke from 

wood fires or chimneyless wood stoves is a much greater 

problem in the smaller, more crowded urban dwellings, and 

the fire risk is more severe. 
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For instance, households can reduce wood consump

tion through the use of more efficient stoves, or through 

reductions in energy-consuming activities such as cooking. 

A fact noted above points out that more meals may be eaten 

cold if cooked meals can be prepared once rather than 

twice or three times during the day. Moreover, a rise in 

the price of wood may cause households to substitute other 

fuels for wood. High income may switch to commercial 

fuels such as kerosene or butane, while the vast majority 

of poorer households probably would tend to substitute 

agricultural wastes or dung for wood. Clearly, substitu

tion is only possible when affordable substitutes are 

available (Barnes et a1. 1982). 

It is important to recognize that switching fuels 

and conservation are not mechanical responses, for they 

may involve difficult social and technical adjustments. 

This chapter reviews, one by one, the sUbstitutes of 

firewood with respect to their use in the Sahe1ian con

text. The list of new and renewable sources discussed is 

by no means exhaustive. Each substitute will be first 

described thoroughly and evaluated. Some concluding 

remarks will be then presented at the end of the chapter. 

It should be noted that the selection is based only on the 

existing sUbstitutes and/or proposed new alternatives 

applicable to the Sahel. 
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Cow Dung and Crop Residues 

The economics of the situation are changing as 

wood grows more scarce and has to be brought longer dis

tances to users. In rural areas, wood scarcities are even 

less likely to force people into use of alternative fuels. 

As indicated by French (1984), the poor do not buy elec

tric ranges simply because wood has become harder to find. 

Instead, they cut back on fuel use and move down the 

"energy ladder" to crop residues, roots, shrubs or dung. 

Animal dung is a major fuel alternative throughout 

the world, and the Sahel is certainly no exception. It is 

readily collectible. It is mainly used during the dry 

season. When cow dung is dry, it has an energy content 

similar to that of wood; but, it can never replace the 

quantities of wood which are used for cooking in open 

fires in a sUbsistence economy (Foley 1983). Reliable 

data on the availability of dung from domestic animals in 

the rural area of the developing world are, for under

standable reasons, sparse. Estimates of dung output of a 

mature European beef cow are almost one ton dry weight per 

year (Foley 1983). Taking an average yield of 50 percent 

lower and allowing a 50 percent utilization (apart from 

that not collected, insects and microbiological action in 

a warm climate consume dung after it has been deposited), 

the available dung per domestic animal is unlikely to be 



more than about two-thirds of a kilogram per day (Foley 

1983). The annual yield per animal comes to about 3.75 

GJ. The number of cattle required to meet the energy 

needs of a wood-burning subsistence society is around 20 

per family, an impossible number for almost all areas of 

subsistence farming. 
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Using cow· dung as fuel significantly reduces land 

fertility, because it would otherwise have been used as 

fertilizer. One estimate indicates that for every ton of 

cow dung burned, about 50 kg of food grain production is 

lost (Devres, Inc. 1979). Recognizing its importance in 

land fertility, the National Commission on Agriculture of 

India recently declared that the use of cow dung as a 

source of noncommercial fuel is virtually a crime (NAS 

1980). Fortunately, we are not at that stage in the 

Saheli nevertheless, this does show how important cow dung 

can be to the fertility of land. 

Crop residues are available in all agricultural 

areas as a substitute for firewood. Throughout the Sahel, 

crop residues such as millet stalks provide the major fuel 

. source for several months of the year, following the 

harvest of the millet crop. Women use millet stalks to 

1 ight the fire or for a 11 of their cooking. Ki-Zerbo 

(1981) reported that in a number of villages in the Sahel, 

fuel requirements are wholly covered by millet stalks for 
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many months, especially in the dry season. In fact, in 

one area of Burkina Faso, the stalks are preferred because 

they can be collected from fields around the village and, 

thus, are more accessible than the firewood supplies, are 

easily stored, and are about the right size for the cook

ing fire (Devres, Inc. 1979)0 Also, millet stalks are 

appreciated by housewives because of the ashes from which 

they can make high-quality potash •. Unfortunately, they 

burn too quickly, require constant watching and give off a 

great deal of smoke (Ki-Zerbo 1981). Millet stalks and 

cow dung are not sold. They are collected exclusively by 

women and children. 

Removing and diverting dung from fields degrades 

soil structure and leaves fields more vulnerable to ero

sion (Brown and \'lolf 1985). This situation is under

mining the quality of the diet in both the cities and the 

countryside. Rural folks increasingly resort to agri

cultural waste to cook their meals, thus depriving soils 

of valuable nutrients (Eckholm and Brown 1977). The 

diversion of organic matter and nutrients from fields to 

fireplace carries its own negative economic effects 

(Eckholm 1979). Under conditions of population growth, a 

cumulative process may be started or accelerated by this 

diversion of nutrients from crop production. Unless com

pensated by the application of fertilizer, the use of 
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animal dung and crop residues as a fuel will lead to lower 

yields per hectare, which is likely to create additional 

pressure to bring more land under agricultural crops 

(Arnold 1979). In cases where this can be achieved only 

by further encroachment on the forest, future domestic 

energy prospects will worsen and even more dung will have 

to be diverted to meet energy requirements. 

Charcoal 

So far in this paper, charcoal and fuelwood have 

been used interchangeably under the words wood fuels and 

firewood. The landlocked countries, that is, Mali, 

Burkina Faso, Niger and Chad, mostly consume fuelwood; 

charcoal is not popular yet. On the contrary, charcoal 

is preferred and used by urban housewives in Mauritania, 

The Gambia and Senegal. Because charcoal can be trans

ported economically over longer distances, its production 

can be extended over a much wider area. That is the trend 

in the continental countries cited above. For such rea

sons and others, this section on charcoal is included. 

Charcoal is produced by a partial chemical reduc

tion of wood under controlled conditions. Conversion of 

wood to charcoal involves drying and coaling (Devres, Inc. 

1979). By regulating the airflow into the charcoal kiln, 

wood is first dried (by the heat generated from its own 

burning), then further heated to the point where charcoal 
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rather than ash is produced from the remainder. The tech

niques range from simply burning with soil and turf to the 

use of very sophisticated automatic retorts and furnaces 

(Earl 1975). To prepare charcoal in the, traditional man

ner, wood is stacked, covered with earth and then allowed 

to smoulder with a limited supply of oxygen for several 

days (Smith 1981). Partially burned branches left on the 

ground by slash-and-burn farmers are a favorite material 

for charcoal makers. 

Charcoal has a moisture content of less than 5 

percent and is relatively easy to ignite. It burns evenly 

with little smoke or flame and is easy to store because it 

is non-hygroscopic. Its calorific value is about 7,420 

Kcal per kg, and it has an efficiency of 20-30 percent in 

an open cooker: this is 7.5 times higher than dry wood 

(moisture content of 25-30 percent), which has a caloric 

value of 3,500 Kcal per kilo and a system efficiency of 

only 5-10 percent (Devres, Inc. 1979). The yield of char

coal by weight is usually about 20-30 percent of the dry 

weight of the wood used, and the yield by volume is about 

50 percent (Earl 1975). 

The properties of charcoal vary with the wood raw 

material. Particular woods can be used for charcoals for 

certain special purposes. In theory, all woods can be 

converted into charcoal. The best charcoal is made from 
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hardwood, especially the trunks and large limbs of hard

wood trees. In the Sahel proper, the Acacia species are 

preferred, particularly Acacia nilotica, because the char

coal made from it lasts longer than that from other spec

ies. However, due to wood scarcities, all species are 

equally used nowadays depending upon their availability. 

The vast majority of charcoal consumers are urban 

dwellers. Villagers use little charcoal, primarily 

because it is expensive relative to other fuels (cow dung, 

crop residues), especially where firewood can be gathered 

free. Charcoal is used by households primarily for cook

ing and heating. Businesses require charcoal for a 

variety of purposes. Tailors and washer people use sub

stantial amounts of charcoal to iron clothes. Blacksmiths 

use charcoal for heating metal in forges, and it is used 

in iron production, brickmaking, ceramics and pottery fir

ing (Devres, Inc. 1979). 

Major factors contribute to the preferences in 

charcoal favor: charcoal is smokeless; its burning char

acteristics; the flavor it adds to food; the ease of 

storage; and the simplicity of charcoal stoves which make· 

possible the use of fuel with little cash outlay (Arnold 

1979). Among its ~isadvantages, Earl (1975) pointed out 

that its low bulk density necessitates special transport

ing and storage. Moreover, charcoal is rather fragile and 
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easily broken during handling or by compression. Further

more, as with all fuel s wi th a high carbon content, care 

has to be taken during combustion to ensure that there is 

free circulation of air because of the danger of carbon 

monoxide poisoning. 

The possibility of long-distance transport of 

charcoal accelerates the desertification process by allow

ing governments and population to postpone vital decisions 

(Gors~ 1985). 'Everywhere in the Sahel, the distances to 

be covered to find charcoal are increasing. For example, 

in Senegal, the woodlands in the vicinity of Dakar are no 

longer capable of supplying the city's charcoal needs 

(Foley and Buren 1980). The authors added that the 

supplies are now drawn from the most distant parts of the 

country. Transport is mainly by road, with large loads 

sometimes hauled a distance of up to 600 km. Likewise, 

the cities of Nouakchott, Akjoujt, Atar, Zouerate and 

Nouadhibou consume charcoal produced at extreme distances 

of 600,850, 1,100, 1,400 and 1,800 km from the zones of 

"exploita'tion" near Boghe and beyond. 

Improved Methods of Charcoal Manufacture 

The yield of charcoal from a small earth kiln cor

responds to about 10 percent of the weight of the original 

wood: in the larger, more efficient kiln commonly used in 

the Sahel (mostly Senegal and Mauritania), the yield may 
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be around 20 percent (Foley and Buren 1980). Improvements 

in the efficiency of charcoal manufacture are possible, as 

charcoal can be made by a different number of processes in 

kilns made of earth, portable steel, brick and steel 

retorts (Openshaw 1982). Modern charcoal conversion tech

niques could increase efficiency up to 30 percent (O'Keefe 

1982). Metal kilns offer an undoubted improvement in 

efficiency over the earth kilns because they allow better 

control of the airflows and, hence, of the carbonization 

process, and also better recovery of the charcoal produced 

(Foley and Buren 1980). Improved efficiency also can be 

obtained by increasing the size of small earth kilns, 

which reduces the proportion of charcoal lost in the earth 

surrounding the kiln and increases the possibility of con

trolling the burning operation. 

In the Sahel, some adaptations have been made to 

the traditional earth kiln~ these include a slightly 

raised base of logs to allow better air and gas circula

tion, a different method of stacking the wood, and a 

chimney made from discarded oil (Foley and Buren 1980). 

Even though metal kilns could improve the effii

ciency of charcoal manufacture, they do not fit easily 

into the traditional methods of charcoal-making in the 

Sahel. In particular, they would require substantial 

financial investments. Thus, they are capital intensive 
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systems that may end up under the entire control of urban 

middle class people and not the peasants themselves. As 

recognized by Openshaw (1982), though the earth kiln is 

the most inefficient method in many parts of Africa, it is 

the most appropriate method, for many "charcoal trees" are 

scattered and remote from consumption centers and trans

port networks. This means that the producer has to move 

to the fuel stock and not the reverse. It does suggest 

that total manufacturing costs have to be considered when 

selecting kiln type besides efficiency and kiln produc

tion. Furthermore, the modern techniques of charcoal 

manufacture may achieve the opposite of what was intended. 

There is no guarantee that charcoal manufacturers would 

hold the charcoal production constant due to the greater 

speed of production and higher yields (Foley and Buren 

1980) • 

Cooking Stoves 

With fuelwood, as with any form of energy, scarc

ity can be relieved either by increasing supply or by 

reducing the demand. Conservation could represent one of 

the easiest and least expensive responses to the firewood 

shortages. As indicated by O'Keefe (1983), it is a truism 

of energy planners that it is frequently cheaper to con

serve a unit of energy than to produce one. More effi

cient use of fuel must be part of any energy plan. Many 
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countries in the Sahel have promoted the development of 

more efficient cooking stove designs requiring less wood 

than open fires or traditional stoves. Existing effi

ciency of fuelwood utilization can be as low as 7-10 per

cent. By merely switching over to fuel-efficient cook 

stoves, fuelwood consumption can be reduced considerably. 

Cooking stoves have many advantages over the open 

three-stone fire. They are far more economical, more com

fortable to use, and they reduce the hazards of fire and 

the ill effects of smoke. Every improved stove used by a 

household can save almost as much as a one-hectare woodlot 

(or 2-3 hectares of natural forest) can produce per year 

(Shaikh and Karch 1985). Not only that, it is easier to 

buy one stove than to plant and maintain a hectare, and 

there is a pool of intermediaries who can make money by 

doing so. Small artisans in a number of urban areas (not 

just in the capital cities) produce portable metal stove 

and charcoal stoves (Shaikh and Karch 1985). For these 

reasons, the introduction of improved wood stoves has 

become a popular idea in the Sahel (Foley 1983). By 1982, 

government in five Sahelian countries had received funds 

for establishing special wood stove coordinating commit

tees (Wood 1982). As of 1984, there were 15 World Bank 

projects with components to encourage the development and 

use of wood-burning stoves, of which three are in West 
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Africa, as components of forestry projects in Niger, Mali 

and Burkina Faso (Anderson and Fishwick 1984). Most of 

the initial impetus for wood stove projects in the Sahel 

came from European and American volunteers and technicians 

with financial backing from their governments (Wood 1982). 

The main work on improved wood stoves in rural 

areas has been in Senegal, through the development of the 

ban ak souf or sand-and-clay stove. The wood stoves' 

production in that country can be qualified as "success

ful, II for over 4,000 improved stoves have reportedly been 

distributed, most of which are in use (Anderson and 

Fishwick 1984). To date, several types of stoves exist 

and research is continuing. One of the most popular is 

the Louga Model, a single burner, chimneyless stove which 

is easy to construct and most closely resembles the tra

ditional method of cooking over an open fire (Ulinski 

1982). The ban ak souf is based on the Lorena stove 

developed in Central America (Foley and Buren 1980). The 

stove is made by hand out of locally dug sand and clay; 

thus, it incurs a labor cost but requires no capital 

investment. As indicated by Anderson and Fishwick (1984), 

the stove designs and materials vary from one country to 

another. 

Owners and users of cookstoves insist that the 

stoves save fuelwood. They claim that the wood they 
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collect lasts longer than before: that they use fewer 

sticks per meal: and that they now make fewer trips to 

gather wood (Ulinski 1982). Up to 50 percent savings in 

the consumption of wood has been reported (Foley and Buren 

1980; Chauvin 1981). Nevertheless, some technical prob-

1ems such as durability, particularly when the stove is 

built outdoors and exposed to rain, remain to be solved. 

This implies that there is still some experimentation and 

testing to be done before satisfactory models are found. 

In some other Sahe1ian countries, the wood stove 

story is assessed below. Many different groups* in Niger 

are attempting to develop and disseminate a wood stove 

that is more efficient than the widely used three-stone 

fire and the metal stove ("foyer ma1gache"), which is 

employed mostly in urban areas (UNDP/Wor1d Bank 1984). As 

of May, 1984, all the efforts had been on a test basis, 

with the actual building of stoves and the training of 

people in their construction limited to a very small 

scale. There is evidence of a growing consensus among the 

organizations involved on the need for overall coordination 

* Organizations involved in wood stoves testing and dis
semination include the Church World Service (CWS), the 
Young Farmers' Training Center, the Nigerian Farmers' 
Cooperative Organization, the Association of Nigerian 
Women, the United States Peace Corps, the French Volun
teer Association, two Catholic Church groups in the 
Tapis Vert project, UNSO and CILSS. 



of the various improved wood stove efforts (UNDP/World 

Bank 1984). 

108 

In Mauritania, the improved wood stove is a new 

undertaking. Among Mauritani~n institutions, only the 

semipublic ADEREM has some experience irt stove dissemina

tion through its cooperation with foreign volunteers 

(UNDP/World Bank 1985). 

The Gambian Government has started a stove devel

opment program to address the issue of fuelwood conserva

tion since October, 1982 (UNDP/World Bank 1983). By early 

1986, the wood stove program's aims were to develop, test 

and begin dissemination of: about 1,000 metal stoves 

(Kumba Gaye Stoves) for use with groundnut shell bri

quettes and fuelwood in urban areas; and 'about 6,000 clay 

and sand stoves for use with fuelwood in rural communities 

(UNDP/World Bank 1983). 

In discussing the methods of traditional fuelwood 

use, it has been noted that in the rural areas, wood is 

used mainly in the traditional three-stone fire. While 

this method appears extremely inefficient, it is well 

adapted to the needs of the rural people. On the tradi

tional three-stone fire, Foley and Buren (1980) made the 

following interesting and noteworthy points: 



It is versatile in its acceptance of different 
kinds and sizes of fuel. Long pieces of wood need 
not be cut (an important consideration when tools 
are poor and scarce) but can be gradually pushed 
into the fire or withdrawn when cooking is fin
ished. Dung, twigs or agricultural wastes can be 
easily used as sUbstitutes or supplements for 
wood. The three-stone fire is thus effective, 
familiar and convenient. From the viewpoint of 
the person using it, it is a highly satisfactory 
method of cooking, although at any particular 
moment an analysis of its thermodynamic perform
ance may show it to be relatively inefficient at 
transferring the heat of combustion of wood to the 
contents of the cooking pots. 

On the other hand, the problem of smoke of the 

traditional method should be recognized. To argue the 

point, Eckholm and coauthors (1984) note: 

From the few air-quality measurements taken in 
developing country kitchens, it is clear that the 
concentration of pollutants is often dangerously 
high. Studies of traditional cooking in indoor 
kitchens, directed by the East-West Center in 
Honolulu, have shown that the women cooks are 
inhalating as much benzo(a) pyrene as if they 
smoked 20 packs of cigarettes per day. Medical 
researchers are finding high rates of various 
acute and chronic respiratory diseases when 
cooking is done in enclosed spaces. 
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These authors recognize, however, that in warmer 

regions, such as the Sahel, women often cook outside or in 

well-ventilated shelters, so the smoke densities are 

lower. Even outdoors, they further emphasize, cooking 

over a smoky fire can be unpleasant and irritating for the 

eyes. 

Despite their apparent success, wood stove pro-

jects in the Sahe I face a number of probl ems which must be 
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seriously addressed if the current momentum is to be sus

tained (Wood 1982). First, the selection of stove models 

is limited. For example, De Lepeliere et ale (1981) have 

described and illustrated over 90 varieties of wood

burning stoves suitable for the Third World. Second, 

materials and construction techniques are seldom ques

tioned. Most stoves are made of cement or banco (sand

clay) or a combination of the two. However, both of these 

materials lose their strength when exposed to combustion 

temperatures. Cement will crack and cannot be easily 

repaired. Sand-clay stoves do not survive exposure to 

heavy "potential" Sahelian rains. Third, it is not known 

with certainty how much wood is saved by using "improved 

stoves." In that respect, Prasad (1981) showed that wood 

savings depends largely on the nature of the wood, the 

condition of the stove and the way in which the stove is 

used. 

A final note of interest applies to the possibil

ity of widespread use of wood stoves in rural areas. As 

long as firewood is readily available, people may not 

switch ~o improved wood stoves. The probability of dis

semination of improved wood stoves will only be widespread 

in areas where fuelwood scarcities already exist and are 

felt to be onerous by the rural people themselves (Foley 

and Buren 1980). Even though improved stoves are capable 
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of burning fuel much more efficiently than the traditional 

open fire, their introduction can be extremely difficult. 

Anything which requires a cash outlay, no matter how 

small, is almost impossible to introduce into a cashless 

sector of the economy .(Foley and Buren 1982). 

To reduce the demand for wood by means of improved 

wood stoves, appropriate stove models for dissemination to 

carefully selected groups in urban and peri-urban areas 

should be designed. In these areas, the lack of fuelwood 

poses the most severe problem because there are no readily 

available, inexpensive substitutes. An ideal improved 

wood stove model should: 

1) be portable enough to appeal to renters; 

2) provide at least a 30-50 percent increase in 

end use efficiency over the prevailing method 

of cooking; 

3) be able to be manufactured locally; 

4) be cheap enough so that, for a certain effi

ciency level, their use leads to significant 

cash savings in buying wood; 

5) be socially acceptable; and 

6) be designed for wood, but if possible, be 

suitable also for charcoal (UNDP/World Bank 

1984) • 
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As Eckholm and coauthors (1984) so rightly put it, 

improved stoves are likely to play some role in solving 

the household fuel problem, but they are no panacea. The 

point remains, they said, even under quite optimistic 

assumptions about stove efficiency and performance, new 

stoves are unlikely to make a major dent in national wood 

demands. Thus, they conclude, the impact of any program 

will remain very limited as long as it depends on the 

efforts of outside promoters. This implies that the stove 

model must be one that local entrepreneurs or users them

selves are willing to build without outside assistance. 

Additional Energy Efficiency Improvements 

Further improvements in efficiency introduced 

included the adaptation of new pot designs which sat 

further and more closely into the cooking holes. Cooking 

on the modified stoves with the new pots required 30 per

cent less wood than the old pots (Arnold 1979). For 

example, the aggregate effect of adopting both an effi

cient stove design and improved pots was thus to reduce 

fuelwood requirement for cooking the normal daily food for 

an Indonesian family of six by 65 percent. In addition, 

cooking time was cut by 25 percent (Arnold 1979). 

There are a number of related measures which could 

economize on the use of energy which warrant attention. 

Use of stoves would permit the production of hot water as 
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a by-production of cooking (Arnold 1979). Because the 

heat generated is retained in the body of the stove, water 

can be heated on it when it is not being used for cooking. 

Also, more use could be made of heat retention in cooking. 

If foods are heated to boiling point and placed in a well

insulated container with heated stones, they will continue 

to cook without live heat (Arnold 1979). A cooking pot 

with a lid will make more efficient use of the heat 

applied to it than one without, and if a stone or some 

other weight is placed on the lid, the efficiency will be 

greater still. 

Apart from technical improvements of wood-burning 

stoves, it must be recognized that the human factor (in 

other words, the housewife's talents) plays an absolutely 

determining role in conserving fuel. There are tradi

tional wood-saving practices, such as the protection of 

fire against wind by positioning the stove well or screen

ing it from the wind, and slightly wetting fuelwood that 

is too dry and burns too quickly (Ki-Zerbo 1981). As 

indicated by Arnold (1979), the potential importance of 

alleviating the fuelwood situation through more efficient 

use cannot be too strongly stressed. 

Solar Energy 

Another group of energy sources presently attract

ing considerable attention is that which relies upon the 
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flow of solar energy. As described earlier, the Sahel is 

dry and sunny overall. Sunshine is more than abundant in 

the Sahel countries. Insolation increases as one goes 

from south to north. At 150 north latitude, it is about 7 

kWh/m2 in March, April and May, and about 4.5 kWh/m2 in 

December. It falls between these limits during interven

ing months (UNDP/World Bank 1984); this implies that solar 

energy production is practical in the Sahel. From a 

standpoint of resource availability, the Sahel can deploy 

a variety of solar thermal and solar photovoltaic devices 

to produce thermal, mechanical or electrical energy for a 

number of end uses (Kooi 1982). 

Solar energy usually is taken to mean direct con

version of solar energy to perform useful functions with

out the intervention of natural, physical or biological 

processes (Kooi 1982). There are two principal ways to 

use solar energy: by conversion to heat, for example, 

water heating, space heating and drying of agricultural 

products; and by conversion to electrical or mechanical 

energy (Kooi 1982). Small-scale direct applications of 

solar energy suitable for rural household use center 

around solar cookers and solar heaters (in particular, 

water heaters). Two main kinds of cookers exist: one 

reflects the heat of the sun onto the bottom of the cook

ing vessel, the other uses the heat of the sun to boil 



water and produce steam which then is used for cooking 

(Arnold 1979). 
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The experience of solar energy in the Sahel can be 

best described by reviewing some examples across some 

countries. In Niger, a semi-autonomous state organiza

tion, ONERSOL (Office Nationale de l'Energie Solaire), has 

been carrying out applied research in solar energy, 

including the study of existing and possible future types 

of apparatus for using 'solar energy. ONERSOL has been 

taking solar insolation masurements at different local

ities to establish an adequate solar data base (UNDP/World 

Bank 1984). Recent studies by a joint team effort of 

UNDP/World Bank revealed that ONERSOL's work has focused 

mainly on solar-thermal pumps, solar water heaters, solar 

furnaces and solar cookers. 

Many solar energy projects have been undertaken in 

Senegal mostly for experimentation purposes. A dozen 

solar water heaters developed by CERER have been installed 

at hotels, private houses, health clinics, a housing pro

ject and a school. Some maintenance problems have already 

been reported (UNDP/World Bank 1983). Solar-thermal pumps 

installed at various locations are out of order due to 

maintenance and spare parts. Because of their 2xtremely 

high cost (US $36,OOO/kW), their use will be certainly 

limited. A 25-kW solar-thermal conversion system (for 
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generating electricity) was installed in 1981. Photo

voltaic systems have been found to offer a better prospect 

for electricity generation in specific uses. As of 1982, 

about a dozen systems have been installed in sizes ranging 

from 0.5-2.6 kW (UNDP/World Bank 1983). These are simple 

and easy to maintain. Most of them operate satisfactorily 

by providing water to villages and light and refrigeration 

to rural health clinics. Finally, the cited reference 

mentions that few prototype solar stills and solar fists 

dryers have been built and tested. However, further anal

ysis and experimentation work are still needed. 

The most promising application of solar energy in 

The Gambia appears to be water heaters in Banjul, the 

capital city. Also, salt works at the Darailameth Village 

are based on solar evaporation techniques. Few solar

powered water pumps have been installed at a bore hole 

near Jambanjole (UNDP/World Bank 1983). 

Solar energy use in Mauritania is limited. The 

UNDP/World Bank Energy Assessment Program report (1985) 

mentions a broken solar water heater at a hotel in 

Nouakchott, and out-of-order pumps in fishing villages 

south of Nouadhibou. The report also notes the existence 

of some solar drying of gypsum. 

Mali's mUltipurpose solar device at Dire was 

commissioned in November, 1979. Equipped with a collector 
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capacity of 80 kW, the plant is used for pumping water 

(for drinking and irrigation) and, in addition, supplies 

electricity to a local agricultural cooperative (Fritz 

1983). The costs of the project (around 1,000,000 U.S. 

dollars) are being borne by the French Government as part 

of their program "New Energy for the Sahel ian Countries." 

Needless to say, this is prohibitively expensive, besides 

merely representing a drop in the ocean. 

Many constraints hamper the utilization of solar 

power in the Sahel. The first is again cost. Solar pump 

installation is likely to cost anything between $5,000 and 

$30,000 (Foley 1983). There is little hope of a subsist

ence community raising this amount of capital or, if it 

did, having a solar pump as its first priority. Con

straints other than cost could include: the need to cook 

when solar radiation is available, which conflicts with 

the widespread habit of cooking in the evening: the 

'unsuitability of solar cookers for some types of cooking: 

and the conflict with habit and practice in many areas of 

having to cook outside (Arnold 1979). 

Furthermore, Arnold (1979) mentioned in a study of 

energy alternatives in the Sahel, it was concluded that, 

despite reliable exposu~e to solar radiation through most 

of the year and the scarcity of fuelwood, solar energy 

can best be a long-term solution, dependent upon the 



development of improved and cheaper designs of solar 

cookers. In brief, in the short and medium term, solar 

energy is likely to provide at best only a marginal 

substitution for wood as a source of rural energy. 
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However, as indicated by Foley (1983), solar vol

taic systems for small battery charging could have an 

encouraging future. The transistor radio ~s an item of 

high priority for many millions of people. The same 

author added that a small, cheap solar voltaic system 

(around $15.00) already exists. This item can either 

recharge a standard rechargeable radio battery, or a radio 

can be run directly from it. 

Wind Power 

Windmills convert mechanical energy into electric

ity. Small windmills are a traditional energy technology 

in many parts of the world and are used for water pumping 

and other applications where an irregular output can be 

tolerated. A number of low cost designs suitable for 

fabrication in many developing countries have been devel

oped in recent years (Stassen and Swaaij 1982). 

The power output of windmills depends on the 

average wind speed and on the size and efficiency of the 

mill. It generally is argued that wind power becomes 

impractical for average wind speeds below 3 m/sec (Stassen 

and Swaaij 1982). Windmills are especially suited for 
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coastal and mountainous areas. The wind speeds required 

are in the range of 8-25 km/hour for mechanical energy for 

pumping and 15-40 km/hour for electricity production 

(Parikh 1983). 

The Sahel ian experience in wind power as an energy 

source is not important. Examples from some of the coun

tries support the point. In The Gambia, prospects for 

widespread use of wind pumps in non-coastal areas appear 

poor, concluded a joint report of UNDP and World Bank 

(1983). Of the wind equipment installed in recent years 

in Mauritania, a number of turbines for measurements have 

collapsed and no recorded data are available (UNDP/World 

Bank 1985). The same report of these two grant organiza

tions reveal that a Humblot water pumping windmill of the 

World Lutheran Federation in Barkeol has operated since 

its installation in 1981. Likewise, two water-pumping 

windmills installed near Rosso by the Netherlands 

Consultancy Services/Wind Energy for Developing Countries 

function normally. Potentialities for using wind power 

exist at Nouadhibou and Rosso regions. 

Because Niger's winds are not great (maximum wind 

speeds only reach 3.9 m/s at Tahoua), wind power in Niger 

is not a priority at this time (UNDP/World Bank 1984). 

According to a USAID survey, there are about 30 windmills 

in Senegal, mostly installed between 1978 and 1981. Among 
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the few operating satisfactorily, most are used for pump

ing water (UNDP/World Bank 1983). The others have had 

problems, in some cases, because of inadequate attention 

to siting and installation, observes the survey. 

Commercial Sources of Energy 

Commercial sources of energy (such as bottled 

butane gas, kerosene and electricity) can all be used as 

alternatives to wood fuels for cooking. Biogas is another 

alternative fuelwood substitute that can be used to ease 

the burden on wood fue I s and take up some of the demand 

for cooking. In the Sahel, Senegal has the best record on 

the use of butane. As indicated by Foley and Buren 

(1980), the Senegalese Government made rigorous efforts 

during the 1970's to promote the use of butane as a means 

of reducing the consumption of charcoal in urban areas. 

Subsidies or tax relief were given for the purchase of 

Blip Bannekh gas stoves, rechargeable bottles and the 

butane itself. Unfortunately, the butanization campaign 

has had little impact. Surveys have revealed that the 

main use of butane has been for making tea, reheating 

previously cooked foods and breakfast (Foley and Buren 

1980; Ki-Zerbo 1981). Thus, it has not displaced charcoal 

to any significant degree as the fuel for cooking the main 

household meals. 
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Besides Senegal, the use of gas is becoming wide

spread in The Gambia after the abo 1 i tion of the use of 

charcoal for cooking in July, 1980. Few urban housewives 

in Mauritania, Mali, Burkina Faso, Niger and elsewhere 

showed an interest in the butanization process in their 

respective countries (Ki-Zerbo 1981). These housewives 

often use biogas combined with charcoal, or wood, or all 

three at once. 

Because imported biogas is a commercial fuel 

requiring substantial investments that are beyond the 

reach of the subsistence family relying solely on a wood

fueled open fire, only a small part of the population can 

use it. For instance, prices of a gas stove in Senegal 

ranged, already in 1973, at F CFA 3,000 to F CFA 5,000, 

despite a government subsidy (Ki-Zerbo 1981). In addi

tion, gas has the reputation of being dangerous. 

Many authors have come to the conclusion that the 

widespread use of biogas (as an alternative to wood fuels) 

must be a matter for the long-term future, if, indeed, it 

ever occurs (Foley and Buren 1980: Foley 1983 and Chauvin 

1981). Among the many reasons for the slow start of 

biogas use, Ki-Zerbo (1981) cites its constantly rising 

price and the preference by the housewives of wood fuel 

for the preparation of certain dishes. 
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Groundnut Shell Briquettes 

The groundnut shells produced as a by-product by 

the groundnut oil industry are an important renewable 

energy source. The technical options for reclaiming the 

surplus shells by use as a fuelwood substitute are based 

on either: a kind of briquetting plant to produce ground

nut shell briquettes by an extrusion process: or a con

tinuous carbonization plant to produce charcoal briquettes 

from groundnut shells (UNDP/World Bank 1983). Sahelian 

countries that have so far participated in the groundnut 

shell program are Senegal, Niger and The Gambia. The 

quantities in the respective countries fluctuate with the 

size of the groundnut crop. Experiences of groundnut 

shell programs are very limited: its status in the nations 

cited above follows: 

In Senegal, the industry uses groundnut shells for 

electricity generation, but the indications are that there 

is a substantial unused surplus (UNDP/World Bank 1983). 

For example, in 1979, it was estimated that the equivalent 

of 12,000 metric tons of oil equivalent was available in 

unused collections of groundnut shells. Studies are to be 

undertaken to determine the amount of the potential 

groundnut surplus to generate electricity for public 

supply or as a household fuel (UNDP/World Bank 1983). 
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At a cost of 26,000 F CFA/ton in 1981-82, and a 

calorific value of 4,500 kcal/kg, the briquettes appear 

attractive as a substitute for gas oil and fuelwood in 

Niger. In 1980-81, SONARA produced 336 tons of briquettes 

in its compaction plant in Dosso. At the moment, SONARA 

attracts only 1 to 2 percent (1,2000 to 2,400 tons) of the 

total groundnut crop, which amounts on the average to 

about 120,000 tons per annum (UNDP/vlorld Bank 1984). So 

far, the UNDP/World Bank report points out that SONARA has 

difficulties in convincing industrial enterprises to sub

stitute the briquettes for gas oil, because of fear of 

shortages. However, the briquettes could help alleviate 

the fuelwood consumption in Niamey. 

In The Gambia, a 1.5-ton/day pilot briquetting 

plant installed at the town of Kaur, currently is out of 

operation because of technical problems. The groundnut 

shell briquettes were found to be a poor substitute for 

fuel wood, because they were too pliable and produced 'too 

much smoke (UNDP/World Bank 1983). The Gambian government 

is investigating the potential of converting the plant at 

Kaur into 4,000 tons of charcoal briquettes a year through 

a horizontal continuous carbonizing process (UNDP/World 

Bank 1983). The charcoal briquettes could be competitive 

as a fuel for ironing in Banjul; nevertheless, the report 
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said that the option will be marginal in terms of substi

tuting for wood fuel requirements in The Gambia. 

Peat 

Various studies are under way to evaluate the 

feasibility of developing the peat deposits found in 

depressions between the dunes north of Dakar, called 

Niayes, in Senegal. Some occurrences of mangrove peat 

recently have been detected along the valleys of the 

Casamance and Sine Saloum rivers in Senegal. Likewise, 

the Gambian government is investigating similar peat 

deposits in the mangroves along the Gambia River. How

ever, it is expected that the mangrove peat deposits will 

have high ash and salt contents (UNDP/World Bank 1983). 

Peat deposits might exist in the Mauritanian side of the 

Senegal River Valley, and the government is looking for 

external assistance to explore this resource (UNDP/World 

Bank 1985). 

Bagasse and Molasses 

Bagasse is the residue of sugar production, that 

portion remaining after the sugar cane has been squeezed 

or pressed. In Senegal, bagasse is used by the sugar

refining industry for the production of the steam and 

electricity needed for the refining process. Improvements 

in the refinery process and bagasse use as a resul t of 
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drying are expected to yield a growing surplus of bagasse 

of the order of 100,000-150,000 tons (24,000-36,000 tons 

of oil equivalent). Considerations are given to use the 

forthcoming bagasse to produce electricity for the public 

(UNDP/World Bank 1983). 

Another by-product of sugar refining not utilized 

is molasses. Its production was expected to reach 47,000 

tons by 1985: this could produce about 14 million liters 

of ethanol (11,000 tons) for blending with gasoline. Even 

in Senegal, bagasses and molasses will play only a minor 

role in domestic fuels, because it could only exist inside 

the sugar industry area at Richard Tool (UNDP/World Bank 

1983). 

Coal and Lignite 

Coal deposits at Anou-Araren, in the north of 

Niger, consist of about 9.4 million tons at 3,650 kcal/kg 

(3.4 million tons of oil equivalent). The coal is being 

used exclusively in a 32 MW power plant for the nearby 

uranium mines and adjacent areas (UNDP/World Bank 1984). 

Recent discovery near Solom indicate a significant deposit 

of higher quality coal (7,000 kcal/kg). There have been 

various indications of lignite deposits in the south of 

Niger, with a resource potential evaluated at 2.6 million 

tons, with a calorific value of 4,000 kcal/kg (1 million 

ton of oil equivalent in all) (UNDP/World Bank 1984). 
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Biogas Production 

In recent years, biogas production systems have 

attracted considerable attention as a promising component 

of decentralized rural development (DaSilva 1983). Biogas 

systems constitute a renewable source of energy and pro

vide biofertilizer, and they are of interest from the 

viewpoints of waste recycling, rural development, public 

health and hygiene, pollution control, environmental 

management and appropriate technology (DaSilva 1983). 

According to DaSilva (1983), biogas, popularly 

known as methane, is a mixture of roughly 65 percent 

methane (CH4 ), 30 percent carbon dioxide and 1 percent 

hydrogen sulfide, and traces of oxygen, nitrogen, hydrogen 

and carbon monoxide. It is colorless, odorless and 

inflammable. Readers interested in pursuing further stud

ies in biometanagenesis (microbiology of methane), biogas 

plant construction and operation are referred to DaSilva 

(1983) and to various publications of the National Academy 

of Sciences: Methane Generation from Human, Animal and 

Agricultural Wastes (1977); and Food, Fuel and Fertilizer 

from Organic Wastes (1981). 

In summary, DaSilva (1983) states that microbial 

treatment of agricultural, industrial and domestic wastes 

has been common practice for half a century. Both the 

aerobic, activated sludge process and the anaerobic or 
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methane fermentation have been used. He indicated that 

production of biogas by the latter method is simple, 

requires little imported know-how on components, is suited 

to small-scale operations and utilizes organic wastes as a 

valuable resource. He added that biogas could be of great 

importance, especially in the villages of developing coun

tries, but its use has unti 1 recently been 1 imi ted by the 

public antipathy or by the availability of cheaper energy 

from other sources. Biogas technology is being tested in 

a fair number of countries of the developing world. 

In the Sahel, only Niger, Senegal and Burkina Faso 

have tried to convert crop residues and animal wastes into 

biogas. For example, in Niger, there are two approaches 

being pursued: fermentation of crop residues and manure 

on farms, and fermentation of animal waste at slaughter

houses (UNDP/World Bank 1984). The National Institute of 

Agricultural Research in Niger (INRAN), together with the 

French institute GERDAT, is carrying out an experimental 

project at Lossa to produce biogas from crop residues and 

oxen manure (UNDP/World Bank 1984). The methane runs a 

modified diesel engine to pump water for irrigation and to 

grind millet into flow. The joint UNDP/vJorld Bank report 

stipulates that producing biogas at a sfaughterhouse would 

be potentially more economical than on farms because of 

more substrate concentrated in one location. 
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As indicated by DaSilva (1983), biogas digesters 

can playa vital role in development, especially in satis-

fying energy demand and maintaining environmental quality. 

Among other benefits of waste fermentation, the National 

Academy of Sciences (1981) cites: 

1) creating a stabilized residue that retains the 

fertilizer value of the original material: 

2) reducing fecal pathogens and improving public 

health: and 

3) reducing transfer of plant pathogens from one 

year's crop to the next year's crop. 

As such, it is worthwhile emphasizing that wastes could 

constitute valuable economic resources for rural communi-

ties. The author places high hopes and expectations on 

the introduction and dissemination on a large scale of 

biogas production in the Sahel. 

Evaluation of Wood Fuel Alternatives -., 

In summarizing the wood fuel SUbstitutes section, 

it has been found that crop and animal dung residues, 

which are already used in many areas, offer no great scope 

since they can also be in demand for forage, mulching and 

fertilizing. As indicated by Gorse (1985), the introduc-

tion of solar energy and biogas is subject to severe tech-

nical, economical and social limit. Also, modern fuels 

such as kerosene, gas and electricity, even though they 
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are already used in urban areas, will remain beyond the 

reach of urban households (Gorse 1985: Ki-Zerbo 1981). 

For the time being, oil, electricity, wind power, solar 

power and even nuclear energy cannot serve as sUbstitute 

solutions for the domestic needs of the Sahel families. 

All these technologically advanced energy sources are 

generally not yet feasible for meeting general energy 

requirements in the rural community setting (Devres, Inc. 

1979). The logical question to ask, then, is why the 

alternative substitutes did not work and are not working. 

Usually, in monetized fuel markets, where price 

becomes a factor, firewood eventually becomes less compe

titive, because of its efficiency and high delivery costs 

(Arnold 1979). other fuels require investments in stoves 

before they can be used, which is an important considera

tion for low-income households in developing countries. 

The major obstacle to the sUbstitution of commercial 

fuels, even in the towns and cities, is simply that people 

are too poor to make the cash outlay required to acquire 

the necessary equipment to use these fuels. 

As a rule, as the world's population becomes more 

prosperous, there will be a move away from fuelwood use, 

first to charcoal and then to other more convenient non

wood fuels. Much depends upon the relative price and 

convenience of the competing fuels. However, this 
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substitution does not occur in the sUbsistence sector 

unless local supplies of fue1wood have been exhausted and 

users are forced to burn dung and other forms of vegetable 

matter. 

Some generalities will help sort out some answers. 

For the most part, the dissemination of improved wood 

stoves or other devices will be widespread only in areas 

where fue1wood scarcities already exist and are felt to be 

onerous by the rural people themselves. Substitute fuels 

and technical improvements will not prevent the continued 

depletion of fue1wood resources and will generally be 

unattractive in the rural areas as long as free-good 

firewood remains available. Foley and Buren (1980) were 

correct when they pointed out that the promotion of these 

technologies, while it may result in additional energy 

supplies in impoverished rural areas, does nothing to ease 

the pressure on fue1wood. 

Although commercial fuels may be available, many 

factors can influence urban households to choose wood 

fuels over commercial fuels; this is the case despite the 

fact that sometimes per unit of useful energy, cooking 

energy is similar. Tables 15, 16 and 17 show that wood 

energy is not always the cheapes~ fuel, if end use effi

ciency is taken into consideration (Barnes 1985). 



Table. 15 

Retail Prices of Fuels and Prices per Useful kWh 
(Dakar, June 1982) 

Fuel/Energy 
Source 

Fuelwood 

Charcoal 
Official Price 
Effective Price 

Kerosene 

Butane 
12.5 kg bottle 

2.7 kg bottle 

Electricity, kWh 
Average 
Domestic 

(general) 

* 1 ~lh = 860 kcal 

Average 
Price 
CFAF/kg 

20.0 

30 
50 

173 

63.3 
30.4 

kcal/kg 

4,500 

7,800 
7,800 

10,300 

10,800 
10,800 

860 
860 

Source: UNDP/World Bank (1983) 

Price 
per Gross 
kWh * 
CFAF 

3.82 

3.31 
5.51 

14.44 

5.04 
2.42 

42.0 
79.02 

Utilization 
Efficiency 

0.05-0.1 

0.15-0.25 
0.15-0:25 

0.3 

0.43-0.65 
0.45-0.65 

0.90 
0.90 

Price Per 
Useful k\'lh CFAF 

38.2-76.4 

13.24-22.07 
22.04-36.73 

48.13 

5.75-11.20 
3.72-5.37 

46.67 
98.78 

I-' 
W 
I-' 



Energy 
Source 

Fuelwood* 

Charcoal 
Official Price 
Parallel Price 

Kerosene 
Official Price 
Parallel Price 

Butane 
Official Price 
Parallel Price 

Electricity, kWh 

Table 16 

Retail Prices of Energy Per Useful k~fu 
(Nouakchott, December 1983) 

Average 
Price 
(UM/kg) 

10.0 

7.6 
12.5 

36.3 
44.3 

20.0 
38.3 

13.0 

kcal/kg 

4,400 

7,800 

10,300 

10,800 

860 

Average 
Price 
per Gross 
kWh * 
(UM) 

1.95 

0.84 
1.38 

3.03 
3.70 

1.59 
3.05 

13.00 

Utilization 
Efficiency, % 

5-10 

15-23 

34-45 

45-55 

65-70 

Average Price 
Per Useful 
kWh (UM) 

19.5-39-.0 

3.6-5.6 
6.0-9.2 

6.7-8.7 
8.2-10.6 

2.9-3.5 
5.5-6.8 

18.6-20.0 

* Fuelwood is used little in Nouakchott. The consumption is concentrated in 
smaller urban centers and rural areas in southern Mauritania. 

Source: UNDP/World Bank (1985) ...... 
w 
l\) 



Table 17 

Retail Prices of Different Fuels Per Useful kWh (Niamey, March 1983) 
(Excluding investment costs for stoves, 

burners, gas bottle deposit, etc.) 

Price 
Average Calorific per Gross Average Price Per 

Energy Price Value kWh**** Utilization Useful kWh 
Source (CFAF/kg) kcal/kg (UM) Efficiency (CFAF) 

Fuelwood 20 4,250* 4.05 0.07** 57.8 
Charcoal 50 7,200 5.51 0.15** 39.8 
Kerosene ("Petrole Lampant") 

Subsidized 171 10,300 14.28 0.30 47.6 
Unsubsidized 175 10,300 14.61 0.30. 48.7 

Butane 329 10,710 26.42 0.45 58.7 
Electricity 58.60-66.80++++ 0.70 83.7-95.4 
Groundnut Shell ("briquette") 

Current 31.82+ 4,500 6.08 0.10** 60.8 
Projected 21.56++ 4,500 4.12 0.10** 41.2 

Lignite 25.00+++ 4,000 5.38 0.25*** 21.5 

Key: * 10 percent moisture content by weight: ** Three-stone method: *** This 
efficiency is for an improved (i.e., enclosed) stove, as lignite cannot be burned 
by the three-stone method: **** 1 kWh = 860 kcal: + At an annual production of 
about 425 tonnes, 22.18 production cost plus 3.91 transport cost plus 5.73 retail 
margin: ++ At an annual production of 2,800 tonnes, 13.77 production cost plus 3.91 
transport cost plus 3.88 retail margin: +++ Tentatively 17.00 production cost plus 
3.50 transport cost plus 4.50 retail margin: ++++ Electricity prices as of October 
1983. 58.6 CFAF for long period use: 66.8 CFAF for short period use. Does not in
clude fixed charge or the fee for power in the case of long period use (910 CFAF/ 
month and 546 CFAF/kW/month respectively), and does not include the fee for power 
in the case of short period use (91 CFAF/kW/month). (Source: UNDP/World Bank 1984) 

..... 
w 
w 
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However, as warned by Barnes (1985), the estimates of 

comparative prices should be made with caution, for fac

tors other than prices enter into household energy choice. 

For sure, wood fuels generally are easier to obtain than 

many other energy sources~ biomass can be collected or 

purchased~ wood fuel stoves are cheap even though not very 

efficient. 

There is no doubt that interfuel substitution 

might be able to alleviate some of the environmental 

degradation problems. On the other hand, Hosier et ale 

(no date) argued that the realities of peasant life miti

gate against the effective diffusion of, for example, the 

improved stoves, and thus limit the conservation effort. 

As discussed above, the traditional open fire widely used 

in rural areas has multiple end uses: 

1) rapid boiling~ 

2) lighting: 

3) space heating~ 

4) maintenance of thatch~ 

5) reducing insect populations~ 

6) preserving and flavoring food~ and 

7) providing a social focus (Hosier et al., no 

date). 

Whereas, the stove design efforts have focused so far on 

one end use, that is, cooking. They essentially seek to 
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improve the efficiency of simmering at the expense of 

other end uses. Hosier and coauthors (no date) made the 

point that all current efforts to improve stove design are 

essentially misguided, in that the criteria for design is 

physical efficiency rather than social efficiency. As 

such, they added, these stove design strategies require 

serious reconsideration within the overall framework of 

development strategies rather than ad hoc experimentation. 

It has been shown that replacing fuelwood by 

conventional energy would be very costly. There is a 

consensus among many authors about the lack of alter

natives for large-scale substitution under the conditions 

that meet the possibilities and needs of the users in any 

foreseeable future. One of the major stumbling blocks to 

interfuel substitution is the imperfection in the capital 

market for poorer sections of the population (Bowonder et 

ale 1985). For the majority of the Sahelian people, wood 

is and will continue to be their primary and maybe sole 

source of energy because they have few other options. 

Therefore, fuelwood is and will remain a major source of 

energy in the Sahel mostly for the daily household life. 

Rural people are conservative and do not change 

their cooking habits because of convincing arguments pre

sented by an extension agent. As long as they can afford 

the time to collect fuelwood, there will be no need to 



change the technique with which they are familiar. 

Bajaracharya (1983) experienced a noteworthy story in 

Nepal; this could well represent a typical situation of 

rural areas in the Sahel. He said: 

An interesting anecdote was related to me by a Rai 
on how he had tried to convert to the usage of 
stove. Whether by chance or otherwise, he had 
encountered several misfortunes that year, such as 
his wife's sickness and the loss of a large 
portion of his land due to landslides. Under 
social pressure from his own family members, as 
we 11 as other re 1 a ti ves in the area, he had to 
abandon the stove and turn back to the hearth. 
The fear of angering the family deity is deeply 
ingrained since childhood. 
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It appears from the above discussion that substi-

tutes for wood will not be forthcoming. Significant 

improvements in efficiency could be achieved; but, even 

with increased efficiency, the gap between accessible sup-

plies compatible with sustained production and the present 

minimum levels of fuelwood needs will be difficult to 

close. Nearly all the reviewed authors are unanimous in 

their opinion that there is not yet a substitute energy 

which under acceptable technical and socioeconomic condi-

tions can replace fuelwood on a scale that would have a 

real impact; this means that for the last 2 decades of the 

century, Third World rural populations and probably the 

poorest urban sector have depended and will continue to 

depend overwhelmingly on the plant fuels immediately avail

able in their environment (Montalembert and Clement 1983). 
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If that is the case, the Sahel must take conscious 

effort to encourage schemes for raising energy planta

tions: this will not only improve the quality of life of 

people, but also promote economic development by increas

ing income and employment where such opportunities are' 

inadequate. Furthermore, the environmental benefits that 

could be derived from plantations are of similar impor

tance. Because such plantations will require the uses of 

capital in fuelwood investment, it is essential that the 

resources.be spent efficiently. Therefore, the next chap

ter will address the question of economic and financial 

feasibilities of fuelwood plantations. 



CHAPTER 7 

ECONOMIC AND FINANCIAL FEASIBILITY OF 
FUELWOOD PLANTATIONS 

To meet large concentrated urban and industrial 

demands of wood fuels often will require forestry planta-

tions on a substantial scale. The Sahel must make a con-

scious effort to encourage schemes for raising energy 

plantations. Man-made plantations can serve two purposes: 

1) to generate overexploited areas by natural or 

artificial means to ensure continuous exploi-

tat ion on a sustained basis~ and 

2) to increase the forest area by planting unfor-

ested lands in order to fulfill the three main 

functions of wood production, environment 

protection and recreation (Madas 1974). 

Plantations will not only improve quality of life of 

people, but also promote economic development by increas-

ing income and employment in rural areas, where such 

opportunities are inadequate. Fuelwood plantations may be 

an excellent means of checking the drift of rural people 

to the towns, for large labor forces will be required near 

the plantations. 

138 
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It is evident that the present economic circum

stances in the Sahel (unemployment, foreign exchange 

problems and inflation) call for better management of all 

sectors of the economy, including the forestry sector. As 

suggested by Grant (1979), any attempt at better manage

ment of either the economy as a whole or the forestry 

sector requires an appreciation of the re'sources invested 

in the forestry sector--including those currently being 

invested directly in afforestation and those which will 

subsequently be required before utilization can commence. 

Subsequently, economists in the public sector may help to 

provide this assessment by using the techniques of eco

nomic analysis to contribute an unbiased evaluation of the 

consequences of alternative courses of action (Grant 

1979) • 

It follows that the inclusion of economic and 

financial analysis is essential if rational decisions are 

to be made concerning the uses of the capital in fuelwood 

investment. Donors as well as Sahelian governments must 

have clear project selection criteria to ensure that pro

jects support current national priorities and to avoid 

investments which have low or no rates of return. 

Before any economic analysis is undertaken, it is 

essential to be reminded of the qualifications placed on 

the use of economics in general. The most important 
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qualification is that economics is modeling. "Just as 

surely as sandcastles are models of houses, so is econom-

ics a representation of the real world" (Grant 1979). For 

this reason alone, notes Grant (1979), considerably less 

emphasis should be given to the numerical answers, such as 

the calculated internal rate of return or the present 

value, and much more emphasis given to the relationships 

the analysis reveals and the insight it provides into the 

operations of the organization. 

Economic analysis can provide the fundamental 

insight by directing attention at a number of points which 

are not intuitively obvious. Inevitably, such analysis 

raises new questions for reconsideration and redirects the 

emphasis of the inquiries (Grant 1979). 

The present chapter then will address the question 

of economic feasibility of fuelwood plantations in the 

Sahel. It should be viewed as a suggested methodology in 

dealing with fuelwood plantation projects. In doing so, a 

word of caution is worth noting (Grant 1979): 

Neither economist nor forester should be overcome 
by the techniques of analysis; for no matter 
whether it comes from a computer or not, whether 
it is the result of complex economic argument (as 
in cost-benefit analysis) or is the result of 
sophisticated manipulation as in linear
programming analysis, the results are entirely 
dependent on the initial assumptions, as they 
must be in all modelling exercises. 
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Its purpose is to present solutions of the rotation age 

problem using some basic concepts of economic analysis, 

and to show how various kinds of economic influences will 

affect the optimum rotation. 

Several methods of economical and financial anal

ysis exist. For example, a forest manager could choose in 

advance a time at which his growing stocks would be har

vested. Such approach would not take into account the 

well-known principle of economic theory of profit

maximization (that is, harvest at that level of production 

where the marginal cost is equated with the marginal reve

nue). Another approach to the economic analysis is to 

consider the harvesting time as unknown. Obviously, the 

quantity of wood produced is a function of time. However, 

as suggested by Watt (1980), the general concern is not 

with the physical quantity as with the product of quantity 

and price (revenue), and even more than volume, forest 

revenue is a function of time. It follows that the inter

esting variable here is time, and it should be required 

that the optimal rotation age be that age at which the 

revenue obtained from a marginal period of waiting time 

equals that of cost of that time. Unfortunately, for

esters in the Sahel have adopted the former approach: the 

harvest time is fixed in advance, and the financial analy

sis is worked out from there. However, for the reasons 
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stated above and many more to follow in the paper, the 

notion of searching for the optimal rotation age should be 

the rule. 

The specific purpose of this chapter is to inves

tigate a methodology for evaluating the financial and to a 

lesser extent the economical returns of fue1wood planta

tions in the Sahel. It draws heavily upon the methods of 

evaluating timber plantations widely used in the devel

oped world, mostly those in the United States. There is 

no attempt to provide an accurate economical feasibility 

of each potential fuelwood plantation program in every 

country in the Sahel. Instead, the analysis is directed 

at one aspect of the large-scale plantations schemes, 

namely, at the economic viability of irrigated planta

tions, given the price and cost conditions that can exist 

currently. Section one introduces the criteria for 

investment decisions in forestry. Section two gives a 

practical application of decision-making techniques in 

fuel wood plantations, treated under some assumptions of a 

model that incorporates information on biological growth, 

management costs, stumpage price and interest rates. The 

analysis of the appraisal also is presented in this sec

tion. The sensitivity analysis is reviewed in section 

three. Section four evaluates the findings of the finan

cial analysis. 
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Criteria for Investment Decisions 

The mobilization of resources and the achievement 

of technological change, as well as the ability to bring 

about desirable structural changes with respect to a 

domestic economy, are of considerable consequence for 

development (Yotopoulos and Nugent 1976). The success of 

any such changes will be conditioned by the efficiency and 

effectiveness with which the mobilized resources and 

technical and structural changes are articulated in the 

form of project appraisals (Yotopoulos and Nugent 1976). 

Project appraisal focuses to a considerable extent on 

questions of efficiency. 

Ideally, the aim of project appraisal is to find 

the technically feasible solution to a given situation 

which gives an acceptable economic return, is adapted to 

the institutional and managerial situation of a given 

country, and which can be financed with the available 

resources. Therefore, projects need to be assessed in 

terms of each of these different elements. 

Benefit-cost analysis, therefore, should be a 

technique well suited to solving forestry investment prob

lems. Its aims may be said to be two-fold: to identify 

and measure the significant effects of different courses 

of action; and to evaluate these effects as far as possible 

in a single unit of account, so that effects may be summed 

• 
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up and comparisons made between the overall effects of dif-

ferent courses of actions (Price 1984). Yet, as indicated 

by Nautiya1 and Rezende (1985), it has not been used 

essentially by foresters. These authors indicated that 
, 

there are· only a few examples in the published literature 

where the technique has been explicitly used. The lack of 

enthusiasm, they add, is perhaps understandable if one 

examines the characteristics of forestry investment among 

which the role of externalities and the long period of 

time involved are very important. 

In spite of these fears, forest managers must take 

various complex decisions to answer many relevant ques-

tions. Among others, Williams (1981) lists the following: 

1). How much can someone afford to pay for the 

land for planting? 

2) What species of trees should he grow? 

3) Is he justified in expending extra money on 

cultivation, ground preparation or applying 

fertilizers? 

4) What is the optimum length of rotation for a 

certain species on a particular site to 

achieve the "objects of management"? 

In decision making, then, it is helpful to have a 

criterion against which to measure alternative courses of 

action. As stated above, a number of technical, economic 
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and financial factors combine to determine the cost-

effectiveness of investment. Although the primary aim in 

this study is to deal with financial and to a lesser 

extent economic aspects, the importance to the others is 

fully recognized. A summary of the major differences 

between the two is given by French (1980): 

Financial analysis adopts the perspective of the 
potential buyer ofa system, while an economic 
analysis considers the system's value from the 
point of v iew of society as a whole. Major 
adjustments required to reflect this broader out
look include shadow pricing, the calculation of 
social costs and benefits, and consideration of 
secondary effects. 

With the economical analysis, the aim is no longer the 

simple maximization of wood product benefits, but the 

maximization of total forestry effects including such fac-

tors as precipitation, soil conservation, wildlife protec-

tion and outdoor recreation (Nautiya1 and Rezende 1985). 

A capital investment is defined as the expenditure 

of funds for equipment or other items which will provide 

service for a period of time greater than one year. The 

accounting definition of an investment is an expenditure 

for an asset that lasts longer than one accounting period. 

Projects with costs and revenues that continue for more 

than one accounting period are also investments. Most 

forestry decisions are investment decisions, because of 

the long production process or because of the length of 

the asset's life (Leuschner 1984). The purpose of an 
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investment is to increase the future flow of goods or 

services while the real cost to the community or the 

individual of building up the asset is the loss of output 

of other goods and services which could have been produced 

if the resources had been used in alternative lines of 

production (Ward et al. 1966). 

The decision to invest or not to invest depends on 

the initial cost, the value of future cost reductions and 

cost increases, the timing of cash inflows an0. outflows, 

the expected life of the asset purchased, the cost of 

obtaining capital funds, and the type of budgetary system 

in effect. Thus, forestry (like all other natural 

resources activities) is concerned with the employment of 

resources which have alternative uses and with the satis

faction of economic wants. 

For our purpose, the two common investment cri

teria that do not use discounting, namely, the average 

rate of return and the payback period, are ignored. 

Instead, only the investment appraisals which entail 

quantifying future costs and revenues and weigh the values 

to take into account their timing by the process of dis

counting should be considered, even though the idea of 

forest rent is included. The concept of discounting the 

future is based on the premise that, in general, people 

prefer to receive benefits sooner rather than later. 



147 

Several methods exist that allow forest planners 

to choose among different criteria. As indicated by 

Thompson (1976), a criterion is simply a standard of com

parison or a common denominator by which alternatives can 

be judged and a choice made among the alternatives. It 

seems obvious, then, that forest economists need criteria 

as a basis for"making "rational," consistent decisions. A 

rational choice is one in which an individual chooses an 

option when the gains from the action in question exceed 

the losses (Pearce 1983). Among the widely used and 

accepted investment criteria in forestry, the net present 

value, the benefit cost ratio, the internal rate of 

return, the land expectation value and forest rent will be 

discussed. In addition, the profit maximization for pro

duction periods of variable length will be added as a 

suggested method to be included in forestry investment 

criteria. 

It is important to note, as pointed out by Clutter 

et a1. (1983), that any satisfactory financial criterion 

should be firmly based on two fundamental principles. 

These are (1) the "bigger the better" principle, and (2) 

the "bird in the hand" principle. Other things being 

equal, larger cash flows are preferred over smaller cash 

flows. Also, early cash flows are preferable to later 

cash flows. 
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Net Present Value 

The net present value (NPV) has several names, 

including present net worth and discounted cash flow. It 

may be referred to by any of these names, or their in i-

tia 1 s, NPV, PNW and DCF. NPV wi 11 be the term used 

throughout this paper. The NPV is the difference between 

the present value of all future relevant incomes and the 

present value of all future relevant costs, at a given 

interest rate. It is interpreted as the present value of 

the income stream generated by an investment. Leuschner 

(1984) pointed out that another way of looking at NPV is 

that all costs are charged interest from the time they are 

incurred until the end of the investment, and all revenues 

earn interest from the time they are received until the 

end of the investment. The NPV of an investment is iden-

tified by the following equation (Leuschner 1984): 

where 

n 
NPV = L 

t = 0 

NPV = the net present value 

1.0 

Rt = the revenues or posi ti ve cash flows in year t 

Ct = the costs or negative cash flows in year t 

t = the year in which the cash flows ?ccur 

(1 ) 

i = the interest rate, usually the alternative rate of 

return or the cost of the capital. 
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A second popular form in which the NPV is pre-

sented (Pearce 1983) is: 

T B 
PVtb = E 

t = 1 (1 + r)t 
(2) 

where PVtb = present value of total benefits and B = total 

annual benefits~ similarly, 

T V 
= KO + E 

t = 1 (1 + r)t 
(3) 

where PV tc = present value of total costs and KO = fixed 

(initial) investment, and V = total annual costs of opera-

tion and maintenance. 

For simplicity, it is assumed that both B and V 

remain constant for all t, and tha t there is no further 

fixed investment after time t = O. It follows that 

NPV = PVTB - PVTC 

= 
T 
E 

B 

t = 1 (1 + r)t 

T B 
- [KO + E ] 

t = 1 (1 + r)t 

Finally, a third form of the NPV, when the 

discount factor 1/(1 + r)t is expressed in terms of 

"continuous time," that is, time is not broken up into 

( 4) 

discrete periods such as years, the equation would appear 

(Pearce 1983) as: 
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NPV = PV(B) - PV(C) (5) 

where 

PV(B) = present value of the benefits~ 

PV(C) = present value of the costs. 

When the discount factor 1/(1 + r)t is expressed in terms 

of "continuous time," the equation would be presented in 

the following form: 

T 
f 
o (6) 

Note that the use of e-rt , which is the value e = 2.718, 

the natural base of logarithms, raised to the power minus 

rt, where r is the discount rate: e-rt is the same as 

l/ert• This is particularly convenient for deriving 

certain results in that, if T is made equal to infinity, 

so that benefits and costs are calculated over an "infin-

ite time horizon," the integrals in equation (4) have the 

values B/r and C/ r respectively so that: 

B/r - C/ r =. (B - C)/r = O. (7) 

An investment is acceptable if the NPV is positive 

and is not acceptable if it is negative. Competitive pro-

jects are ranked by the magnitude of NPV, subject to the 

previous condition unless there is an overall capital con-

straint. The discount rate is exogenous~ it is part of 

the input data (Pearce 1983). 
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Benefit Cost Ratio 

The benefit cost ratio (B/C) is similar to NPV, in 

that the components of its calculation are identical with 

the NPV criterion (Ghatak and Ingersent 1984). Instead of 

taking PVTB - PVTC' we use PV / TB PVTC• More precisely: 

T B T V - 1 
B/C = L [Ko + L ] (8) 

t = 1 (1 + r)t t = 1 (1 + r)t 

In use, a project is justified provided B/C ~ 1. 

Competitive projects are ranked by the magnitude of B/C 

subject to the first condition. Unlike the NPV criterion, 

this one does not discriminate between large and small 

projects. B/C is one of the most commonly used of the 

investment criteria, becauee of its simplicity and its 

indication of the relative efficiency with which the 

resources are used. Nevertheless, it has been strongly 

criticized, particularly on the grounds that it gives no 

idea at the absolute level of the gains or losses involved 

(Leslie 1967). 

Internal Rate of Return 

The internal rate of return also has several 

names, which include return on investment (ROI) and rate 

of return (ROR). The term internal rate of return will be 

used for our purpose. 
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The internal rate of return (IRR) is the interest 

rate that equalizes the present value of the costs and 

revenues. It is the value of i that causes the following 

equation to be true (Leuschner 1984): 

= 

where 

IRR = the internal rate of return 

Rt = the revenue or positive cash flows in year t 

Ct = the costs or negative cash flows in year t 

t = the year in which the cash flow occurs 

(9) 

i = the internal rate when the above equation is true 

and is the IRR. 

Otherwise, continuing with the same notation as in 

equation (8), IRR is the discount rate satisfying the 

condition NPV = KO' where KO > O. Then, a second IRR 

equation would look like (Pearce 1983): 

T B - V 
E 

t = 1 (1 + i)t 

where i = internal rate of return 

(10) 

Williams (1981) proposes a good formula in search-

ing for the internal rate of return, as follows: 

[v£ -jx 100 = IRR (11) 



where R = actual receipts: E = actual expenditures, and 

n = numbers of years. 
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The expected IRR must reach some positive minimum 

value to justify the project. Here, the discount rate (i) 

is endogenous, meaning that it emerges from the analysis. 

When the IRR (i) is obtained, this value is compared with 

the marginal costs of the capital to determine feasibility 

of the investment. The decision rule is based on the 

simple logic that funds should not be invested unless the 

expected yield exceeds the cost of acquiring the funds. 

If this criterion is used to rank alternative investments, 

the highest priorities would usually be assigned to the 

investments with the largest internal rate of return 

values. From a financial standpoint, the rate of dis

count also helps to determine the age at which trees 

should be harvested, since the rate of increase in the 

present value of growing trees should not be less than the 

appropriate rate of interest. 

Soil Expectation Value 

Soil expectation value (Se) or land expectation 

value (Le) is another investment criterion used to evalu

ate forestry projects. Le is nothing more than a special 

case of NPV that has certain restrictive assumptions about 

it: these are: 
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1) land value is zero: 

2) the land has no residual stand: 

3) the land will be forested in perpetuity: and 

4) the cash flows from the forest will be the 

same in perpetuity (Leuschner 1984). 

Se encompasses the idea of how much could someone 

afford to pay for bare land if he were to start planning a 

forest from scratch? The answer to this question was 

given in 1849 by the German forester, Martin Faustmann, as 

quoted by Gregory (1972): "The value of bare forest land 

has to be the capitalized value of the infinitely long 

series of expected periodic incomes from the timber." Le 

determines the present value of an indefinite series of 

rotations of equal length. Le also ~an be used to deter

mine an optimal rotation age or management regime (Straka 

and Hotvedt 1985). The optimal rotation age concept will 

be discussed later. 

Among the various formulas for calculating Le 

values, Gregory (1972) proposes: 

r r 

E 
Rt (1 + i )r-t 

E 
et(l i)r-t + 

t = 0 t = 0 
Le = 

(1 + i)r - 1 
where 

Le = land expectation value 

Rt = the revenue recei ved at the time t 

( 12) 



Ct = the cost incurred at time t 

r = the rotation age 

i = the interest rate. 

Forest Rent 

ISS 

Forest rent (FR) is essentially the same as culmi

nation of mean annual volume, except that the increment is 

measured in net dollars received instead of in volume 

units (Davis 1966). It is the average net income per 

year, calculated by subtracting the cost per acre from the 

revenue per acre and dividing by age. 

(Leuschner 1984): 

where 

TRA _ TCA 

A 

A = the age of the stand 

FR = the forest rent in year A 

In formula form 

(13 ) 

TR = the total revenue from harvesting the stand at age A 

TC = the total costs of growing the stand to age A. 

The FR rotation consequently defines the maximum 

net income available each year from the property. FR, 

then, can be interpreted as measuring net return from a 

"going concern." A FR rotation defines the maximum net 

income available each year from the property. Maximum FR 

represents a logical rotation to work towards in managing 



156 

a forest property of fixed area where no other business 

alternatives are considered (Davis 1966). Costs would be 

increased as a general policy, however, as long as they 

are exceeded by revenues, and total net income is conse

quently increased. In economic items, this means that 

additional expenditures would be made as long as marginal 

revenues exceeded marginal cost. 

The implied management objective of FR is maximi

zation of average net revenue. However, as indicated by 

.Leuschner (1984), only the operating costs are included in 

the calculations. He added that neither the cost of land 

nor the time value of money is included; thus, some costs 

that should be considered (if financial maximization is 

the goal) are omitted. Obviously, the exclusion of the 

time value of money and land costs precludes serious con

sideration of FR as a rotation criterion. 

As such, it must be emphasized that FR should not 

be termed an economic approach. As mentioned by Gregory 

(1972), it is often included in forestry analysis because 

it is an important part of the forest management mystique. 

Profit Maximization Through Time 

As noted earlier, time is a very important element 

in forestry investment. With time involved, the forest 

manager seeks to maximize profits per unit of time and 

will organize the silvicultural practices to attain that 
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end. The time period itself is not important because of 

the fixed relationship among units of time (Doll and 

Orazem 1978). 

Before introducing the time element, it is impor

tant to review the behavior of any profit-maximizing firm. 

This can be done by determining either the most profitable 

amount of input or the most profitable level of output. 

In our case, let us consider the first approach. Then, 

the optimum amount of variable input is that amount that 

maximizes short-run profits from the production process. 

Assume that 

Y = f(x z) 

where Y is output, x represents variable input, and z 

represents fixed inputs of production. Also, let Py be 

the price of a unit of output, and Px the unit input 

price, and FC the total fixed costs. Then, the simple 

profit (~) model as a function on the input profit 

(defined as current revenues less total costs) is: 

~(x) = Py. f(x) - Px. x - FC. 

( 14) 

(15 ) 

To maximize this function with respect to the 

variable input, x, the first qerivative should be set to 

zero as follows: 

d (x)/dx = Py.dy/dx - Px = 0 

= Py.MPP - Px = 0 

(16) 
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which implies that Py.MPP = Px. The term Py.MPP is called 

the va 1 ue of the marg ina 1 product, and the term Px is the 

slope of the total cost function (same as that of the 

total variable costs). In other words, the profit is 

maximized where the slopes of TVP (total value product) 

and TC (total costs) are equal, i.e., where MR (marginal 

revenue) equals MC (marginal cost). In our case, the 

variable input will be time. 

In forestry practices, the period of production 

will always be greater than a single calendar year. If 

that is the case, two important situations could exist: 

I} the length of the production period is fixed, and 2} 

the length of the production period is variable (Doll and 

Orazem 1978). Because fuelwood plantations will last 

longer than a year, the use of compounding and discounting 

procedures must be used. The question to be answered 

boils down to: "Given the market prices, the production 

functions and cost functions, how long should the trees 

be grown to maximize profits per unit of time?" 

In applying the profit maximization through time, 

three cases could be considered in forestry management. 

The first case assumes that annual costs are negligible, 

or nil. Then, a simple method of d~termining the most 

profitable length of time to grow the product is to dis

count future revenues (Doll and Orazem 1978). The maximum 
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discounted total revenue can be easily picked. However, 

as specified by Doll and Orazem (1978), this simple method 

is valid only under the specific assumption that the 

production process is not repeatable, or that time is not 

limited. Once costs are incurred, the general criterion 

for the optimum solution is that the percentage increase 

in total revenue must equal the percentage increase in 

total costs. When this is true, discounted profits should 

be at a maximum. 

If time becomes a factor, and the production pro

cess is repeatable, then the profit should be maximized 

per unit of time, implying the use of the internal rate of 

return (already discussed above). 

Finally, there is the cash flow analysis, which is 

based upon a statement of the costs and returns expected 

over the time period of the production. Doll and Orazem 

(1978) suggest that a financial manager (or for that 

matter a forest manager) should be aware of 1) the timing 

and amount of projected cash flows; 2) their sources and 

applications, and 3) the impact of these flows on the 

profitability and financial progress of the enterprise. 

Cash flow statements of several year's duration should be 

presented in discounted form. 

In summary, elementary economics demonstrates that 

the firm will always maximize profit by operating at that 
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level where marginal cost rises to equal marginal revenue. 

Analogously, the optimum rotation length (level of output) 

is that age of the forest in which the incremental (mar

ginal) cost rises to equal incremental (marginal) revenue 

(Pearse 1967). 

Choice of the Investment Criteria 

There exists a disagreement among financial ana

lysts over which investment criteria to use. Beginners as 

well as proven economists would save a lot of time if they 

had an accepted paradigm to follow. Unfortunately, such a 

handy rule does not exist. This has locked and committed 

many professionals and scholars to the ongoing debate of 

choosing which one to adopt. The following section will 

summarize some of the well accepted ideas. Because of the 

similarity of benefit cost ratio to the net present value, 

and the economical deficiency of the forest rent, only the 

comparisons between NPV and IRR and NPV and Le are 

included in the analysis. 

Comparison of NPV and IRR 

Considerable disagreement has existed over the 

years concerning the relative merits of IRR as opposed to 

the NPV as an appropriate criterion for ranking invest

ment opportunities. Which of the two is preferable 

depends on the reinvestment environment involved. Clutter 
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and colleagues (1983) argue that if intermediate returns 

from a selected investment will be reinvested at the IRR, 

then use of the IRR criterion will produce optimum deci

sions. On the other hand, if intermediate returns will be 

reinvested at the discount rate, then the use of the NPV 

criterion will produce the best decisions. 

An often cited advantage of the IRR is that it 

provides an answer in the form of an interest rate. This 

figure is more easily interpreted than a NPV. For exam

ple, a 20 percent IRR may be considered a good return if 

the average rate of return (ARR) is 10 percent. However, 

as mentioned by Randall (1981), the IRR criterion has 

fallen into disfavor for two main reasons: 1) IRR's are 

not easily calculated without the use of computers; 2) 

more important, the IRR criterion may derive ambiguous 

results when used in comparing projects whose time streams 

of benefits and costs are quite different. Along the same 

lines, Ward and coauthors (1966) point out that one of the 

mathematical objections to using the IRR as a criterion is 

that the equations derived from the development budgets 

take the form of polynomial functions which will have up 

to as many roots as there are years in the development 

program; in other words, there may be a different number 

of "break-even" rates of interest rather than a unique one. 
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The NPV is an absolute measure. It may therefore 

produce a high value simply because the project is large; 

it does not measure the efficiency with which the 

resources are being used (FAO 1974). For example, initial 

investments of either $10 or $10,000 can have NPV's of 

$100. Another, often cited, main drawback of the NPV is 

that it depends on an arbitrary rate of interest. The 

apparent profitability, or otherwise, of a project can 

depend solely on the rate of interest used (Williams 

1981). Nevertheless, NPV is the generally preferred 

investment criterion because it is unambiguous, relatively 

easy to calculate and compatible with the goal of wealth 

maximization of the owners (Clutter et ale 1983). Fur

thermore, it is the most comprehensive and general of the 

criteria and rules proposed for analyzing and prescribing 

investment decisions (Yotopoulos and Nugent 1976). 

Comparison of NPV and Le Values 

NPV calculations consider income from only one 

rotation, while the land expectation values are derived 

from incomes extending over an infinitely long succession 

of identical rotations. Le value maximization is an 

incomplete financial criterion for rotation age determina

tion because land value is excluded from the costs. On 

the contrary, land costs and its subsequent sale are 

included in the NPV (Leuschner 1984). 
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To conclude this section, it is worth mentioning 

two critical points made by Gittinger (1982). First, 

there is no one best technique for estimating project 

worth (although some are better than others, and some are 

especially deficient). Second, it is important to 

remember that these financial and economic measures of 

investment worth are only tools for decision making. 

Also, the tools are only as good as the information on 

which they are based (Williams 1981). Suspect informa

tions will provide suspect decisions. There are many non

quantitative and noneconomic criteria for making project 

decisions. There are external forces that can delay or 

accelerate the cut. Examples of these are weather, labor 

supply and market conditions (Leuschner 1984). Likewise, 

Leslie (1967) points out that cost-benefit analysis is an 

aid to decision making and not a substitute for it, sug

gests that noneconomic considerations need to be taken 

into consideration in applying the results of cost-benefit 

analysis. 

As previously indicated, the Sahel ian countries 

rely heavily on external financing. This precludes that 

the discounted measure chosen will depend on the prefer

ence of the financing agency which will be approached to 

lend for the project. For example, the World Bank has 

tended to use the IRR as its principal discounted measure 

(Gittinger 1982). 
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The basic decision-making methods described in the 

previous sections provides the conceptual framework for any 

forest management situation. To illustrate their applica-

tion, the following assumptions will be considered. Some 

of them are based upon a fictitious model investment. How-

ever, an attempt has been made to make the model as similar 

as possible to current economic situations in the Sahel. In 

fact, the basis for the production costs and the stumpage 

price were derived from field work conducted in 1981 in 

Niger. The data may be considered typical for the region. 

The monetary unit used throughout is the dollar. 

It could be denominated in any local currency. To convert 

the prices and costs from the FCFA to dollar, an exchange 

rate of $1 to 325 FCFA was considered. The rate reflects 

the situation of 1981. 

Assumptions 

Production Function. A forest manager must decide 

what combination of variable inputs is expected to maxi-

mize the present worth of net returns from a plantation. 

A rational solution to this management problem will be 

impossible without the knowledge of biomass production 

function for the species under consideration (Rawtat and 

Nautiyal 1985). 
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A forest plantation project is to be undertaken, 

say anywhere at the banks of the Senegal River or Niger 

River. For illustrative purpose, it is assumed that the 

definite choice of a species has been made in advance. 

The species to be planted is Eucalyptus spp. To allevi

ate the problem of fuelwood described above, fast-growing 

tree species must be raised. Eucalyptus is one of the 

exotic genera which has shown its adaptability to a wide 

range of Sahelian environments. In its native habitat, 

eucalyptus grow in a variety of climates and soils from 

the scrub deserts to the mountain slopes. The tree is a 

light demander and is resistant to fire. It does not cast 

much shade. Eucalyptus trees shed their leaves, twigs, 

branches and bark, leading to nutrient cycling in the 

soil. It has the ability to grow on exposed sites without 

shelter. It can withstand long, severely dry seasons 

(Mathur et ale 1984). 

It offers the widest assortment of uses. It can 

produce firewood, small timber and poles and is used in 

house construction. It is very popular as a plantation 

species, as it yields high volume production on short 

rotations of 6 to 8 years. If combined with proper 

spacing and management, yields have been projected between 

358 and 573 m3/ha annually on a 5-year rotation (Foster 

and Karpiscak 1983). Besides, eucalyptus is a good 
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coppicer and examples of two coppice rotations have been 

tried successfully (Mathur et ale 1984). However, for my 

case, lesser yields will be assumed. Based on many 

reports from India and Pakistan, a yield of l06.lm3 is 

easily obtained at 8 years of age. Also, if it is con

sidered that traditional growth data is based only on the 

bole of trees, and since branches, tops, leaves and needles 

can be utilized for energy, the following growth function 

seems reasonable. Therefore, I am assuming the hypotheti

cal but typical and realistic growth function: 

(17) 

where 

Yt = merchandable volume at age t in cubic meters (m 3 ) per 

hectare 

t = stand age in years. Figure 13 represents the growth 

function over time. 

Equation (17) is in the form (borrowed from 

Johansson and Lofgren [1985J) of 

at + T = f(T, M) (18) 

where at + T is the output when the forest is cut a time 

T, and M is the area of land used throughout the cycle. 

Assume that M = 1 and that we are dealing with an even

aged stand. Then, the growth function is assumed to have 

the following properties: 
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(b) f'(T) > 0 

(c) fll(T) < 0 

o < T < a, f' (a) = 0 
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(19) 

(20 ) 

(21) 

The growth function is continuously differentiable 

twice and increasing in T in the open interval (0, a). At 

T = a, the forest area contains the maximum amount of 

standing volume of wood. The assumption fll(T) < 0 means 

that the growth rate f'(T) decreases over time. This is 

certainly a simplification, for a growth function has a 

section of increasing returns fll(T) > 0, followed by a 

section of decreasing returns f" (T) < 0, as in Figure 13. 

The function expresses the volume per unit area of 

land (ha) as a function of time. This has its limita

tions, i.e., expressing the change in volume over time 

ignores all the biological and climatological factors 

which determine growth (Johansson and Lofgren 1985). Fur

thermore, thinnings and clearings are not included as 

possible forest manager's options. 

Production cost. Production costs are considered 

to be estimated based on current knowledge of production 

techniques, water requirements and fertilizers. Produc

tion costs of fuelwood usually involve land preparation, 

nurseries, plantation operations, protection, maintenance, 

administration and other miscellaneous items. The esti

mated total costs per hectare based on earlier field works 
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undertaken in Niger are shown on Table 18. A 10 percent 

increase was added to each item to adjust for 1985 prices. 

Table 18 

Estimated Total Costs Per Hectare 

Item Costs Year 

1. Site preparation costs 
Boundary demarcation 

alignment of proposed 
area 6.44 0 

Barbed wire fence 33.00 0 
Digging and filling pits 4.40 0 

2. Establishment costs 
Seedlings 5.67 0 
Transplanting/sowing 2.20 0 

3. Weeding 
First weeding 10.85 2 
Second weeding 2.77 3 

4. Irrigation/Fertilizers 53:37:16 1,2,3 

5. Maintenance, miscellaneous 82.94 All 
and other unforeseen 
expenses 

Total 254.27 

Site preparation and forest establishment costs 

were $51.71/ha ($6.44 + $33.00 + $4.40 + $5.67 + $2.20 = 

$51.71), and assumed to be incurred at the start of a 

rotation. Likewise, the first year irrigation and ferti-

lization cost, $53.00, occurred at the end of the first 

year. The second-year weeding/irrigation/and fertilizers 
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of $44 .. 85 ($10.85 + $37.00 = $47.85) was assumed to occur 

at the end of the second year. At year three, the costs 

of weeding/irrigation/and fertilizers amounted to $18.77 

($2.77 + $16.00 = $18.77). Annual costs were $82.94/ha/yr 

and are assumed to be incurred at the beginning of each 

year of a rotation. This cost includes annual maintenance 

and other costs such as head office overheads, local 

administrative salaries and costs of general forest opera-

tions (fire protection, maintenance of buildings). No 

value of land is included, assuming the land to be owned 

by the state. 

The multipliers column of Table 19 have been 

included for use in later calculations. They show that 

Table 19 

Grouped Costs Per Hectare/Year 

Expenditures 

Site preparation and 
establishment costs 

First year irrigation/fertilizers 

Second year weeding and 
irrigation/fertilizers 

Third year weeding and 
fertilizers/irrigation 

Annual costs 

Total 

Value Per 
Ha ($) 

51.71 

53.00 

47.85 

18.77 

82.94 

254.27 

Multiplier 

(l+i)t 

(1+i)t-1 

(1+i)t-2 

(1+i)t-3 

(l+i)t- l )/i 
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much of the cost of establishing a rotation forest takes 

the form of interest charges. A failure to appreciate 

that the accumulation of interest is the monetary expres

sion of the real cost of tying up resources over long 

periods of time ... "hen they could have been used in other 

lines of production (Ward et ale 1966). The role of the 

rate of interest, they add, is to act as a rationing 

mechanism for allocating scarce resources to those pro

jects which wi 11 make the best use of them in terms of 

their contribution to national output. In all, projects 

need resources, and resources cost money. Projects yield 

revenue, but only after a lapse of time, and time lapse 

means payment of interest (Price 1984). 

Obviously, the costs will vary considerably from 

place to place, depending on the different conditions and 

methods of work. Nevertheless, the above cost data may be 

considered typical for the region. 

Stumpage Prices. The method of assuming that 

future prices will be similar to those in the past has the 

advantage both of simplicity and of ready justification by 

comparison with published statistics, and it is almost 

universally used in valuing plantations for sale (Stumbles 

1985). Nevertheless, indicates Stumbles, it has two major 

drawbacks: 

1) The published statistics may be misleading. 



172 

2) A more serious objection to the use of prices 

based on past statistics, when considering the 

value of forest as an investment, is that it 

makes the assumption that the prices in the 

future will remain the same as in the past. 

Despite these limitations, it is difficult to say 

anything about the expected market equilibrium price with

out knowing more about the expected demand price and 

technical change (Hyde 1980). \'le can, however, obtain 

some insight by examining (1) the current market price and 

(2) the long-term secular trend in market prices. 

It has been mentioned in the chapter of the fuel

wood problem that prices are increasing rapidly. For 

example, studies conducted in Niamey, Niger, by the Club 

du Sahel (Freud 1981), indicated that fuelwood price has 

increased more than 50 percent relative to other goods in 

a 7-year period. If this trend continues, and there is 

evidence it will, prices of fuelwood will double within 

10 years. Also, wood prices have 40ubled or tripled over 

the past 5 years in densely settled areas in Burkina Faso 

(Winterbottom 1982). 

For our purpose, I assume a stumpage price of 

$19.28 per m3• This number has been derived by consider

ing a 3 percent annual increase on the price of a kilogram 

of fuelwood, the year 1980 being the base ($0.04/kg in 
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1980). One stere of wood corresponds to .65 m3 , or 1 m3 

equals 1.54 steres. A stere of wood weighs 250 to 450 

kgs, depending upon the species and the authors (Freud 

1981). Let us consider 300 kgs/stere for our example. A 

loss of 10 percent in the vol ume due to shrinkage after 

cutting and drying the wood is assumed. Thus, the derived 

stumpage price per m3 is: 

($0.04/kg)(1.03)5(1.54 steres)(300 kgs/stere/m3 )(.9) = 

$19.28. 

Even though the prices are rising, I am assuming 

the $19.28 per m3 to be constant for illustrative purposes 

only. In addition, the appraisal of forest properties 

using inflated cash flow has not found wide acceptance 

(Clutter et ale 1983). In addition, costs and returns 

tend to rise with inflation. 

I should mention that no account was taken of any 

non-wood (i.e., social) returns that might accrue from the 

plantations, because no information was available from 

which these might have been quantified. Their importance 

is, however, recognized. Such returns could include: 

1) Growing trees for fuelwood may save crop 

residue and animal wastes for fertilizer to 

improve agricultural productivity. 

2) If fuelwood plantations are able to prevent 

erosion of soil, to minimize loss of soil 
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nutrients, and to stabilize local hydrology, 

then concerns of national importance like 

agriculture, hydroelectric power and environ

mental quality would be benefited (Barnes and 

coauthors 1982). 

3) The steady decline of forestry resources might 

have a stronger impact on future economies in 

the Sahel. If forest resources are becoming 

more scarce in general, then wood fuels will 

soon become more expensive. This implies that 

fuel wood plantation projects become even more 

valuable. 

Interest Rate. The meaning of interest rate is of 

primary importance in economic theory of the production 

process through time. The basic consideration in com

pounding and discounting is that money received at differ

ent points in time has different values. An individual's 

preference for money through time is called his time 

preference (Doll and Orazem 1978). In deciding to invest 

a portion of his money in a productive process, an indi

vidual may base his decisions on a combination of goals 

which could include a steady future income, a chance to 

increase present income, a chance for wealth of great mag

nitude, personal satisfaction, creation of an estate or 

power (Doll and Orazem 1978). But in our situation, it is 
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applies the profit-maximizing rule of behavior. 
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Discount rates are based on the theory that the 

value of a dollar's worth of benefits, or costs, today is 

greater than the same amount of benefits, or costs, next 

year or any time in the future. One of the dominant vari

ables affecting present values is the discount rate, or 

interest rate. Interest rates are a measure of the value 

attached to time differences and, hence, provide a means 

of converting estimates to a common time period. Gener

ally, interest is recognized as the price for the use of 

money. Interest may also be defined as the rate of growth 

of capital. To be able to use discounted measures of 

project worth, we must decide upon the discount rate to be 

used for calculating the net present value, the land 

expectation value and the forest rent. The rate of 

interest must be selected with due consideration to the 

length of time involved, the purposes and the realities of 

the situation (Davis 1966). Selection of an appropriate 

rate of discount has been the most controversial concept

ual issue in cost-benefit analysis, and project appraisal 

literature abounds with competing recommendations as to 

what the rate of discount should be (deLucia et al. 1982). 

As pointed out by Gittinger (1982), there are two 

rates that can be chosen and a third that is sometimes 
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proposed. They are the "opportunity cost of capital," the 

"social time preference rate," and the third discount rate 

chosen for economic analysis of borrowing countries. The 

latter will be considered in my case, because I assume and 

expect Sahelian countries to borrow abroad for their 

investment projects. Obviously, this has the undesirable 

result that the selection of projects will be influenced 

by the financial terms available and will not be based 

solely on the relative contribution of projects to 

national income. Gittinger (1982) indicates that in most 

developing countries, the interest rate is assumed to be 

somewhere between 8 and 15 percent in real terms. He fur

ther notes that a common choice is 12 percent. For our 

purpose, I will use that rate in my illustrative best guess. 

Overall, it is assumed, first, that in any given 

year the forest manager can harvest the stand and reinvest 

the assumed regeneration cost in a new stand on the same 

land. Also, the new ·stand will have the same value growth 

function over time as the old stand. As indicated by 

Bentley and Teeguarden (1965), such assumption permits the 

weighting of resources from an infinite number of stands 

on the same acre directly on the basis of different rota

tion lengths. In addition, it implies perfect certainty 

of future economic events and a static economy where cost 

and revenue variables do not change. 
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Second, only revenues received at final harvests 

are assumed. Costs are incurred in the first 3 years, and 

annual costs are assumed to be engaged each year. The 

underlying objective of the forest management policies is 

to maximize the economic value of' the forest resource in 

terms of fuelwood production. It is further assumed that 

ecological, silvicultural and other factors render clear

cutting the optimum management regime from an economic 

point of view. To further extend the simplification of 

the model, it will be assumed that no time elapses between 

harvest and the establishment of the next crop. 

Finally, it will be assumed, as stated by Pearse 

(1967) in dealing with such simple models, that wherever a 

succession of crops is planned, all crops will be similar 

in all respects, including their economic value. Pearse 

insists that this permits the analysis to proceed unencum

bered by provisions for uncertainty and expectations of 

changing variables. 

Overall, it is assumed, firstly, that the real 

value of costs and returns remains constant with time: 

secondly, that prices are not affected by market quanti

ties (i.e., they are elastic): and, thirdly, that all the 

products from the plantation can be sold when the manager 

chooses. Furthermore, it is acknowledged that the values 

given here have been determined by estimated variables 
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rather than exact ones: therefore, this might lead to some 

arguments as to their accuracy. 

Analysis of Appraisal 

At any point during the life of a tree, the forest 

manager has the alternatives of: 1) allowing the tree to 

grow, making a capital investment: or 2) harvesting the 

tree, disinvesting and obtaining the returns on past 

investments. In either case, he is confronted with the 

problem of finding the optimal rotation age. In forestry 

language, rotation age is the focal point of traditional 

even-aged management (Leuschner 1984). A forest rotation 

is defined by the Society of American Foresters as lithe 

period of years required to establish and grow timber 

(fuelwood for our case) to a specified condition of 

maturity" (Davis 1966). The determination of the length 

of the rotation is one of the key decisions a forest man

ager must make. Many foresters think that rotation age is 

the single most important decision affecting forest man

agement. In fact, as mentioned by Gregory (1972), the 

problem of rotation determination may be regarded as the 

forestry expression of a basic economic issue. Likewise, 

Johansson and Lofgren (1985) indicate that the classical 

forest economics problem is the rotation problem. Simi

larly, Naslund (1969) notes that the problem of deter

mining optimal rotation forests has been one of the most 
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frequently discussed topics in forest economics. Further

more, Pearse (1967) indicates that the determination of 

the best age at which forests should be harvested is among 

the oldest problems in forestry. 

Generally, six types of rotation are recognized 

(Williams 1981): 

1) Physical rotation, the natural life span of 

the trees~ 

2) Technical, the length of time needed to grow 

trees to a particular size to meet the speci

fications of a certain market: fuelwood, saw 

timber or veneer logs~ 

3) Silvicultural, the rotation most favorable for 

natural regeneration, the age at which maximum 

viable seed is produced, is usually long 

before the end of its life span and could also 

be before the culmination of volume production~ 

4) Maximum volume production, taken literally, 

would be the same as the physical rotation, 

but usually what is meant is the rotation of 

maximum mean annual increment~ 

5) Maximum average income, is, in effect, the 

rotation of maximum volume production expressed 

in monetary terms. Depending upon the price-



180 

size gradient, it could be shorter or longer 

than that expressed in volume terms; and 

6) Financial rotation, widely used, is rotation 

of maximum net discounted revenue. This rota

tion is the technical relationship between 

inputs (means of production: land, capital, 

labor, equipment) and outputs defined as the 

production function (Bentley and Teeguarden 

1965). The length of this rotation will be 

very much affected by the rate of compound 

used. 

In most production analyses of economics, the time 

cost is ignored, partly for convenience but even more 

because it is of minor significance (Gregory 1972). With 

timber or fue1wood production, time is one of the chief 

inputs. Time itself has no specific value. However, it 

is an important element of the production function since 

forest production is a biological process requiring many 

years to complete (Bentley and Teeguarden 1965). The 

problem, then, becomes one of precisely comparing revenues 

and costs that occur at different points in time. Since 

trees take a long time to grow, and time costs money, 

adoption of the most advantageous rotation has much to do 

with the financial success of the forest business. 



Consequently, economic considerations underlie most 

estimates of rotation length (Davis 1966). 
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In general, the forest manager or the land owner 

chooses an objective and the rotation criterion is deter

mined by that objective once it is chosen. Accordingly, 

the purpose of this section is to discuss the different 

criteria commonly used in forestry and reviewed above to 

determine rotation age. The results obtained from the 

appraised assumptions above will be presented in this sec

tion. The procedure followed was to calculate the value 

of a criterion for ages of 3 to 30 years (I chose to limit 

the range of years because I consider the trees too young 

before age 3, and too big for fuelwood after 30 years). 

In addition, it was necessary to encompass the CUlmination 

of the mean annual increment}. Then, the age at which the 

criterion value is maximum is chosen as the rotation age. 

Even though the IRR has been discussed above, its calcula

tions have not been included. Again, the correct criter

ion to use depends on the management objectives. 

As explained earlier, the calculated values are 

based upon the costs, management and yield of the .planta

tions, together with the stumpage price. The values that 

could be produced at each rotation age from 3 through 30 

years are shown in Table 20. For each rotation age, 

column (2) shows the per-hectare yield in cubic meters 



Table 20 

Economic Development (Base Case) 

Yield Mean Annual Total Total Net 
Age (cu m3 Incre~ent Revenue Cost at Revenue 

(yrs) per ha) (cu m /ha) at Harvest Harvest at Harvest 

3 18.92 6.31 364.82 491.3 -126.55 
4 32.05 8.01 617.84 633.27 - 15.43 
5 47.72 9.54 920.01 792.20 127.81 
6 65.51 10.92 1263.10 970.21 292.89 
7 85.05 12.15 1639.79 1169.57 470.22 
8 106.00 13.25 2043.68 1392.86 650.82 
9 128.06 14.23 2469.09 1642.94 826.14 

10 150.99 15.10 2911.05 1923.04 988.01 
11 174.54 15.87 3365.20 2236.74 1128.46 
12 198.53 16.54 3827.75 2588.09 1239.66 
13 222.79 17.14 4295.36 2981.60 1313.76 
14 247.16 17.65 4765.18 3422.33 1342.84 
15 271. 51 18.10 5234.70 3915.96 1318.75 
16 295.74 18.48 5701.80 4468.81 1232.99 
17 319.74 18.81 6164.64 5088.01 1076.63 
18 343.45 19.08 6621.66 5781.51 840.15 
19 366.78 19.30 7071.56 6558.23 513.33 
20 389.69 19.48 7513.24 7428.16 85.08 

Land 
Net Expec-
Present tation 
Value Value 

-90.07 -312.51 
-9.81 -26.91 
72.52 167.66 

148.39 300.76 
212.70 388.39 
262.85 440.94 
297.92 465.94 
318.11 469.17 
324.41 455.29 
318.19 428.06 
301.08 390.59 
274.77 345.46 
240.93 294.79 
201.13 240.33 
156.81 183.54 
109.25 125.58 

59.60 67.43 
8.82 9.84 

(in $) 

Forest 
Rent 

-42.18 
-3.86 
25.56 
48.81 
67.17 
81.35 
91.79 
98.80 

102.59 
103.30 
101.06 

95.92 
87.92 
77.06 
63.33 
46.68 
27.02 

4.25 

I-' 
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Yield Mean Annual 
Age (eu m3 Inere~ent 

(yrs) per ha) (eu m /ha) 

21 412.13 19.63 
22 434.05 19.73 
23 455.43 19.80 
24 476.25 19.84 
25 496.48 19.86 
26 516.12 19.85 
27 535.15 19.82 
28 553.57 19.77 
29 571. 39 19.70 
30 588.60 19.62 

Price = 19.28/m3 

Interest = 0.12 

Tabl e 20 - Cont'd 

Total Total Net 
Revenue Cost at Revenue 
at Harvest Harvest at Harvest 

7945.79 8402.47 -456.68 
8368.49 9493.71 -1125.22 
8780.73 10715.90 -1935.17 
9182.07 12084.75 -2902.68 
9572.15 13617.85 -4045.70 
9950.74 15334.94 -5384.19 

10317.68 17258.07 -6940.39 
10672.89 19411.98 -8739.08 
11016.36 21824.36 -10808.00 
11348.12 24526.22 -13178.10 

Net 
Present 
Value 

-42.27 
-92.99 

-142.79 
-191.23 
-237.98 
-282.78 
-325.46 
-365.90 
-404.04 
-439.86 

Land 
Expee-
tation Forest 
Value Rent 

-46.58 -21.75 
-101. 37 -51.15 
-154.17 -84.14 
-204.72 -120.94 
-252.86 -161.83 
-298.46 -207.08 
-341.47 -257.05 
-381.89 -312.11 
-419.73 -372.69 
-455.05 -439.27 

...... 
00 
w 
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(Yt ). Column (3) displays the mean annual increment 

(m3/ha) and is obtained by dividing column (2) by column 

(1), that is, yield by age (Yt/T). The total revenues at 

harvest (TR), obtained by multiplying price by yield 

($19.28 x Yt ), are shown in column (4). The total costs 

at harvest (TC) shown in column (5), were obtained by the 

following formula: 

$51. 71(1+i)t + $53.00(1+i)t-1 + $47.85(1+i)t-2 + (22) 

$18.77(1+i)t-3 + $82.94«1+i)t-1 ) 
i 

where i = 12 percent interest rate 

t = Age in years. 

The values $51.71, $53.00, $47.85, $18.77, and $82.94 are 

obtained from Table 19. Column (6) shows the per-hectare 

net revenue (NR) at harvest, which is TR-TC. The NPV per 

hectare, shown in column (7), is calculated as NR/(l+i)t. 

Column (8) contains quantities identified as land expecta

tion values in formula form: NR/(1+i)t-1 ). The FR is 

given in column (9). 

The optimum rotation age using the decision-making 

techniques previously described are shown in Table 21 

below. As expected, the optimal economic production 

period is shorter than the optimal biological production, 

which occurs at age 25 (i.e., the maximum mean annual 

increment): this is true, for maximum profits from a for-

estry enterprise do not occur where mean annual increment 



Table 21. Base Case, Result Summary 

Criteria 

Net Present Value 

Land Expectation Value 

Forest Rent 

Rotation Age 

11 

10 

12 
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Amount 

$324.41 

$469.17 

$103.30 

is at a maximum. From Table 20, the mean annual increment 

reaches a maximum of 19.86 m3/ha at 25 years of input. 

Profit at this point is negative (-$4045.70). Therefore, 

the goal of optimal biological production is not compatible 

with the goal of maximum profit as long as there is a 

price tag attached to the variable input. The quest for 

maximum mean annual increment, even though an admirable 

goal, is not consistent with income maximization unless 

variable inputs are free (0011 and Orazem 1978). 

The NPV would be maximized with a rotation of 11 

years, a NPV of $324.41. The maximum land expectation 

value of $419.17 would occur at 10 years. The optimum 

rotation age of 12 years has been obtained for the forest 

rent with a value of $103.30. 

Overall, the results showed that NPV, Le , and FR 

of the eucalyptus plantation under study was negative for 

the first 4 years, and at the year 21 onwards. Therefore, 

based on the plantation management cost, stumpage price 
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estimates and biological considerations, growing eucalyp

tus for fuelwood is economically feasible. Depending upon 

the criterion chosen, the optimum rotation age occurs 

between 10 and 12 years. 

Sensitivity Analysis 

In the previous section, the results of the base 

case were presented. As in all models of this type, the 

estimates of NPV, Le and FR are a mere reflection of the 

cost, volume, price, and other data introduced in the 

model. However, all of these data are subject to error, 

and even if they perfectly reflect the true values, 

changes in the values would inevitably occur over the 

extended time periods covered by the analysis. 

As indicated by Ward et ale (1966), the major 

problem in a projection analysis is that the results of 

the development are unlikely to be exactly as planned. 

The pace of development, the physical results and the 

relationship between product prices and costs are all 

unknown, subject to the uncertainty imposed by climatic, 

economic and human factors (Ward et ale 1965). Forestry 

faces serious physical risks through fire, wind-throw and 

disease, especially on a single exotic species planta

tion. Successive years of drought, unfortunately frequent 

in the Sahel, can wipe out a forest plantation if no 



irrigation is provided. Likewise, domestic animals can 

have a negative impact on a given fuelwood plantation. 
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To make allowance for these limitations, this 

section determines the implications of shift in various 

parametric values. The sensitivity analysis will be 

carried out for selected options to ascertain the effect 

of changes in yield functions, stumpage prices, production 

costs and interest rates. Because the principles of anal

ysis are similar for all criteria, emphasis will only be 

placed on the NPV. 

Changes in Yield Functions 

The degree of risk that physical outcome may not 

be what i~ anticipated is very important. This risk 

generally will be greater for projects dependent upon 

physical processes of growth, such as land development for 

forestry or agriculture than for those of an engineering 

nature (Ward et ale 1966). For example, forestry faces 

serious physical risks through fire, wind-throw and, 

especially where a single species is dominant (as in many 

exotic plantations), disease (Ward et ale 1966). 

Soil productivity is the single most important 

variable to consider when growing plantations for fuelwood 

uses. Forestry has been regarded as an extensive land 

use, for there has been a tendency to disregard productiv

ity when planting for fuelwood. Yields are affected 
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significantly both quantitatively and qualitatively by 

site quality and a genetically superior strain (Sedjo . 

1983). Furthermore, yields fluctuate from one season to 

the next, as well as from one year to the next, mainly 

because of low and erratic rainfall (Hoekstra 1983). 

This subsection examines the impacts upon the 

investment criteria of the following hypothetical growth 

functions: 

Yield function (excellent site): 

Yt = 975.26(1-e-· 08t)2 

Yield function (good site): 

Yt = 975.26(1-e-· 06t )2 

Yield function (poor site): 

Yt = 975.26(1-e-· 04t )2 

Yield function (extremely poor site): 

Yt = 450.26(1_e-· 05t )2 

( 23) 

( 24) 

(25) 

(26) 

Tables A.l through A.4 of Appendix A exhibit the 

findings of the above yield functions. The overall 

results are summarized on Table 22. 

If the annual growth rate of the yield function is 

raised by 1 percent (from the base case to the good site), 

the NPV improves by ($678.79 - $324.42)/$324.41) = 109.24 

percent. Likewise, if it is lowered by 1 percent from the 

base case to the poor site), the NPV depresses by 87.08 

percent «$324.41 - $41.91)/$324.41). The NPV could be 



Table 22 

Changes in the Yield Functions, Result Summary 

Excellent Site Good Site Base Case Poor Site 

( R) (A) (R) (A) ( R) (A) ( R) (A) 

Net present value 10 $1216.66 11 $618.79 11 $324.41 11 $41. 91 

Land expectation 
value 8 $1902.97 9 $919.67 10 $469.17 11 $58.82 

Forest rent 11 $ 382.08 12 $197.09 12 $103.30 11 $13.25 

(R) = Rotation (years) 

(A) = Amount 

Extremely 
Poor Site 

( R) (A) 

9 -$181. 39 

10 -$274.98 

8 -$ 56.17 

1-'. 
00 
\0 
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increased by 275.04 percent (($1216.66 - $324.41)/$324.41) 

in the excellent site. The poor site yields negative 

NPV's for all the rotation age considered. 

Changes in Stumpage Prices 

All of the previous scenarios have assumed con

stant stumpage price into the future. However, as noted 

earlier, historical observations suggest that the prices 

of fuelwood are rising in the Sahel. Furthermore, there 

are reasons for expecting that this trend may continue. 

Therefore, it is appropriate that I consider the impacts 

on the decision criteria of both lesser and greater rates 

of changes say increases of 5 percent and 10 percent. No 

changes in costs of production were made so that the price 

assumptions could be regarded as real changes and in the 

value of net output. 

The resul ts of a 5 percent increase in the price 

(19.28(1.05) = $20.24, and 10 percent increase of the 

price (19.28(1.1) = $21.21 are given in Tables A.s and A.6 

of Appendix A. Obviously, the increase of the real price 

of stumpage will increase, ceteris paribus, the estimates 

of returns and, hence, the values of NPV, Le and FR. The 

optimum rotation age and dol.lar values of each criterion 

are summarized in Table 23 below. Both changes result in 

the same optimum rota tion for all the cri teria as in the 
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base case. However, the NPVs and Les have improved by 

29.85 percent for the 10 percent stumpage price increase, 

and 14.85 percent for that of 5 percent. 

Table 23 

Changes in the Stumpage Prices, Result Summary 

Criteria 

Net present 
value 

Land expec
tation value 

Forest rent 

5% Increase 
in Price 

(R) (A) 

11 

10 

12 

$372.58 

$538.01 

$119.19 

(R) = Rotation (years) 

(A) = Amount 

Changes in Production Costs 

10% Increase 
in Price Base Case 

(R) (A) (R) (A) 

11 

10 

12 

$421.25 11 

$607.55 10 

$135.24 12 

$324.41 

$469.17 

$103.30 

·Components.of the model that can exhibit a great 

deal of variation across countries in the Sahel are the 

site preparation and establishment costs as well as the 

annual costs. The irrigation-fertilizers-weeding costs 

must be incurred to sustain the yield hypothesized. In 

considering these changes, I will only consider a decrease 

in the costs under investigation. I am assuming that much 

of the labor cost input consisting generally of expatriate 



technical people could be reduced. I also believe that 

the annual costs could be easily dropped. 
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Three scenarios will be considered. The first 

scenario assumes a 10 percent decrease in the site prepar

ation and establishment costs: 51.71 - (51.71)(.1) = 

$46.54; the second change examines the effect of 10 

percent decrease in the annual costs: (82.94) (.9) = 

$74.65; and the third option explains the changes of 10 

percent decrease in both the site preparation/establish

ment costs and annual costs. 

Tables A.7 to A.9 of Appendix A present the find

ings for the changes in the production costs scenario. 

Table 24 summarizes the optimum values criteria. 

As expected, all the values of the criteria 

increase over those of the base case. For the 10 percent 

decrease in the site preparation and establishment costs, 

a 1.59 percent increase is noted in the NPV. If the 

annual costs are reduced by 10 percent, the NPV improves 

by 15.17 percent. A 10 percent decrease in both costs is 

translated by a 16.76 percent increase in the NPV. The 

optimal rotation ages correspond to those of the base case 

for all criteria. 



Table 24 

Changes in the Production Cost, Result Summary 

Net present value 

Land expectation value 

Forest rent 

(R) = Rotation (years) 

(A) = Amount 

10% Decrease 
in Site 
Preparation 
& Establish
ment Costs 

(R) (A) 

11 $329.58 

10 $476.80 

12 $104.98 

10% Decrease 
in Annual 
Costs 
(R) (A) 

11 $373.63 

10 $538.26 

12 $119.98 

10% Decrease 
in Site 
Preparation/ 
Establishment 
& Annual Costs 
(R) (A) 

11 

10 

12 

$378.80 

$545.88 

$121. 66 

Base Case 
(R) (A) 

11 $324.41 

10 $469.17 

12 $103.30 

I-' 
\D 
W 
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Changes in the Interest Rates 

To test the sensitivity of the criteria to the 

discount rates, five varying interests will be considered. 

As indicated above, the interest rates in developing coun

tries range between 8 and 15 percent. Thus, the lowest 

and the highest are analyzed here, to indicate the 

extremes between which the criteria can be expected to 

fall. In addition, a 1 percent decrease and increase on 

the base interest (12 percent), that is, at 11 percent and 

13 percent, are assumed. Finally, the interest, when it 

falls by half of its lowest possible value, is also 

analyzed~ this is considered to cover the range of 

discount rates that could reasonably be applied under 

present economic circumstances. 

Given these changes in the interest rates, the 

values of the optimum criteria derived are shown in Table 

25 below. The findings of the sensitivity analysis are 

found in Tables A.lO through A.14 of Appendix A. 

Obviously, a decrease on the interest rate will 

lower the rotat"ion age and increase the values of the 

criteria. On the other hand, an increase of the interest 

rate will produce the reverse. The examples below con

sider the effect of decreasing or increasing interest on 

the NPV by a unity. A 1 point decrease in the interest 

(from 12 to 11 percent) could increase the net present 



Table 25 

Changes in the Interest Rates, Result Summary 

12% 
4% 8% 11% (Base Case) 13% 15% 

Criteria (R) (A) (R) (A) (R) (A) (R) (A) (R) (A) (R) (A) 

Net present 
value 22 2168.95 15 783.57 11 400.94 11 324.41 10 258.41 9 159.79 

Land 
expectation 
value 16 4106.91 12 1224.61 10 593.93 10 469.17 9 370.56 9 223.26 

Forest rent 21 234.36 15 165.71 13 117.77 12 103.30 11 89.46 10 63.51 

(R) = Rotation (years) 

(A) = Amount ($) 

t-' 
\0 
U1 



value by 23.59 percent. On the contrary, a 1 percent 

increase in the interest rate (from 12 to 13 percent) 

would decrease the NPV by 20.34 percent. 
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By lowering the interest rate to 8 percent, the 

NPV would improve by 141.54 percent, and the rotation age 

will lengthen by 4 more years (from 11 to 15 years). 

Meanwhile, an interest rate of 15 percent will depress the 

NPV by 103.02 percent, and a rotation age of 9 years. If 

the interest rate were to drop to 4 percent, the NPV would 

improve by 568.58 percent, and the rotation age will 

double (from 11 years to 22 years). 

In summary, this section has focused on the sensi

tivity of the criteria of the base case to some important 

types of changes: 

1) changes in the yield functions: excellent 

site, good site, poor site and extremely poor 

site; 

2) shifts in the stumpage prices: 5 percent and 

10 percent increases; 

3) alterations in the production costs; 10 

percent decrease in the site preparation and 

establishment costs, 10 percent decrease in 

the annual costs, and a 10 percent decrease in 

both costs; and 
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4) modifications in the interest rates: impacts 

of 4, 8, 11, 13 and 15 percent interest. 

The sensitivity analysis demonstrates the fol

lowing points. First, the discount rate used is very 

important as a determinant of the size of the criteria. 

The rate of interest used for compounding costs, capital

izing n'et incomes and discounting future values to their 

present worth can have a market bearing on the resul ts of 

the study. Second, the productivity of the site is a very 

significant factor. Third, for the three cost scenarios 

examined, the size of the values of the criteria is not 

significantly affected. The 10 percent decrease in the 

annual costs had a greater impact on the criteria mostly 

because of its magnitude. Fourth, the sensitivity analy

sis revealed that 5 percent and 10 percent increases in 

the stumpage prices were not very significant to alter 

significantly the size of the values of the criteria. 

Evaluation and Conclusions 

The purpose of this chapter was to investigate a 

methodology dealing with the financial and economical 

analysis of fuelwood plantations in the Sahel. This sec

tion of the chapter presents some policy recommendations 

to the fuelwood situation based on the findings of the 

chapter. These policy recommendations will be brief, for 

Chapter 11 will be entirely devoted to that subject. 
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Decisions in forestry will involve questions of 

forest plantation location, species choice, technological 

inputs and management regime. They all playa major role 

in increasing future supplies of fuelwood. For planta

tions to have noticeable impact upon the long-term solu

tion to the fuelwood problem in the Sahel, two conditions 

must be present. These are reasonably favorable economics 

and substantial good land areas available for production 

of trees. 

In allocating the land to different uses, meticu

lous investigations should be undertaken to ensure that 

the best economic activity (that is, the use that offers 

the highest economic return) is chosen. In that respect, 

forest plantations, as illustrated by my study, can be of 

high value of the land. As indicated by Hyde (1980), if 

agricultural history is any indication, then, as forestry 

becomes a more crop-oriented technology and less a mining 

operation, concentration of production on the best sites 

will become more efficient. 

My sensitivity analysis on the growth yield func

tions has demonstrated that the optimal criteria are very 

site-sensitive. It follows that the traditional practice 

of limiting the forest plantations into unproductive 

marginal lands should be avoided. High-yielding forest 

plantations are possible on good quality land induced by 
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site improvements or planted with fast-growing species. 

Fast-growing trees have the potential to meet the increas

ing demands for fuelwood provided they are managed on a 

sustained basis. Tree plantations are not suitable for 

every site or deforested area. Therefore, soil capability 

studies are an essential prerequisite for determining 

general suitability for plantation forestry. In that 

respect, the use of satellite imagery, aerial photography 

and other images will playa major role. 

As reported elsewhere, with population growth, the 

demand for arable land is increasing rapidly, forcing 

people to cut still more trees to clear land for agri

culture. This creates the urgency for agroforestry prac

tices to meet the needs of rural families for fuelwood and 

building poles, and to improve yields in agricultural and 

pastoral activities by improving the fertility of the 

soils. Both plantation forestry and agroforestry can play 

important roles in. reducing pressures on the remaining 

natural forests as well as alleviating local scarcities of 

wood. 

Higher fuelwood prices will make alternative 

energies more attractive, and increase the financial and 

economic returns to fuelwood plantations. However, the 

current traditional land tenure systems in the Sahel 

militate against the development of forestry-related 
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activities and provide little economic incentive for pri

vate tree planting activities. As long as there is "free" 

indigenous wood, people will neither grow many trees nor 

turn to alternative sources of energy. Therefore, public 

intervention will be necessary, first, by raising stumpage 

taxes to act as an incenti ve to reduce fell ing and to 

encourage private plantings. Conclusions reached by many 

authors point out that the permit fees imposed by the 

governments on fuelwood loggers are kept low (Dwomoh 1983; 

Anderson and Fishwick 1984; and Gorse 1985). A tax 

increase would be certainly to encourage conservation and 

raise revenues. The idea would be to reduce the profit 

and distribution margins of the loggers and the traders. 

Plantation-type fuelwood projects have had diffi

culties in showing good financial returns, notwithstanding 

the rising scarcity prices of fuelwood and the low costs 

of labor in rural areas (Anderson and Fishwick 1984). The 

reason, these authors added, is that they require signifi

cant financial expenditures on labor and materials for the 

preparation of land, fencing, planting seedlings, the 

maintenance and protection of the property. Higher costs 

will always impact negatively in the criteria values. 

Cost reduction should be a major policy for the Sahel ian 

governments. The option of choosing the least cost 

investment applies more in the Sahel than anywhere else; 
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this leads us again to the concept of agroforestry. 

Governments should encourage and facilitate the involve

ment of farmers into the practice. As indicated by 

Anderson and Fishwick (1984), the economic returns for 

agroforestry can be expected to be greater than those of 

large scale, publicly financed fuelwood plantations for 

two reasons: savings in labor costs and ecological and 

environmental benefits. 

The sensitivity analysis demonstrates that the 

discount rate used is important in determining the size 

and sign of the criteria values. The higher the discount 

rate, the more present costs and benefits are valued and 

the less potential future costs and benefits are worth. 

It was seen that one unit increase in the interest rate 

had reduced the NPV by 20 percent. The interest rate 

bears with it the cost of time. In negotiating the fund

ing of fuelwood projects, planners should always seek to 

get a low interest rate as difficult as it is. Higher 

discount rates can be a direct disincentive to developing 

nations that might otherwise consider fuelwood planta

tions. 

My analysis is limited to a single line of activ

ity, representing a serious drawback. A more complete 

financial analysis would have included several alternative 

uses of the resources. For example, different species 
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with varying growth function, cost of production and per

haps prices could have been compared. Nevertheless, only 

one species and its underlying assumptions were developed 

and analyzed. This arose from the fact that my main 

. objectives were to show and propose some methodology in 

determining the optimum rotation age. 

Even so, there are several areas where improve

ments in the data could be made. Better estimate of the 

yield functions would undoubtedly improve the accuracy of 

the results. Obviously, there are other methods of 

expressing yield as a function of time. Whatever the form 

used, the important point is to treat production as a 

function of time; this would simplify the problem by solv

ing for the rotation age and in the process determine the 

size and sign of the decision criteria. 

The analysis failed to include the notion of taxes 

into the model, on the assumption that the land belonged 

to the state. Nevertheless, it would have been more com

plete if they were accounted for into the model. It is 

known that all kinds of taxes will decrease the value of 

lands by reducing the size of the value of the criteria, 

and in most cases shortening the optimal rotation age. 

On the other hand, some would argue that my 

assumptions were too optimistic if not too simplistic. 

There seems to be a widespread concensus of opinion among 
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foresters working in the Sahel that commercial fuelwood 

plantations are not financially feasible. To those, I 

would argue that fuelwood plantation investments should be 

viewed beyond their sole financial outcomes. 

Even though the financial returns are important to 

consider in assessing fuel wood plantations' feasibility, a 

broader national policy objective should be to halt 

environmental degradation. This objective is of over-

riding importance to all the Sahelian states, because the 

current rate of deforestation jeopardizes the agricultural 

production base which provides the livelihood of over 90 

percent of their populations. As such, I strongly believe 

in the following conclusions reached by MacKillop (1980): 

And the concept of de novo energy plantations, 
special purpose large scale biomass production 
facilities, can itself be validated economically 
when externalities, social need, future fossil 
fuel costs and a new approach to investment analy
sis are taken. On the simple ground of ecological 
cost, perhaps the least appreciated externality, 
forest plantations, is the most attractive. 

Finally, I do agree that one final word of caution 

is necessary. Before embarking in large-scale fuel wood 

plantations and/or agroforestry systems, it is crucial to 

know several things. Among others are included the 

farmers' attitudes toward tree planting, the marketing 

system for firewood and charcoal, including prices at 

various points from farm to ultimate users (rural, urban 

and commercial), and the patterns of fuel use in urban and 
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rural areas; this has prompted the study of fuelwood con

sumption/demand in the Sahel ian countries using secondary 

data from various sources. The succeeding chapters will 

look into that subject. 



CHAPTER 8 

SURVEY AND CRITIQUE OF THE LI'rERATURE 

Forest economists have long relied on empirical 

models to better understand the forces influencing demand 

and supply of forest products. According to Kumar (1985), 

the supply and demand models of wood products have, by and 

large, been adaptations of models used in other commodi

ties. The short-run model of Marshallian theory defines 

demand as a schedule of amounts that the given market will 

take at various prices, and the supply as a schedule of 

quantities that producers will be willing to manufacture 

as prices vary (Gregory 1972). In a graph the intersec

tion of supply and demand curves identifies the equilib

rium market price and quantity. 

In market economies, Gregory (1966) writes that 

consumption is usually assumed to be synonomous with the 

equilibrium market quantity, but sales and consumption 

differ substantially at any instant of time, although over 

a long period they approach identity. On the other hand, 

he adds, in non-market economies or with products for 

which markets are poorly organized (fuelwood, for example), 

the intersection of demand and supply curves may often be 

taken as synonomous with consumption. 
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Modern quantitative economics has developed tech

niques permitting derivation of statistical demand and 

supply functions. During the last 30 years, the speci

fication of forestry models has evolved from simple 

graphical methods of analyzing supply and demand of one 

commodity to more complex ones specifying the interlocking 

market relationships between various wood products in the 

sector (Kumar 1985). 

Regarding fuelwood consumption, however, such 

studies are limited. Laarman and Wohlgenant (1984) 

pointed out that this is due in part to theoretical and 

empirical difficulties inherent to studies of fuelwood 

supply and demand. The first difficulty, they note, is 

the non-market origin of much fuelwood production and 

consumption. Because most fuelwood does not pass through 

organized markets, fuelwood consumption studies are 

hindered by lack of reliable data. Secondly, they pursue, 

most fuelwood studies to date are small-area surveys 

examining fuelwood consumption for villages, watersheds, 

or ethnic groups. Published examples are Fleuret and 

Fleuret (1978), Dunkerley (1979), Chauvin (1981), French 

(1984), and Arnold (1979). 

It follows that ·the aim of this chapter is to 

contribute yet another document to the list of studies of 
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wood products based on econometric models. An understand

ing of the relative importance of the factors influencing 

fuelwood demand is needed to aid Sahel ian public policy 

makers, particularly at a time when substantial investment 

in the field is considered. The present chapter is then a 

modest contribution to that end. It would yield a pro

posed macroeconomic approach to the fuelwood problem in 

the Sahel. 

The chapter introduces the literature on wood 

products consumption, and economic development. It begins 

with a discussion of the conceptual problem inherent to 

the empirical estimation of demand, that is, the neoclns

sical theory of demand. Section two gives a summary of 

models and empirical works on demand for wood products in 

general. The literature in the field is so large that the 

models have been selected because they were extensively 

ci ted in the 1 i tera ture, and were in a way re 1 a ted to my 

investigation of the determinants of woodfuel demand. In 

the final section, the reviewed literature is summarized 

and evaluated. 

Neoclassical Theory of Demand 

According to the neoclassical theory of choice, 

the demand for goods and services consumed by individuals 

is derived from the maximization of a utility function of 

the form: 
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(27) 

sUbject to a budget constraint PiQi = I, where Qi are 

goods or services consumed, Pi are prices of Qi' and I is 

money income. On the assumption that the conditions for a 

global maximum are satisfied, the demand function can be 

represented symbolically for Qi as 

where variation in Qi is related to relative price, 

income, and taste. 

(28) 

Let us consider the simple case in which a consum

er's purchases are limited to two commodities. Then, his 

ordinal utility function (Henderson and Quandt 1980) is: 

(29) 

where ql and q2 are the quantities of the two commodities 

Ql and Q2 which he consumes. It is assumed that f(ql' q2) 

is continuous first- and second-order partial derivatives, 

and is a regular strictly quasi-concave function. Fur

thermore, it is assumed 'that the partial derivatives of 

(29) are strictly positive. This means that the consumer 

will always desire more of both commodities. It implies, 

further, that the consumer is rational. Let us assume he 

desires to purchase a combination of Ql and Q2 from which 

he desires the highest level of satisfaction. However, 
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his income is limited, then his consumer's budget con-

straint can be written as: 

where yO is his (fixed) income and PI and P2 are the 

prices of Ql and Q2 respectively. The amount he spends on 

the first commodity (Plql) plus·the amount he spends on 

the second (P2q 2) equals his income (yo). 

So, the consumer desires to maximize (28) 

subject to (30). The Lagrangian function is: 

where A is as of now an undertermined mul tiplier. The 

first order conditions are obtained by setting the first 

partial derivative of (31) with respect to ql' q2' and A 

equal to zero: 

av 
fl 0 aql = - API = 

av 
f2 AP2 0 (32) Tq2 = - = 

av = yO _ 0 aA Plql - P2q 2 = 

Transposing the second terms in the first two equations of 

(32) to the right and dividing the first by the second 

yields: 
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(33) 

It says that the ratio of the marginal utilities must 

equal the ratio of prices for a maximum. The two first 

equations of (32) may be also written as: 

fl/Pl = f 2/P2 = A(34), i.e., marginal utility 

divided by price must be the same for all commodities. 

The Lagrange multiplier can be interpreted as the marginal 

utility of income. Since the marginal utilities of com

modities are assured to be positive, the marginal utility 

of income is positive. 

The second-order condition as well as the first

order condition must be satisfied to ensure that a maximum 

is reached. Denoting the second direct partial deriva

tives of the utility function by fll and f22 and the 

second cross partial derivatives by f12 and f 2l , the 

second-order condition for a constrained maximum requires 

that the relevant bordered Hessian determinant be positive: 

fll f12 - PI 

f2l f22 - P2 

-PI -P2 0 

> 0 

Survey of Existing Models 

(35). 

Several studies have been selected and reviewed. 

Although these studies are not exhaustive, they give a 

good picture of the problems related to modeling and 
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estimating the demand functions for wood products. They 

also show how the empirical estimates vary with the models 

and the data used in the studies. For purpose of simplic

ity and categorization, the section has been divided into 

three main parts: graphical analysis, econometrics models 

(simple linear models, dynamic models, and other relevant 

studies), and specific fuelwood studies. The procedure is 

to present the theory in each study, summarize the results, 

and evaluate the individual study. 

Graphical analysis 

Graphical analyses are based on the premise that 

when elaborating prognoses regarding the consumption of 

industrial wood, economists need not determine the exact 

nature of the mathematical correlation (Madas 1974). 

vlhat is wanted is only to determine, from the values of 

one variable, the values of another. For this, the advo

cates say, the graphical methods is completely sufficient. 

One important advantage of the graphical methods is that 

it clarifies the correlations to those readers not famil

iar with mathematics (Madas 1974). 

Early studies of supply and demand in forestry 

were mainly graphical analysis. Zivnuska, quoted by Kumar 

(1985) analyzed lumber production and price. He regressed 

the price variable (index of wholesale lumber prices) on 

the quantity of lumber produced for three different 
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periods, 1922-29, 1931-41, and 1945-1953. Zivnuska noted 

that the price elasticity of supply had reduced from 0.76 

in the first period to 0.37 in the last. He interpreted 

the regression lines of the three periods, as zones within 

which intersections of supply and demand took place in 

response to short term fluctuations in each period and the 

shifts between the lines represented the long-term trend 

in the level of intersection. Kumar (1985) indicated the 

quantity variable could represent both supply and demand, 

likewise the elasticity computed could therefore be a 

mixture of both supply and demand elasticities. Obvious-

ly, the effects of other factors explaining supply and 

demand were ignored. 

Using a similar model, Holland as quoted by Kumar 

(1985), showed how lumber prices had risen while total 

lumber consumption expanded only moderately between 1920-

1955. The independent variables used by Holland were per 

capita lumber consumption, per capita expenditure on con-

struction, and an index of lumber processing costs. As 

concluded by Kumar (1985): 

Such a method, at least on the basis of economic 
theory, is invalid, and the results, consequently 
are dubious. Despite their naivete, the two 
studies pointed the way for further improvements. 
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Econometric Models 

Simple Linear Models. Studies performed in the 

1960's by FAO and some other international agencies had 

focused on consumption forecast of forest products. 

Several functions have been developed showing the average 

relationship between national consumption of forest 

products and national income and population (usually 

expressed as per capita income). Those international 

studies have used time series data and cross-sectional 

data. The first category has relied on pure time-series 

data which record yearly or quarterly variations in vari-

ab1es relevant to the country or region of interest. The 

second category of models has relied on pure cross-

sectional analysis. Here, observations relate generally 

to different countries observed at a specific point in 

time (Buongiorno 1979). 

In both cross-section and time-series data, the 

usual consumption model takes the following form 

(Buongiorno 1977): 

C·· = f.(Y·, I;;'.} 
1J 1 1 1J 

(36) 

where Cij is per capita consumption of product j (j= 1 

, •••• , p) in country i (i = 1, .~ •• , N) in a specific year 

or more often the average consumption, generally over 3 

years~ Yi is per capita income or more frequently gross 
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domestic product (GDP)~ f is a specific functional form~ 

and E is a disturbance term. 

The consumption function is then estimated by 

least squares. The idea behind this model is that the 

essential driving fo"rce causing the growth of consumption 

is the growth of income (Buongiorno 1977). 

In 1966, Gregory attempted to improve the FAO 

model by adding a wood availability index (WAI), which 

could be generally written a's (Kumar 1985): 

WAI = C r (softwood ~re~) a (hardwoo~ areC!) J L' populat~onl populat~on 7-J 
. (37) 

where a and b are the respecti ve weights for softwood and 

hardwood acreage in commercial use, and C is the constant 

multiplier. To derive the WAI to be included as variable 

in the consumption function, Gregory (1966) used 142 as 

the value of C, .8 and .2 as the respective weights of a 

and b. 

Subsequently, Gregory used consumption functions 

of the form (Buongiorno 1977): 

(38) 

where C and Yare defined as in (36) and W is an index of 

wood availability based upon the forested area of coun-

tries. 
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The WAI index takes into account the physical 

limit of forests. However, it does not reflect changes in 

quality, nor does it make sufficient allowance for cost 

factors (Kumar 1985). Also, it is certainly not a demand 

variable, and hence its use in the consumption function is 

theoretically unsuitable. One other serious limitation of 

(37) when used for long-term forecasting is its static 

character (Buongiorno 1977). From Gregory's own words 

(1966), there are some limitations in the model. In fact, 

he admits: 

Unless data on wood consumption, income, and 
wood availability are reasonably accurate, or 
enough observations are present for reasonably 
good averages, little should be expected from 
an analysis of the kind attempted here. 

However, it should be recognized that the wood availabil-

ity index variable could be more relevant in the supply 

function. 

Dynamic Econometric Models. According to 

Buongiorno (1967), a general consumption function should 

have two characteristics. First, it should be dynamic to 

allow for technological and other changes independent of, 

or partially reflected by, the growth of income. Second, 

the function should be able to account for the major dif-

ferences between countries and regions. Such differences 

could include disparities in forest resources as well as 



other elements such as distribution of wealth, climate, 

and all the cultural originalities of nations. 

Dynamism is achieved in commodity models by the 

use of distributed lag or autoregressive procedures 
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(Kumar 1985). In a distributed-lag model, the regression 

equation not only uses the current but the lagged (past) 

values of the explanatory variables. It is an autoregres

sive model if there are one or more lagged values of the 

dependent variable among its explanatory variables. If we 

accept current consumption as a proxy variable for all 

past and economic, social, and ecological forces bearing 

upon the forest economy of a country, then a simple con

sumption function can be as follows (Buongiorno 1977): 

(39) 

where C, Y, and € are defined as in (38), t is a specific 

year and e is a time lag. 

Several studies had incorporated such delayed 

responses in their models forecasting future consumption 

levels of wood products. Three of the most relevant are 

rev iewed here. 

Buongiorno's 1977 Dynamic Consumption Model. 

Buongiorno argued that the driving force in the growth of 

consumption of products in a country is the growth of 

income, as measured by the change from Yt - e to Yt • He 
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also pointed out that the response to a given change in 

income varies depending upon the initial level of income 

and consumption. The demand equation used was in the 

following form (subscripts i and j are omitted for 

simplicity purposes): 

Ct = aC~_e Y~ Y~-e €t (40) 

where C and Yare defined as in (38), a is the constant term 

coefficient, and 5, Y, and 0 are the respective parameters of 

Ct - e' Yt , Yt - e, and € the error term. 

Equation (40) can be rewritten as: 

(41) 

This does reveal explicitly the role of the cur-

rent level of consumption relative to the current level of 

income in determining future consumption, given a specific 

initial level of income and a specific change of this 

income from Yt - e to Yt • From (40), the relative change of 

consumption rc over the period e is: 

(42) 

If income change tends to zero, the elasticity tends to 

infinity, but the growth of consumption is still finite, 

defined by setting (Yt = Yt - e = Yo) in (42), 



218 

r = C8- 1 yo+y - 1 
c ex t-e 0 

{43} 

The relative change of income ry during the same period, 

{44} 

Given equation {43} and {44}, the income elasticity of 

consumption Ec.y over the period e is: 

(45) 

Using the consumption-income adjustment patterns 

as in (40), Buongiorno (1977), computed two consumption 

functions. The first relates to sawn wood in developing 

countries: 

= 0.226 C· 511 y1.159 y-.610 
t-10 t t-10 

{46} 

where C is measured in cubic meters per thousand capita 

and Y in dollars per capita. The second example uses the 

consumption function for cultural paper in developed coun-

tries: 

= 1.423 C1 • 088 y1.404 y1.503 
t-10 t t-10' 

{47} 

where C is measured in metric tons per thousand capita and 

Y is measured as in {36}. 

In natural log form, equation (40) may be 

expressed as: 
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Without going deeply into Buongiorno's study, it 

can be summarized that he carried out statistical esti-

mates of the functions for 11 wood products using data 

from 130 countries observed at 10 years intervals (1961-

1971). He grouped countries on a per capita basis into 24 

developed and 106 less developed countries. The results 

showed higher standard errors and lower values for the 

latter. They generally showed positive sign for~, 
A a , 

A 

and Y , and negative for 
A • 

0, s~nce for given Ct - 10 and Yt 

the country with the highest income growth, and thus the 

lowest Yt - , should usually reach higher levels of future 

consumption. 

Buongiorno (1977) indicated that overall the 

statistical results appear to support the hypothesis that 

current consumption and income play a major role in addi-

tion to future income in the determination of future 

consumption. He further wrote that the consumption func-

tion proposed is economic in terms of data and can be 

readily applied to developing countries where statistics 

are scarce. A major attractiveness of the model is its 

generality, the same formulation applying to products as 

different as structural wood and cultural paper and to 

regions as different as developing and developed coun-

tries. However, from his own words: 



Further research is needed to develop a 
consumption function which could be additive 
and would, nevertheless, forecast with the 
maximum accuracy the behavior of the major 
aggregates which are the primary concern of 
national and regional planners. 
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Despite its generality from. a theoretical point of 

view and the facility of integrating the model within 

automatic systems to complete forecasts for a large number 

of countries and products, Buongiorno warned: "that one 

should not forget the weaknesses of the methodology, 

particularly its low accuracy when applied to the most 

disaggregated products within developing countries." 

Buongiorno's 1978-1979 Studies and the Double Log 

Linear Function. In 1978, Buongiorno worked with a simi-

lar model to that presented above in a study of income and 

price elasticities of paper and paperboard consumption for 

43 countries, both developed and less developed, using 

1963-1973 data. To estimate the demand equation, he used 

a slightly different log form equation than in (48), i.e.,: 

The difference between the two is that the lagged income 

variable was dropped, and another variable, the price of 

the most direct substitute, St was incorporated. S2,Sl' 

and S3 are the income, price, and cross-price elasticities 

of demand respectively. 
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Continuing in his series of income and price e1as-

ticities of demand of wood products, Buongiorno (1979) 

used the classic double-logarithmic formula: 

(50) 

where Qijt is per capita consumption of product j in 

country i in year t~ Yit is per capita income in country i 

in year t~ Pijt is the price of product j in country i in 

year t~ and ~ijt is an error term. As quoted by Buongiorno 

(1979), Labys points out that the model is static in that 

form since time does not appear explicitly in the formula-

tion. 

The coefficients b j and Cj are the income and 

price elasticities, respectively: 

and 

c· = (a Q .. tl Q .. t) I (a p .. t l p .. t) J 1J 1J 1J 1J 

(51) 

(52 ) 

The elasticity of demand of product price and the 

elasticity of income are measures of the degree of respon-

siveness of demand of product Qij to changes in product 

price Pij and income Yit respectively. 

In the same study, Buongiorno (1979) used 

Ner1ove's dynamic theory allowing a distribution between 

short-term and long-term demand elasticities. The essence 
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of the model without presenting the mathematical equation, 

is that demand would adjust immediately to changes in 

income and price. Furthermore, Nerlove postulated that 

the change in current consumption is directly related to 

the difference between current consumption and the long-

run level of consumption implied by the level of income 

and price (Buongiorno 1979). 

Serious bias may result from using the classical 

double-logarithmic formula as presented in (50) above if 

there are important differences between countries which 

are unaccounted for by the variables in the model. 

Several authors have used the analysis of covariance model 

to circumvent this problem (Buongiorno 1979). In such 

cases, equation (50) would be as follows: 

In Qijt = bjlnYit + cjlnPijt + , 
~ 

N 
E ai + IJ' 't' 
= 1 ~J 

(53) 

where ai is the coefficient of a dummy variable assuming 

the value one for all observations belonging to country i, 

and zero otherwise: N is the number of countries. In this 

procedure, indicates Buongiorno (1979), the original error 

term IJijt in (50) is reduced to a systematic effect and a 

random residue IJijt'. The role of the dummy variables is 

to account for demand effects which vary across countries 

but remain constant over time and are not attributable to 



the causal variables Yit and Pijt (Buongiorno 1979). 

Quoting Wallace and Hussain, Buongiorno insisted that: 

Recent theoretical developments lend considerable 
support to covariance estimators in models with 
exogeneous explanatory variables. They are 
unbiased, asymptotically equivalent to generalized 
least-squares estimators, and they serve to "clean 
up" specification errors which are almost unavoid
able in this type of analysis. 
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For further theoretical approach on the use of the 

dummy variable, readers are referred to Buongiorno (1979). 

In concluding the study, Buongiorno pointed out that the 

results he obtained showed that it is misleading to talk 

about "the" income or price elasticity of forest products 

without mentioning the length of time involved. If the 

period is long, he continued, say over 5 years, long-term 

elasticities derived by the static model (50) may be used. 

However, for shorter periods, dynamic adjustment models 

(49) should prove much more accurate in predicting the 

response of forest products demand to income and price 

changes. 

Hartis Study (1983). Using the double log linear 

function, Hart (1983) estimated the aggregate demand elas-

ticities for paper and paperboard in Japan, either domes-

tically produced or imported into Japan. Hart examined 

data for aggregate paper and paperboard using available 

annual time series data for consumption of these products 

during the period 1965 to 1981. From the estimates of the 
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income and cross price elasticities of demand, he concluded 

that the market growth potential for domestically produced 

paper and paperboard in Japan is limited, and that in-

creases in prices of domestically produced paper and 

paperboard may lead to market increases in the consumption 

of imports at the expense of domestic production of these 

items. 

Hart (1983) performed his estimates by using two 

forms of the doubl e log 1 inear function. The first is the 

same as above (50), where demand is assumed to be deter-

mined by "own" real price and income. The second includes 

the price of substitute goods. This latter function is 

presented as follows: 

In X· . = a + bllnP .. + b 2 1nM .. + b 31nP .. 1 + ~ .. 
~J ~J ~J ~J ~J 

(54) 

where Xij is the consumption of the ith product in year j, 

a is a constant, b l is the coefficient or price elasticity 

of demand of deflated product price Pij in year j, b 2 is 

the coefficient or income elasticity of deflated income 

Mij in year j, ~ij is a random error in year j, Pij is the 

price of sUbstitutes in year j, and b 3 is the cross price 

elasticities of demand which is defined as: 

= dxij x p .. 1 = 
dP", ~ 

~J ~J 

dlnX· . .J dlnP· '1 
~J 

(55) 
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In assessing his study, Hart (1983) suggested that 

more rigorous procedures and.less aggregated data would 

lead to more estimates. He pointed out that given prob

lems of least square bias his values of the t-test and 

the corrected coefficient of determination may be biased 

upwards, and the results must be interpreted with caution. 

Furthermore, there exists difficulty in interpreting the 

results with the assumption of constant demand elastici

ties. 

Other Relevant Forestry Studies in Econometrics 

The survey on econometric models used by foresters 

would have been incomplete, if no mention were made on the 

work of McKillop (1967). In fact, in term of rigor, indi

cates Kumar (1985), the largest econometric work has been 

that of McKillop, who studied the supply and demand rela

tionships of lumber, paper, paperboard, plywood, veneer, 

roun"dwood and stumpage in the United States by using data 

of 1929-41 and 1947-1960. In any event, it is not the 

intent of this dissertation to dwell on specifics about 

McKillop's study. Interested readers are referred to 

"Supply and Demand of Forests Products: An Econometric 

Study", by McKillop, in Hilgardia 38 (1), the whole 

issue. 
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Kumar (1985) summed up McKillop's work by noting: 

McKillop's specification in a sense was more 
detailed than previous studies. But he made the 
same mistakes as some earlier studies by includ
ing supply variables in his demand equations. 
Whi Ie the use- of the ratios of past pr ices of 
the commodity in consumption to its wood substi
tutes and non-wood products substitutes was 
theoretically justifiable, his inclusion of such 
variables in the demand equations as wages, 
productivity, freight rates and value of con
struction was ad hoc. His supply equations, 
however, were more acceptable and rigorous in 
the sense that costs of inputs were meticulously 
stated. But there is a disadvantage in using 
too many variables. One can expect the current 
and past prices of wood products and its substi
tutes to be correlated, and also the value of 
construction with wages, the price of petroleum 
with electricity, and this might distort the 
results. 

Other studies in econometrics dealing with wood 

products in the USA include those of Robinson (1974), 

Leuschner (1973), and Adams and Blackwell (1973). 

Leuschner's econometric study treated the Wiscon-

sin Aspen pulpwood market. His study differs from the 

previous ones so far discussed, in that he introduced the 

notion of market equilibrium with the intersection (iden-

tity) of supply and demand, in notation: 

(56) 

where Qt is the quantity in thousands of standard unpeeled 

cords of aspen pulpwood cut in Wisconsin in year t, and 

Qdt and Qst are the quantities demanded and supplied, 

respectively, in year t. 



227 

Furthermore, in the Leuschner model there was an 

oligopsonistic situation on the buyer's side such that the 

action of one large firm could have considerable effect on 

the market price of aspen pulpwood. On the seller's side, 

however, the market was more competitive with a large 

number of independent dealers, producers and dealer

producers. 

His final demand equation had only one explanatory 

variable, that is, the total pulping capacity of pulpmills 

located in Wisconsin. He argued that the short-term 

demand for pulpwood would not depend on price because of 

the high costs of operating a pulpmill, so he dropped the 

price variable in the final equation. His results showed 

that quantity demanded was positively related to capacity 

(an exogeneous variable), with an elasticity of 2.8. 

Obviously, as indicated by Kumar (1985), the neglect of 

price factors in explaining demand and other factors like 

price of substitutes and income was, theoretically speak

ing, inadequa te. 

Robinson (1974) described the domestic relation

ship of the price elasticities of supply and demand in the 

Pacific Northwest for Douglas fir and southern pine, used 

principally in construction. He divided the participants 

in the market into three groups, namely, timberland owners, 

sawmillers and builders. Robinson assumed that the 
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quantity of stumpage demanded was made equal to that of 

lumber supplied. Lumber demand equations were specified 

on the basis of demand per dwelling unit as well as total 

quantity of lumber consumed so that the influence of 

changes in the type and size of dwelling unit built was 

separated. Overall, there were eight interdependent rela

tions including price equations of Douglas fir, stumpage 

and lumber. 

Typically, economic theory suggests that factors 

of production have low price elasticities and high income 

elasticities of demand. Robinson's (1974) results for the 

Douglas fir lumber demand equations showed the reverse. 

He explained the discrepancy by arguing that the income 

variable measured only changes in the size and type of 

dwelling units constructed, not their number. If the 

number instead of the size of dwelling units were used, 

than elasticity was found to be unity. 

Adams and Blackwell (1973) used a simple annual 

model of the United States forest products industry as a 

tool for forecasting and policy analysis. The model 

represents an empirical description of the industry at the 

aggregate level. It links the principal structural ele

ments of the markets for lumber, plywood, sawlogs, veneer 

logs, and stumpage. In a sense, it combines features of 

the industrial process model and elements of a market 
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model. This structure contrasts with the work of McKillop 

(1967) who estimated supply and demand functions for a 

broad range of forest products (lumber, paper, paperboard, 

plywood, roundwood, and stumpage). Whereas here, the 

authors model the wood industry at various stages of 

production and emphasize the interrelationships between 

finished products and earlier stages of processing. 

Using the ordinary least-squares estimates of the 

coefficients, they derived 15 equations of which 12 were 

stochastic and three identities. Overall, they found that 

the simulation errors were generally modest. In fact, 

these errors are approximately of the same magnitudes as 

single equation errors. Furthermore, by making small 

changes to the exogenous model, they tested the responses 

of the model to changes in demand. Using the obtained 

parameters they were able to make some predictions and 

policy simulations. 

Fuelwood Studies 

Laarman and Wohlgenant's Fuelwood Consumption Study. 

Throughout the investigative research of this paper, the 

only economic model of fuelwood consumption with emphasis 

in the developing countries found, is that of Laarman and 

Wohlgenant (1984). For that reason, a thorough summary of 

their work will be provided. 
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Laarman and Wohlgenant (1984) estimated a fuelwood 

consumption model at the international level, using whole 

countries as the units of observation. Their model is 

developed within a comparative-statics framework; they 

introduced the notion of shifters. Demand shifters in the 

model are real income and an index of commercial energy 

prices. The supply shifter is forest area. In addition, 

they hypothesized that the relationship betwen fuelwood 

demand and income is nonlinear. Also, they anticipated 

that a decrease in forest area will decrease the level of 

fuelwood consumption. Furthermore, they presented the 

fuelwood model as a dynamic consumption function by 

including lagged consumption as an additional regressor in 

the estimating equation. Subsequently, they used the 

following dynamic consumption function: 

In(FW/POP)it = a. + a In(FA/POP)it + yln(GDP/POP)it + <5 

InCEpt + Sln(FW/POP)i(t-l) + country dummies + J.l it 
(57) 

where FW is fuelwood consumption in cubic meters; POP is 

the mid-year population, persons; FA is forest area, 

hectares; GDP is real income, constant dollars; CEP is the 

real commercial energy price, international weighed index; 

and J.l is the unexplained residual. Subscripts i and t 

refer to specific countries and years, respectively. The 

subscript t-l denotes the dependent variable lagged one 



231 

year. The coefficients 8, Y, and 0 directly express elas

ticities. These are interpreted as short-run elasticities 

for those fuelwood consumption adjustments which take 

place within a given year. Long-run elasticities are then 

found by dividing the short-run by the adjustment veloc

ity, 1- e • 

Laarman and Wohlgenant's (1984) results showed the 

adjusted R-squared to be high. The Durbin-Watson's 

statistic indicates that the residuals are not serially 

correlated. In addition, the signs and magnitudes of all 

of the coefficients are plausible within the conceptual 

framework outlined earlier. On the basis of higher 

elasticities in the long run than in the short run, they 

ascertained that fuelwood consumption responds little to 

changes in economic conditions within a given year. 

Appreciable consumption adjustments require a multi-year 

period for realization. Also, the elasticities with 

respect to forest area are positive and significant in all 

regressions, but they vary considerably across income 

classes. Because of the very short-run and long-run 

elasticities for the low-income countries, they suggest 

that decreasing forest area has only a minor effect on per 

c~pita fuelwood consumption in these regions. They found 

the elasticities with respect to income to have mixed signs, 

meaning the estimates tend to support the hypothesis that 



fuelwood substitutes become increasingly important as 

income increases. 
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In the industrialized countries, increasing GDP 

leads to decreases in fuelwood consumption. Interestingly, 

they found that in both low-income and middle-income 

developing countries, elasticities with respect to GDP 

were positive. However, that for the middle-income devel

oping countries it is not significantly greater than zero. 

This suggests, Laarman and Wohlgenant (1984) said, that 

the middle-income countries may be approaching a turning 

point from positive to negative income elasticity. They 

carne up with extremely small and statistically insignifi

cant elasticities with respect to the commercial energy 

price. The time period they used was apparently not long 

enough to show any significant effect of rising energy 

prices on fuel wood consumption. 

In conclusion, Laarman and Wohlgenant (1984) sug

gested that their results implied that changes in economic 

variables produced an effect on fuelwood consumption only 

after a lapse of time. Some of their estimates support 

the idea of slow change in per capita fuelwood consump

tion. The cross-elasticity with respect to price of 

commercial energy is almost imperceptible in both indus

trialized and developing countries. The elasticities with 

respect to forest area and income are larger, but are 
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still small in absolute terms. They also found out an 

interesting point in that if both the low-income and 

middle-income groups continue their past trends of rising 

income and receding forest area, per capita fuelwood 

consumption will increase in low income but decrease in 

middle income countries. 

Overall, they warned that their empirical resul.ts 

must be viewed with caution. Likewise, the conclusions 

must be regarded as highly tentative. Even though they 

emphasize that their estimated relationships were intui

tively plausible in the context of proper conceptual 

framework, Laarman and Wohlgenant (1984) were concerned 

that lithe FAO data possibly understate ongoing changes in 

fuelwood consumption. This could occur if, because of 

deficient data, FAO's analysts conservatively assume 

little or no change from previously published statistics. 

Consequently, the elasticities estimated here may be 

smaller than the true elastici ties. II 

Bowonder, Rao, Dasgupta, and Prasad's Study (1985). 

This study was carried out to analyze the energy-use 

patterns in eight rural communities coming under the semi

arid agroclimatic region of India. The authors performed 

a detailed household/farm level survey of energy consump

tion pattern in relation to socio-economic variables. The 



issues examined related to the following questions 

(Bowonder et al. 1985): 
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(1) Are there any differences in energy use in farms 

of different sizes? 

(2) What are the major determinants of usage of each 

fuel in semi-arid regions? 

(3) Is there any seasonal variation in energy use? 

(4) Do households in semi-arid regions consume less 

energy than households in other regions? 

They designed a detailed questionnaire to obtain 

information at the household-farm level. The question

naire covered information on socioeconomic, energy-related 

aspects (fuel use, expenditure on fuels, activities or end 

uses for which energy is consumed, fuel collection, major 

energy using equipment and level of consumption, modes of 

irrigation) and agricultural aspects. Stepwise regression 

was carried out, using a set of sample households drawn 

from each rural community. In their sampling procedures, 

they adopted the stratified random sampling. Of the 

households covered, they only used data from 96 households 

for the regression analysis. 

The authors found interesting conclusions and made 

valuable recommendations. They suggested that planning 

for energy in rural areas (conventional as well as renew

able energy programs) should be based on the existing 
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usage patterns. They indicated that "in depth analysis 

needs to be done not by village but by family or household 

unit based on income level, occupation and environment." 

Obviously, the quantity of information needed for such 

decentralized planning is enormous. Even so, rural 

development activities have to be made more information

based on the community level by using detailed information 

obtained from households. 

Bowonder and coauthors concluded that energy usage 

pattern is a function of agroclimatic factors and socio

economic conditions. Energy use in rural communities is 

partly region specific/location specific. They made the 

claim that semi-arid agroclimatic regions need more empha

sis on energy development with special attention on 

renewable energy programs, irrigation and improvements in 

water use efficiency. Let us be reminded that semi-arid 

areas are ecologically fragile. In these ecosystems, it 

is difficult to revert to the original state because soils 

are poor, biomass productivity is poor, rainfall varia

bility is high, soil moisture retention is low, and evapo

transpiration is high. 

In summary, without going deeply into complicated 

theories of econometric models, the authors used simpler 

regression forms to derive good results and recommend 



sound policy directions. Nonetheless, their approach 

could be easily implemented in the Sahel. 
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Douglas's Traditional Fuel Usage in Bangladesh. 

In 1982, Douglas conducted a study on traditional fuel 

usage and the rural poor in Bangladesh. Using Islam's 

data from 23 villages, he'regressed total weight of fuel 

used annually in a village against the village population 

figures. He obtained the following regressions: 

y = -1001.91 + 10.86x (r 2 = 0.91); (58) 

z = -588.19 + 6.97x (r2 = 0.86) ; (59) 

f = -194.28 + 5.42x (r 2 = 0.87) ; (60) 

and t = -307.97 + 1.35x (r2 = 0.83) (61) 

where x = population of village, y = total weight of fuel 

used annually in a village, in local units [maunds (md: 

1 md = 37.5 kg)], f = weight of fuelwood used annually in 

a village (md), t = weight of other tree fuel used annu

ally in a village (md), and z = total weight of tree fuel 

used annually in a village (md). 

From the relationships, it appears that there is a 

correlation between population and overall fuel usage, and 

between population and total tree usage~ Douglas (1982) 

indicates that the relationship between population and 

fuel wood consumption seems acceptable. However, he 

pointed out that in graphical terms, the line derived from 
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the equation would intersect the x-axis a considerable 

distance from the origin: this seems anomalous, since 

there is no apparent reason why the line should not 

(theoretically) pass through the origin. Douglas himself 

suggested that the reasons for it could be many, but among 

the most likely is that field enumerators and village 

respondents alike have difficulty in establishing differ

entiation between fuelwood and other tree fuel. 

Hosier's Study on Rural Energy Consumption in 

Kenya. Recently, Richard Hosier (1985), of the Beijer 

Institute of Sweden, published the results of a household 

energy consumption survey undertaken in rural Kenya. 

Hosier's study followed two previous surveys of household 

energy consumption in Kenya, because limited consensus was 

reached regarding patterns of rural energy consumption and 

the underlying processes determining them. Motivated by 

the uncertainty left by these two surveys, Hosier studied 

the relationships between rural energy consumption and 

other factors such as ecological potential, household 

size, income, and fuel availability. 

Hosier and his surveyors chose 600 households 

from a cluster sampling frame developed by the Central 

Bureau of Statistics of Kenya. Within each cluster 

previously surveyed, households were selected to consti

tute a simple timeline. The sample itself was stratified 
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by an ecological zone system used by the Forestry Depart

ment. The questionnaire presented included topics such as 

the use of fuel (both commercial and non-commercial), 

wealth, income, demographic information, and fuel consump

tion decisions. 

Hosier's study attempted to answer the question: 

"What other factors help determine household energy con

sumption levels?" He found that income has no demonstrable 

effect on wood consumption in Kenya. Rather, income has 

been seen to be positively related to paraffin consumption. 

Second, if the cost of fuelwood is represented by 

the time necessary to gather one kilogram of wood, then 

fuelwood consumption decreases as its cost rises, accord

ing to his results of the statistical analysis (C = 5987.2 

- 196.2T, where C represents annual fuelwood consumption 

and T, the time required to gather one kilo of wood~ F

statistic = 33.5~ degree of freedom = (1,497». The 

equation suggests that as fuelwood becomes increasingly 

scarce, its consumption will decrease. Hosier (1982) 

indicated that the consumption-price relationship was 

significant for fuelwood. Apparently, he noted, house

holds that found themselves spending an increasing portion 

of their time gathering wood would find ways to decrease 

consumption requirements, either through conservation" or 

substitution. 
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A third factor influencing domestic energy con

sumption is household size. As household size increases, 

so does fuelwood consumption. He demonstrated this 

through both regression analysis and simple consumption 

averages, and found the following equation: C = 2531.6 + 

304.2H, where C represents annual fuelwood consumption and 

H is household size (F-statistic = 77.90: degree of free

dom = 1,570). However, as household size increases, the 

amount of fuelwood consumed by a household decreases on a 

per-capita basis. In other words, it is more energy

efficient to support a large household than a small one. 

A fourth factor relates to the dietary pattern of 

the household. The study noted that as long as dietary 

pattern existed, certain households would continue to use 

more fuelwood than others. It was concluded that the most 

important of the factors influencing fuelwood appeared to 

be the time required to gather one kilo of wood. House

hold size was the second most important factor, reflecting 

the importance of physiological requirements in deter

mining fuelwood consumption. The dietary pattern was the 

least important of the three variables. Furthermore, even 

with all three variables, the bulk of the variation in 

fuelwood consumption went unexplained. Subsequently, the 

study suggested that interpersonal variations must be 

considered to play an important role as well. 
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Evaluation 

In the previous sections, I have reviewed some 

theoretical models on wood products in general and fuel~ 

wood in particular, and corresponding empirical works in 

the field of demand and consumption. I have adopted the 

summary approach since all the models are based on the 

neoclassical theory of demand. According to that theory, 

the quantity of goods consumed is a function of its own 

price, prices of all other goods consumed, and income. 

In the field of econometrics related to wood 

products, forest economists are in general adapting models 

used by other scientific entities. Thus, the application 

of econometrics in the forestry research environment is 

new, but developing very rapidly. Specific econometric 

works of fuelwood in developing countries at the macro 

level are rare, if not inexistent, except that of Laarman 

and Wohlgenant. Other studies, besides the generic papers 

reviewed throughout the paper, refer to country, region, 

or village woodfuel consumption. Examples of the latter 

include Bowonder and coauthors (1985), Douglas (1982), and 

Hosier (1985). As such, the review of econometrics models 

performed on industrial wood in the developed countries 

has been included as a background for my models. 
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Referring to the various fue1wood studies exam

ined, the appropriate variables to be included in fue1wood 

demand or consumption are numerous and vary with the 

authors. However, a consensus emerges for such factors as 

income, population, and wood availability factor. The 

authors regressed quantity of wood consumed on population, 

forest area, GNP in real prices, agroc1imatic factors, 

socio-economic conditions, total weight of fuelwood, and 

household size. Some studies proposed the inc1uston of 

non-economic variables. With few exceptions, the results 

of the regression equations are reported without mention

ing the magnitude of D.W. coefficient. This silence is 

noticeable because of autocorrelation error terms common 

when using time-series.data. 

Likewise, multicollinearity is also a problem 

hardly discussed. Multicollinearity refers to the case in 

which two or more variables in the regression model are 

highly correlated, making it difficult or impossible to 

isolate their individual effects on the dependent variable 

(Salvatore 1982). With multicollinearity, the estimated 

ordinary least squares (OLS) coefficients may be statisti

cally insignifiant (even have the wrong sign) even though 

R2 may be high. 

Despite these few minor problems, the reviewed 

literature will serve as a useful theoretical background 
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to my models. I will refer to each equation as necessary 

throughout my empirical analysis. It is recognized that 

this chapter could have been more exhaustive and compre

hensive. On the other hand, the intent of the paper is 

not to dwell on complicated and "unworthy" theories. 



CHAPTER 9 

STRUCTURAL MODELS UNDERLYING THE ANALYSIS 

The purpose of this chapter is to describe a 

number of models that will be used to 1) estimate the 

consumption functions, and 2) to test some hypotheses on 

woodfuel use. The choice of the models has been greatly 

influenced by the nature and availability of the data. 

Accordingly, I will proceed first with a general discus

sion of the characteristics of the data in developing 

countries. A brief discussion on the data sources and 

variables will follow, and also a recall of the models to 

be discussed. 

Characteristics of Third World Data 

Although discussion of data limitations is consid

ered declasse and is usually ignored, it is relevant to 

the problems faced in developing countries and hence is a 

matter of concern. Experts working in Third World coun

tries are unanimous in their opinion that the data sources 

are limited and unreliable. In many countries no esti

mates of non-commercial fuel are available, but even for 

those countries where information is available there are 

major problems stemming from data accuracy, definitional 
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problems, and the choice of conversion factors used to 

aggregate individual forms of fuel to a comparable basis 

(Dunkerley 1979). Estimates of energy consumption for 

countries which use large quantities of non-commercial 

fuel must, therefore, be considered highly approximate. 

Even data from international bodies are question

able. For example, in the FAO's books, figures of 

production and consumption are not merely corresponding, 

but also identical (Gamser 1980). According to Gamser 

(1980), production data should reflect the supply of fuel

wood material available in both natural and man-nlade 

forest areas, and the growth and regeneration rates of the 

species present. Consumption data should indicate the 

amount of energy that is transferred from trees to cooked 

food and other end-uses, and also the various patterns 

through which such transfer is effected. Thus, adds 

Gamser, an equivalence between production and consumption 

in a given area seems highly unlikely. 

Furthermore, it is known that production figures 

published by FAO may be considerably underestimated 

because no accurate records are kept by many of the 

reporting countries of self-collected or self-produced 

products such as fuelwood, charcoal, building poles, 

roughly sawn wood and hand sawn timber (Openshaw 1978). 

FAO itself admits that its data on fuelwood consumption 
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are often poor, and many "informed guesses" about supplies 

and demands were required (Eckholm et al. 1984). 

Openshaw (1978) stated that even the statistics for 

machine-sawn timber were unreliable due to illegal felling 

practices in many countries. 

The data currently available on energy consumption 

by urban and rura 1 poor fa 11 we 11 short of the idea 1. A 

certain amount of data on commercial fuel exists, though 

rarely broken down by end-use. Data compilation of fuel-

wood and charcoal presents a difficulty because these 

products are non-durable items in daily use, whose con-

sumption may have seasonal variations depending on clima-

tic changes and food availability (Openshaw 197[:3). 

Only a few countries have attempted to systemati-

cally collect and classify information on energy consump-

tion (Arungu-Olende 1984). Even those that have tried 

ran into multiple problems. In that respect, Arungu-

Olende (1984) wrote: 

It is extremely difficult, and time consuming, 
to obtain accurate estimates of non-commercial 
energy sources, the main source of energy in the 
rural areas: there is to begin with initial 
inaccuracy of the meagre data available: there 
are, furthermore, problems of definition of the 
form or state of the energy resource, and lastly 
there is the problem of choice of conversion 
factors and units. Data on conventional energy 
resources are even more difficult to come by. 

Sample surveys of villages and other major sites 

of forest resource utilization are difficult to design 
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and implement. Wood presents several physical obstacles 

for measurement. It is extremely difficult to assess the 

volume of stacks of small, irregular pieces, such as those 

gathered for domestic use. Also, as mentioned by Gamser 

(1980), the relation of volume to weight, which is easier 

to measure, varies considerably with species and moisture 

content. To make things more time-consuming, he insisted 

that a distinction should be made between "stem" and 

"twig" wood consumption. This does make sense, for users 

can depend almost exclusively on one of these two sources. 

For example, a study of household fuel consumption in the 

Republic of Korea found that, while twigs accounted for 

47.1 percent of total fuel consumption, cut firewood (or 

stems) accounted for only 11.9 percent (Gamser 1980). 

Thus, providing only one figure for wood supply, produc

tion or consumption is intrinsically misleading, as 

different users are tapping different raw materials 

(Gamser 1980). 

Developing countries typically use large quan

tities of noncommercial energy. Unfortunately, it is 

difficult to gather data on these fuels, which are largely 

produced and consumed locally outside the cash economy and 

outside data-gathering services (Dunkerley 1982). 

Previous studies argue that much of the wood used in 

developing countries, particularly that which is cut and 



gathered for domestic use, goes unrecorded in national 

statistics (Arnold and Jongma 1978). The consumer does 

not keep records on his consumption because there is no 

particular reason why he should. Therefore, it is not 

likely that actual levels of fue1wood production and 

consumption are much higher than existing figures indi

cate. On the other hand, surveys and energy project 

reports tend to overlook the fact that all wood is not 

used for energy purposes (Gamser 1980). 
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In the light of the above, understanding wood 

consumption in the developing world could be highly 

complex. Accordingly, Buongiorno (1978), warned that in 

any international study the type of hypothesis which can 

be empirically tested is considerably limited by data 

availability. This study is no exception to that rule. 

Data Sources 

Time-series data for the period 1969-1983 were 

obtained from various sources for each country except Cape 

Verde. Many of the searched secondary sources did not 

contain figures on Cape Verde. A possible reason might be 

that the country had gotten its independence in the mid-

1970's, and records of previous years were not kept in any 

published documents. Only data on the latest years are 

reported in the FAa and World Bank publications. There

fore, Cape Verde is excluded in the study for lack of data. 
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The fuelwood and charcoal (woodfuels) consumption 

data were extracted from the FAO Production Yearbooks, FAO 

Monthly Bulletin of Statistics, and an FAO pUblication on 

"Countries Tables of Production, Trade and Consumption of 

Forest Products 1970-1980 for Africa." The population data 

and gross national product (GNP) were derived from the 

"World Bank World Tables of Economic Data and Social 

Data. II Additional and complementary figures of the two 

parameters (population and GNP) were also obtained from 

two World Bank· studies: "Accelerated Development in Sub

Saharan Africa (An Agenda for Action), and "Toward 

Sustained Development in Sub-Saharan Africa." Data on 

forests and woodlands, and total area figures, were 

obtained from the FAO Production Yearbook. The population 

densities were calculated by dividing the total population 

over the total area for a particular year. 

As noted above, Third World data are scarce and 

unreliable. The data sources cited above are no exception 

to the rule. In fact, many of the sources are in dis

agreement with themselves. For example, consumption of a 

gi ven year of the same country can be different in the 

same publication. Whenever that was the case, the higher 

values had been considered. Thus, a consistent upward 

bias has been introduced. The estimations and difficul

ties encountered in each variable will be summarized in 

the next section. 
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Selection and Definition of Variables 

The noted forest economist Raj Kumar (1985) 

recommended that as no method can take into account all 

possible influences, the selection of the variables 

affecting demand has to be done on the basis of those 

whose influence cannot be neglected. Also, since the 

demand model could be used for policy recommendations, 

particular stress has been placed upon incorporating the 

variables that seem most susceptible to economic influ

ence. However, there is a restriction--the variables 

chosen should be quantifiable directly or by proxy. Due 

to lack of data, I restricted the variables to woodfuel 

consumption, GNP at constant and current market prices, 

forest and woodlands area, wood accessibility index, and 

population density sensibility index. Each variable will 

be defined and reviewed. 

The most obvious variable omitted from considera

tion is the price. Economic theory tells us that the 

demand of a good is a function of income, its own price 

and that of its substitutes. A rise in the price of any 

fuel may induce an individual to try to sUb.stitute the 

relatively less expensive energy sources for the more 

expensive source. Prices of fuelwood and those of its 

sUbstitutes are not included in the demand equations 
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because of lack of time series data on them. It is recog

nized that this presents a serious limitation to my model. 

Wood fuel Consumption 

It has been shown in Chapter 3 that woodfuels 

provide a significant share of the national energy avail

able for consumption in the Sahelian countries. Woodfuel 

will remain large in absolute quantity if not percentage. 

However, as already noted elsewhere, this resource is 

deteriorating because of population growth, depletion of 

local forest areas, and expansion of agricultural activity 

to marginal lands. The combined environmental and socio

economical consequences have also been indicated above. 

Understanding the factors that influence woodfuels con

sumption being the main purpose of the study, woodfuel 

consumption has been chosen as the dependent variable to 

be expl ained. 

From the gathered data, it appears that per capita 

fuelwood consumption varies from a low of 0.386 for 

Ma ur i tania to a high 0 f 2.78 cubic meters in Ma I i on a 

average basis for the period covered. This suggests some 

differences in the patterns of wood fuel consumption betwen 

the countries. Climatic, geographic, economic, and social 

characteristics, as well as heterogeneity in resource 

endowment certainly play a major role. 



GNP at Constant and Current Market Prices 

Gross national product (GNP) measures the total 

domestic and foreign output claimed by residents of a 

251 

country. It comprises gross domestic product and factor 

incomes (such as investment receipts and workers· remit

tances) accruing from abroad, less the income earned in 

the domestic economy accruing to person abroad. It is 

calculated without deductions for depreciation (World 

Bank 1981). GNP is one of the major socioeconomic devel

opment measures most included in wood products and energy 

consumption analyses. 

The GNP per capita figures were calculated from 

the World Bank World Tables. The GNP in national currency 

units of each year were converted into dollars at the 

weighted average rate for this year. The resulting esti

mate of GNP was divided by the population corresponding to 

the period into consideration. Per capita GNP at constant 

market prices were obtained by the above procedure using 

reported GNP at constant market prices, with 1968 as base 

year. Likewise, the per capita GNP at current market 

prices followed a similar methodology. According to the 

vlor1d Bank (1981), this method reduces the effect of 

temporary undervaluations or overva1uations of a partic

ular currency and generally assures greater comparability 

of the estimates of GNP per capita amoung countries. It 
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is important to be reminded of the official currencies 

used in the Sahel. Senegal, Burkina Faso, and Niger are 

tied to the CFA francs. Ouguiya is the national currency 

of Mauritania. Malians and The Gambians manipulate the 

Mali francs and the dalasi respectively. 

There is no apparent trend in the calculated GNP, 

both at constant and current market prices. As such, they 

were both kept in the data set for analysis. Earl (1975) 

reports that the World Bank publishers indicate that 

figures on GNP are in many instances based upon data which 

are approximate at best. He indicates that their conver

sion to u.S. dollars introduces yet another source of 

error. Furthermore, he emphasizes that the use of 

exchange rates for the conversion of currencies may result 

in a considerable overstatement of product differences 

among countries. In addition, the use of exchange rates 

for converting national currency estimates into u.S dollar 

equivalents is further complicated by the fact that the 

official or per-value rates do not always constitute 

equilibrium rates. In the same lines, Kral (1980) points 

out that the expression of GNP in u.S dollars at official 

exchange rates does not take into account the real pur

chasing power of national currencies. 
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Forests and Woodlands 

The paramount factor determining the actual level 

of consumption of woodfuel is physical availability 

(Arnold 1979). The forest and woodland data published by 

the FAO show little change from year to year within a 

given country. This will make the time series analysis 

difficult if not inappropriate. Although a supply vari

able, the author believes that allowance must be made for 

the effects of more intensive agricultural and urban land

use upon the availability of "free" wood. I have reported 

in chapters II and III that the Sahelian resource base is 

deteriorating because of population growth, depletion of 

local forest areas through increased firewood gathering 

and animal foraging, and expansion of agricultural activity 

to marginal lands previously forested. 

Wood Accessibility Index 

The absolute or relative price level of wood, the 

number of population, and per capita GNP are the main 

factors influencing wood consumption in general (Madas, 

1974). Most authors dealing with wood consumption neglect 

the availability of wood. However, few analysts have 

included a supply variable in their models. In 1965, 

Robinsin Gregory constructed his "Wood Availability Index" 

(equation 37). Also, Laarman and vlohlgenant (1984) esti

mated a fuelwood consumption model using the "Forest Area 
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per Capitan among other variables. The latter authors 

pointed out that shifts in extraction costs should bear 

some relationship to wood abundance or scarcity within a 

country as a whole. 

In describing the climatic and physical character

istics of the Sahel, it was noted that the rainfall is 

variable in time and space, unpredictable and unreliable. 

In addition, the natural forest cover from which woodfuel 

is cut, is considered the most vulnerable part of: the 

ecosystem (Gorse 1985). The carrying capacities are 

limited and vary by climatic zone. It is one understand

ing that any model of fuelwood consumption directed at the 

Sahel region should consider wood accessibility and 

availability as well as the pre.ssure of the population. 

Everywhere in the region, the traditional production 

systems have been disrupted by rapid population growth 

besides other pressures (changing social institutions, 

centralized political authority, and urban biased economic 

policies) (Gorse 1985). 

The Sahel is divided into six climatic zones, 

specified in Table 2 and Figure 5. As it stands out, a 

big portion of the Sahel ian countries lie in the Saharan 

zone, except Senegal, The Gambia, and Burkina Faso. 

The World Bank, based on a study conducted by 

Keita of the FAO in 1982, reported the accessibility of 



255 

natural forest cover, as well as the sustainable popula

tion per climatic zone in the region. Table 8 shows the 

data. Based on these figures, a wood accessiblity factor 

(WAF) is developed as follows. The Saharan and the Sahelo 

Saharan accessibility of 0.01 m3/km2 is negligible and 

assumed to be nil. Then a weight of one is given to 0.4 

m3/km2 of the Sahelian Zone. To compute the corresponding 

weights of the remaining zones, each accessiblity estimate 

is divided by 0.4m3/km2 • For example, for the Sahelo

Sudanian, the weight would be 6.5/.4 equals 16.25. The 

same calculations have been performed for the two other 

climatic zones, and the resulting weights are 34.50 and 

35.25 for Sudanian and Sudano-Guinean. 

In deriving the wood accessibility factor for each 

country, the weights are multiplied by the corresponding 

percentage of land distribution within each country. For 

example, for Senegal the WAF is estimated as 0.115 (1) + 

• 3 7 5 ( 16. 2 5) + O. 2 0 0 (3 4 • 5) + O. 3 0 2 (3 5. 2 5) = 2 3. 7 5. Th e 

derived WAF of each country is displayed in Table 26. 

It is acknowledged that the WAF derived leaves 

much to be desired. However, it is important to include a 

notion of WAF in fuel wood consumption pattern in the 

region, for factors other than income and population play 

a major role in woodfuel use. A factor that considers the 

accessibility and availability of wood is certainly one of 
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Table 26 

Wood Accessibility Factors Per Country 

Climatic Zones (% ) 
Sahel ian Sahelo-Sudan Sudan Sud-Guin 

Countries (1)* (16.25)* (34.5)* (35.25)* WAF 

Senegal 11.5 37.5 20.0 30.2 23.75 

Mali 5.8 9.9 5.1 12.5 7.82 

Niger 12.1 9.8 1.0 5.16 

Burkina 
Faso 4.9 31.9 31.8 30.5 26.96 

Mauritania 5.5 2.1 0.1 .43 

Chad 10.4 9.9 13.1 7.5 8.88 

The Gambia 62.8 37.2 34.78 

* Numbers in parentheses represent the weights. 

them. The factors do not measure any quantifiable units, 

nevertheless they show the variabilities in productivity 

of the different climatic zones. As such, it is expected 

that production and productivity of the wood stock will 

increase, as one goes from north to south, and as the 

rainfall improves in quantity and distribution. Subse-

quently, countries that are wetter will show a higher WAF. 

In that respect, the wood accessibility factors make good 

sense. 

Unfortunately, the WAF's represent only qualita-

tive assessments. The difference between countries' total 



land areas and land use should be accounted for. This 

prompted the notion of wood accessibility index (WAI). 
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Its derivation is based on the ratio of forest and woodland 

area over total land area of a given country, multiplied 

by the WAF. Assuming that the WAF is constant over time, 

the WAI of any year could be derived by the same approach. 

A practical example would illustrate the case as follows. 

Consider the 1969 WAI of Chad: Forest and Woodland Areal 

Total Land Area x 8.88 equals 1.48. The overall WAI are 

included in the tables of Appendices of the data. Given 

that the WAI is constant over time, and the forested area 

decreases annually it is expected that the WAI will also 

diminish over time. Recognizing its limitations, the WAI 

seems to check well with what is known about relative wood 

accessibility in the Sahel. 

Population Density Sensibility Index 

Chapter 2 above mentioned the high population 

growth rates experienced throughout the Sahel. Any rise 

in population has a double effect on the demand and supply 

of wood. It increases the demand for wood (even if per 

capita consu~ption tends to decline), and reduces the 

forest area (Madas 1974). This conclusion is shared by 

Barnes and Allen (1985), who state that most change in 

forest area is the result of human activity. They empha

size that population can increase demand for land and 



wood, eventually exceeding the carrying capacities of 

forests which are expected to supply woodfuels. 
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In low population density and low rainfall areas, 

the demand for woodfuels can outstrip the supply because 

of the very slow regrowth potential of trees in such 

regions. Also, in high population density and moderate 

rainfall levels, the woodfuels scarcity problems are a 

consequence of the rapidly growing demand for woodfuels 

caused by population growth (Barnes and Allen 1985). The 

same authors suggest that the classification of regions in 

Africa by population density and vegetation zone allows a 

more precise statement of the nature of the woodfuels 

problem. 

Therefore, an index expressing population pressure 

on the forest area (which is a significant factor in 

determining relative wood availability) should be included 

in any fuelwood consumption model in the Sahel. By using 

the sustainable population per climatic zone of the World 

Bank/FAO figures (Table 8), a carrying capacity factor 

(CCF) is estimated for each country. As in the WAF, the 

Saharan and the Sahelo-Saharan have been dropped because 

of very low carrying capacity. Although few people live 

in these zones, their activity is limited to the scattered 

oases, and their impact on the "existing" natural environ

ment could be neglected. A weight has been determined for 
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each zone, taking the Sahel ian sustainable population as 

unity. Then, the other weights are 15.57 (10.9/.7), 28 

(19.6/.7), and 25.14 (17.6/.7). The weighed CCF of each 

country is computed following the same procedure as in the 

WAF above. Table 27 displays the resulting CCF per country. 

Table 27 

Carrying Capacity Faptors Per Country 

Countries 
Sahelian 

(1)* 

Climatic Zones (%) 
Sahelo-Sudan Sudan 

(15.57)* (28.0)* 
Sud-Guin 
(25.14)* CCF 

Senegal 11.5 37.5 20.0 30.2 19.50 

Mali 5.8 9.9 5.1 12.5 6.16 

Niger 12.1 9.8 1.0 1.93 

Burkina 
Faso 4.9 31.9 31.8 30.5 21.59 

Mauritania 5.5 2.1 0.1 .41 

Chad 10.4 9.9 13.1 7.5 7.20 

The Gambia 62.8 37.2 26.94 

* Numbers in parentheses represent the weights. 

The CCF figures are not intended in any way to put 

a meaningful quantifiable weight in them, other than 

showing the increasing carrying capacity as one moves 

from north to south. Likewise, The Gambia, Burkina Faso, 

and Senegal sustain more people than Chad, Niger, Mali, 

and Niger. Despite their limited rationales, the CCF',s 
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embrace the point intended to be explained, i.e., carrying 

capacities among the climatic zones differ. 

Pursuing the same reasoning, a population density 

sensibility index (POSl) has been developed to account for 

the population impact on the wood availability. Such an 

index should be consistent with the theory that as popula

tion increases, the POSl should increase over time. The 

population density is then used to consider that allega

tion as it is inversely proportional to time provided the 

population is not constant. That is certainly not the 

case in the Sahel, at least for the near foreseeable 

future. Accordingly, the POSlls have been developed by 

the formula: density/CCF. The estimated POSlls are showed 

in Appendix B. 

The contentions of the author are that in dealing 

with the fuelwood consumption assessment, forecasts, and 

understanding in the Sahel and for that matter in any 

other African region, an attempt should be made to include 

a rainfall factor, a carrying capacity factor, a factor 

differentiating the climatic zones, and a factor on popu

lation pressure. No allowance is made for the impact of 

livestock pressure on the environment, however its impor

tance is forcefully recognized. 

Prior to the analysis of the data, it is important 

to describe the methodology that will be used. Oata from 
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each country will be used to develop different fuelwood 

consumption equations. Then, the data will be pooled to 

investigate the consumption over the Sahel as a unit. The 

first category will rely on pure time series data which 

record yearly variations in the variables of interest. 

The second analyzes data from differences observed at a 

specific point in time •. Typical examples of wood products 

using pure time series data are McKillop (1967), Talhem 

and Holland (1971), Mills and Mantly (1974), and Adams and 

Blackwell (1973). Examples of cross-section data can be 

found in Gregory (1966), FAO (1966), and Laargeant (1984). 

However, as indicated by Buongiorno (1979), both types of 

analysis have their drawbacks. 

In pure time series analysis, observations over 

long time periods are difficult to obtain and there is 

often little variability in the data. Furthermore, during 

periods of consistent economic growth, high col linearity 

among explanatory variables is unavoidable, which leads to 

difficulties in accurately estimating structural coeffi

cients (Buongiorno 1979). Kuth (1959) argued that there 

exists a frequent occurence of col linearity in time series. 

Because of the small variability in the data, it is impos

sibl e to infer the impact of drastic changes in some 

variables (Buongiorno 1979). 
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Time series and cross-section observations could 

be combined to provide a data base with a large number of 

observations and noticeable inherent variability. Cross

sections analysis increases the variability, but it is 

questionable whether variation among countries is relevant 

to changes over time. Pooling time series data from 

different countries alleviates the problems posed by 

short-time series, high collinearity between price and 

income variables within countries, and small variables 

fluctuations over the period of observations (Buongiorno, 

1979). Furthermore, noted Buongiorno (1978), the method 

increases considerably the number of observations avail

able and makes possible the modeling of short-term 

dynamics of demand. For these obvious reasons, there is 

an interest on the part of economic and business research

ers to use multiple cross-section sample data (Johnson and 

Lyon 1973). Even so, the former authors suggest that 

researchers having access to multiple cross-section 

samples be well-advised to explore the analysis of 

covariance estimator. 

The Models and Hypotheses 

The consumption-demand models used in this study 

are linear static model, and double-log static model 

involving the variables already defined, consumption of 
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fuelwood, GNP (at current and constant market prices), 

population, total land area of forest and woodlands, wood 

availability index, and population density sensibility 

index. Both types of models have been largely encountered 

in the previous chapter. Even so, a review of the two 

seems appropriate. 

(i) Linear static model 

This static model relates current consumption to 

current various independent variables. By using the two-

variable linear model, or simple regression analysis of 

the form: 

Ct = S + S· X· + €. o ~ ~ ~ 
(62) 

where Ct = fuelwood consumption at the aggregate level or 

fuelwood consumption per capita per year, So is the 

constant term, Si represents the coefficients of the para-

meter Xi' and €i' a random variable or stochastic term, 

various equations will be derived. My contention is that 

per capita consumption of fuelwood should be differen-

tiated from the aggregate consumption of the whole 

country. The former tends to be constant or decreasing 

over time, whereas the latter increases with time. There-

fore, I will derive regression of the fOllowing: 
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1. 
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(63) 

(64) 

(65) 

where FRWA represents aggreg,ate fuelwood consumption in 

country i in thousands of m3, POPi is the mid-year popula

tion in country i in thousand inhabitants, and FRWDi is 

the forest and woodland area in country i in thousands of 

hectares. The coefficients <Xl and b l are expected to be . 

positive, while Sl and b 2 should be negative. 

'the same kind of equations have been used to 

regress the consumption of fuelwood per capita/year on 

specified independent variables. Therefore, the following 

equations will be considered: 

(66) 

where CFWpc is the consumption of fuelwood per capita/year 

in m3 , GNPcon represents the GNP at constant market 

prices, and Sl' a coefficient expected to be negative. 

This would be the case assuming that fuelwood is an 

inferior good, i.e, when income increases per capita 

consumption of fuelwood falls. 

(67) 

where CFWpc is defined as above, GNPcurr is GNP at current 

market prices, and Sl' a coefficient to be negative. 



Because of the variations in GNP, I felt obliged to 

investigate the effect of current prices GNP as well as 
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the constant prices GNP. What would be the behavior of 

the equation between the two? 

(68) 

where CFWpc remains the same, WAI represents the wood 

accessibility index, 8 1 , the coefficient should have a 

minus sign. Since WAI reduces over time, CFWpc is 

expected to drop. In the same line, as with the GNP's, 

the notion of WAIso (wood accessibility index taking the 

land area of the Sahara out) is introduced. 

(69) 

where the new variable, PDSI, is the population density 

sensibility, and 81 , the parameter coefficient expected to 

be negative. I postulate that as the population pressure 

increases, the per capita fuelwood consumption should 

reduce. This would have the same effect as the increased 

size of the household, already suggested by Hosier (1985). 

= 80 + 8 1 GNP con + 8 2 WAI + 8 3 PDSI 
(-) (-) (-) 

(70) 

where the signs in parentheses are the expected ones for 

the respective coefficients 8 1,82' and 83. 
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The previous equations, (66) through (69), try to 

investigate the naive assumption of considering per capita 

fuelwood consumption/year as a function of each individual 

variable (GNP con' GNP curr' ~'VAI, WAlso when necessary, 

PDSI). Obviously, this assumption, despite being simplis

tic, falls short of representing the reality. As such, 

the multiple regression equation (70) is introduced. 

(ii) Double-log static model 

The double logarithmic demand function has been 

used widely in static energy demand studies (Plourde and 

Ryan 1985). Reviewed examples include studies by 

Buongiorno (1978 and 1979), Hart (1983), Robinson (1974), 

and Laarman and Wohlgenant (1984). Dias-Bandaranaike and 

Munasingbe (1983) quoted by Plourde and Ryan (1985), claim 

that a prime reason for relying on double-log demand 

equations is their empirically convenient form. Specifi

cally, these equations are easily estimated and the esti

mated coefficients are themselves estimates of elasticities. 

Despite the above advantages, the double-log 

demand equations have some disadvantages. In general, 

indicate Pindyck and Rubinfeld (1981), elasticities are 

not constant but change when measured at different points 

along the regressive line. They emphasize that the elas

ticities which are usually printed out by computer pro

grams are calculated at the point of the means of each of 



the independent variables. For instance, for the jith 

coefficient, the elasticity is evaluated as: 

Ej = s. x ~ = 
J Y 

~/ax 
y x 
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(71) 

In functional form, the simple regression model would look 

like: 

(72) 

and the multiple regression model would be: 

(73) 

The various static model above will be transformed 

into their log form following the same procedure. The 

equations (68) through (70) are repeated in natural logs. 

Before any analysis can be made, it is important 

to be reminded of the assumptions of the two-variable 

linear regression model as well as those of the multiple 

regression. These are the following for the two-variable 

model (Pindyck and Rubinfeld 1981): 

i. The relationship between the dependent and inde-

pendent variables is linear. 

ii. The independent variables are nonstochastic 

variables whose values are fixed. The variance of 

the independent variables is nonzero, and it is 

finite for any sample size. 
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iii. a. The error term has zero expected value and 

constant variance for all observations: that 

is, 

b. The random variables are uncorrelated in a 

statistical sense: i.e., errors corresponding 

to different observations have zero correla-

tion. Thus, E(EiE j ) = 0, for i # j. 

c. The error term is normally distributed. 

The assumptions of the multiple regression model 

are quite similar to those of the two-variable model 

(Pindyck and Rubinfeld 1981): 

i. The model specification is linear. 

ii. The independent variables are nonstochastic., In 

addition, no exact linear relationship exists 

between two or more of the independent variables. 

iii. a. The error term has zero expected value and 

constant variance for all observations. 

b. Errors corresponding to different observations 

are uncorrelated. 

c. The error variable is normally distributed. 



CHAPTER 10 

EMPIRICAL RESULTS 

This chapter contains the estimates of the fuel

wood consumption, both at the aggregate level and per 

capita/year in cubic meters. From the beginning of the 

dissertation it was intended to investigate fuelwood 

consumption functions in each of the eight Sahel ian 

countries. As already stated, Cape Verde has been omitted 

due to insufficient data. In presenting the results, I 

felt that it would be initially appropriate to keep the 

countries separate. Then, a more detailed look will be 

made regarding the various variables from the results of 

the pooled data. 

In presenting the results relevant to each coun

try, I have included the t-values, the significance level, 

the coefficient of determination R2, the adjusted coeffi

cient of determination R- 2 , the Durbin Watson statistic 

(D.W), and the F-value of the regression. I have criti

cized the previous works reviewed in Chapter 8 in that 

. nearly all of them failed to mention the notion of auto

correlation. 
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It was noted earlier that serial correlation 

occurs in time series studies when the errors associated 

with observations in a given time period carryover into 

future time periods. Whenever this happens, the assump

tion of uncorrelated errors breaks down. Several tests 

for serial correlation exist. By far the most popular is 

the Durbin-Watson (Pindyck and Rubinfeld 1981). Usually 

a low D.W statistic indicates that serial correlation is 

likely to be present in the estimated residuals. Nonethe

less, as a general rule, the presence of serial correlation 

will not affect the unbiasedness or consistency of the 

ordinary least squares regression estimators, even though 

it does affect their efficiency (Pindyck and Rubinfeld 

1981). If the model includes a lagged dependent variable, 

the problems of autocorrelation are much more severe. 

Accordingly, I did not include any lagged variable into my 

models. 

Nevertheless, I recognize the importance of dis

tributed lags, for some amount of time usually lapses 

between the movement of the independent variables and the 

response of the dependent variable. The basic idea is 

that in response to changing conditions, economic agents 

will not move ~nstantly to their new long run equilibrium 

consumption patterns, but will gradually adjust from their 

original consumption patterns toward their new equilibria 
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(Kraft et ale 1976): this is particularly true in time 

series models. The fact that the impact of a variable can 

be distributed over a number of time periods is the basis 

of the distributed lag models. 

I included the values of the adjusted R- 2 because 

there are several problems with the use of R2. First, all 

statistical results follow from the initial assumption 

that the model is correct: and second, R2 is sensitive to 

the number of independent variables included in the 

regression model (Pindyck and Rubinfeld 1981). The addi

tion of more independent variables to the regressions 

equation always raise the R2-value. Pindyck and Rubinfeld 

(1981) pointed out that a solution to this is to be 

concerned with variances, not variations, eliminating the 

dependence of goodness of fit on the number of independent 

variables in the model. Let's remind ourselves that 

variance equals variation divided by degrees of freedom. 

For more treatment on this subject, the readers are 

referred to Pindyck and Rubinfeld (1981). These authors 

note that R- 2 is a more desirable goodness of fit measure 

than R2. The use of R- 2 eliminates some of the incentives 

for researchers to include numerous variables in a model 

without much thought about why they should appear. There

fore, I include the R- 2 values to answer these critics. 
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Chad 

Table 28 shows the coefficients of individual 

estimated structural equations, together with the coeffi

cients of determination (R2 ), the adjusted-R-2 , and the 

D.W. statistic. The t-values and significance level are 

indicated in parentheses respectively below each equation. 

First, the statistical results for aggregate fuel

wood use confirmed the relationship between fuelwood con

sumption and population, as well as the total area of 

forest and woodlands. The coefficients for both para

meters had the expected sign. The t-values were high and 

significant at 99 percent, despite a low D.W. statistic 

(indicating a presence of autocorrelation). 

Second, individual equations of fuelwood con

sumption as a function of GNP's at constant market prices 

and current prices showed very low R~ and D.W. statistic. 

The t-values in parentheses were significant for GNP at 

constant prices, but not for the GNP at· current market 

prices. Also, the signs of the coefficients were opposite: 

the negative one suggests that fuelwood is an inferior 

good, and the positive sign reveals that it is a normal 

good. 

Interestingly, the wood accessibility index 

(WAI) appears to be an important factor determining fuel

wood consumption per capita. The R2 of 0.54 supported by a 

high t-value and a statistically significant level of 99 



Table 28 

Clad Derived Demand Equations 

Equations Numbers, t-values, 
and Significance Level 

1. EWCA = -357.23 + 1.689 pop 
(5.477)(.0000) 

2. FWCA = 41174.6- 1.659 FRWD 
(-37.24) (.0000) 

3. EWCA = 9324.51 + 1.298 pop -.387 FRWD 
(5.746)(.00014) (-1.74)(.109~) 

4. CFWpc = 1.634 -.00486 GNPcoo (-2.587) (.u:l38) 

5. CFWpc = 1.584 + .00169 GNP ClJrt" 
(1.489) ( • .lbj) 

6. CFWpc = 2.057 -.3167 WAr 
(-3.907)(.00208) 

7. CFWpc = 2.0582 - .1519 WAIs8 
(-3.927)(. 02) 

8. CFWpc = 1.513 + .1965 poor 
(3.607)(.0036) 

R2 R2 

: .9969 : .9966 : 

: .9907 : .9900 : 

: .9975 : .9971 : 

:.3398 .2890 

: .1457 : .0800 : 

: • 5400 : .5046 : 

: .5429 : .5071 : 

:.5003 : .4618 : 

D.W. F-Statistic 

.9663 : 4179.16 

1.188 1386.16 

.6689 : 2416.90 

.7043 6.69 

.5262 2.21 

.8746 : 15.26 

.8721 : 15.44 

.9500 13.01 

to.> 
-..J 
W 



Equations Numbers, t-values, 
and Significance Level 

Table 28--Gont'd 

Chad Derived Demand Equations 

9. CFWpc = 4.0015-.0003OGNPCQQ.-1.41~JAI-. 7752PDSI 
(-1.44)(.18) (-1.96)(.07) (-161)(.13) 

10. CFW = 3.1228-.000033GNPc -.933WAI-.406PDSI 
pc (.316)(.76 ~.069)(.31) (-.736)(.47) 

11. CFWpc = 4.2601-.00029GNPcOD-.7483WAI~Q-.8712PDSI 
(-1.449)(.1}) (-2.129)\.059) (-1.78)(.105) 

12. In~lpc = 1.741-.00751lnGNPQOn-l.2831nwAI~o-.2131nPDSI 
(-.971}(.35) (-1.44}(.17) (-1.18}(.26) 

~ R-2 D.W. 

:.5845 : .4711 : .764 

: .5845 : .4711 : .764 : 

: .6625 .5704 : .6986 

:.6160 .5110 : .6623 : 

N:Jte: Numbers in first parentheses represent the calculated t-ratio of coefficient 
Numbers in second parentheses represent the level of significance (p-value) 

F-Statistic 

6.71 

5.16 

7.19 

5.88 

t\) 

~ 
,J:. 
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percent confirmed my earlier assertions. More important 

was the negative sign of the coefficient. In addition, the 

wood accessibility index, excluding the area of the Sahara 

(WAl so)' pointed to the same results. In fact, the equa

tions look alike, except that the coefficient of the WAlso 

was half that of the WAI. The results obtained for the 

population density sensibility index (PDSI) suggested by 

the R2 indicate that about 50 percent of the varia tion in 

fuelwood consumption can be explained by the PDSI. The t-

value and significance levels supported the claim. It was 

anticipated that the sign of the coefficient be negative. 

Equations 8 and 9 of Table 28 express fuelwood 

consumption per capita as a function of either GNP's at 

constant market prices or current market prices, WAI, and 

PDSI. In both the signs obtained were expected. However, 

the t-values were very small and not significant. The low 

D.W. statistic suggests autocorrelation between some of the 

variables. When the WAlso was introduced instead of WAI 

in equation 11, a higher R2 resulted, and the t-values had 

increased considerably. 

Based on the,results found from equation 11, all 

the variables were transformed into natural logarithm, and 

equation 12 was obtained. This multiple regression was 

significant at the 5 percent level and served to explain 

an acceptable percentage of the variation in the dependent 
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variable, as evidenced by a 0.62 R2-value. GNP at con

stant market price, WAI so ' and PDSI movements exhibit a 

negative effect on fuelwood consumption as expected. Given 

the low coefficient of GNP (-0.00751), it seems plausible 

that this factor, as a determinant of fuelwood consumption, 

is not a major one. In contrast, wood accessibility index 

(WAI so ) with a coefficient of -1.283, appears to explain a 

significant portion of the variation in fuelwood demand. 

In projecting aggregate fuelwood consumption in 

Chad, planners should consider population data as the 

independent variable7 this should be the case if I base my 

recommendations upon the coefficients of determination and 

the other statistical tests. It is probably due to the 

fact that the original FAD data, often derived from edu

cated guesses, were calculated from population data. 

The Gambia 

The overall results for The Gambia ~re displayed 

on Table 29. As in the Chad case, aggregate fuelwood 

consumption did correlate well with aggregate population. 

As expected, the sign of the coefficient was positive, and 

the t-statistic was significant at the 99 percent leve17 

in addition, the D.W. statistic indicates that no autocor

relation is suspected. The same results held for fuelwood 

consumption as a function of the area of forest and wood

lands. 



Table 29 

The Gambia Derived Demand Equations 

Equations NUmbers, t-va1ues, 
and Significance Level 

1. EWCA = -82.713 + 1.618 pop 
(72.801)(.0000) 

2. EWCA = 1742.03 - 4.018 F~ 
(-55.89)(.0000) 

3. EWeA = 403.82 + 1.187 pop -1. 0728 mID 
(3.275)(.0075) (-1.191)(.259) 

4. CFWpc = 1.398 -.000266 GNPcon 
(-1.575) ~.1412) 

5. CFWpc = 1.413 - .0000186 GNP8~ 
{4.69){.00 ~~} 

6. CFWpc = 1.659 - .0272 WAI 
(-5.741) (.00009) 

7. ~lpc = 1.278 - .103 PDSI 
(5.821) (.00008) 

8. CFWpc = .8978 -.0000399GNPQO~ +.0274WAI +.2100PDSI 
{-.311){.76} \.296)(.77) (.593){.570) 

R2 R-2 D.W. F-Statistic 

: .9975 .9973 1.0118 : 5300.05 

:.9958 : .9955 : 2.083 :3123.72 

: .9978 .9974 1.0796 2735.88 

: .1603 : .0957 : .8232 : 2.48 

: .6286 .6000 1.7607 : 22.00 

:.7171 : .6954 : 2.119 · 32.96 · 
:.7227 .7014 2.042 · 33.88 · 
:.7260 : .6512 : 2.0064 : 9.71 

t\J 
-..J 
-..J 



Table 29--cbnt 'd 

The Gambia Derived Demand Equations 

Equations Nurribers, t-values, 
and Significance Level R2 R-2 D. W. F-Statistic 

9. CEWpc = .914-.0000865GNP~'ff+.0221WAI-.229PDSI :.7334 : .6607 : 2.0255 10.09 
(.637)(.5 .265)(.80) (.69)(.503) 

10. lnCEWpc = .1303-.0453lnGNP~y :.1960 .1341 .868 : 3.17 
(1. 78)(1.0 

11. lnCEWpc = .6465-• 13531rMAI :.7110 .6888 2.1005 31.98 
(-5.656)(.00011) 

12. lnCEWpc = .3087-• 12341nPDSI :.7172 .6955 : 2.0712 : 32.97 
(5.742)(.00009) 

13. lnCEWpc = .3062-.00721lnGNPyo~-.155ln~-.14321nPDSI :.7198 : .6434 : 2.1000 9.42 
(.528)(.61 -.288)(.78) (.06)(.95) 

t'bte: NUmbers in first parentheses represent the calculated t-ratio of coefficient 
Nurribers in second parentheses represent the level of significance (p-value) 

~ 
--.J 
co 
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The result of per capita fuelwood consumption as a 

function of the GNP at constant market prices indicated 

once again that there was no apparent linear correlation 

between the two. The t-statistic, the R- 2-adjusted, and 

the D.W. statistic all lead to that conclusion. The 

negative sign of the parameter confirms that in The Gambia 

as in Chad, fuelwood is an inferior good. Surprisingly, 

the outcome with the GNP at current market prices turned 

out to be totally different. The overall statistics 

demonstrate an acceptable fit between fuelwood consumption 

and GNP at current market prices. Nevertheless, it should 

be cautioned that the bulk of fuelwood used is not commer

cial and, therefore, nonmonetized. Similarly, wood 

accessibility as an indicator of fuelwood consumption per 

capita is undoubtedly justified. The size and the sign 

of the coefficient mitigated in favor of that assertion. 

The R2 indicates that 72 percent of the variation of per 

capita fuelwood consumption in the Gambia can be explained 

by wood accessibility index. Accordingly, there was no 

sign of presence of autocorrelation due to the D.W. 

statistic (2.119). 

Furthermore, regressing per capita fuelwood con

sumption against population density sensibility index 

(PDSI) resulted in statistically meaningful coefficients. 
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The coefficient of determination (R2) discerned a sizeable 

(0.723) association. 

When fuelwood consumption per capita was regressed 

against GNP at constant prices, WAI and PDSI, the R2 

obtained did vary from the ones obtained ei ther for WAI or 

PDSI alone. However, the WAI resulted in an unexpected 

positive sign. On the other hand, the same variables 

(WAI, PDSI) associated with GNP at current market prices 

resulted in a reverse sign of coefficient (i.e., positive 

for WAI, and negative for PDSI). The R2 weight did change 

significantly. 

Since the ~lAI and PDSI seemed to corre la te wi th 

fuelwood consumption, the double-log model was used to 

determine their elasticities. In doing so, I found that a 

10 percent decrease in the wood accessibility index would 

be translated by a 13.54 percent reduction in per capita 

fuelwood consumption. Similarly, a 10 percent decrease in 

the PDSI could decrease per capita fuelwood consumption by 

12 percent. 

Once again, population and forest woodland area 

correlate with the aggregate fuelwood consumption. Mean

while, for the fuelwood consumption per capita, both the 

linear model and the log-model resulted with similar find

ings. Both models could be used to forecast fuelwood 

consumption as a function of GNP, WAI, and PDSI. However, 
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even though the calculated F statistic is large for the 

log-model, none of the estimated parameters were statisti

cally significant. Salvatore (1982) indicated that this 

could occur when the independent variables are highly 

correlated with each other. 

Mauritania 

The 13 developed regression equations for Mauri

tania are shown on Table 30. The R2 and D.W. statistic, 

as well as the t-ratio and level of significance tests 

are also included. Remarkably, the calculated R2 for the 

forest and woodland area as an independent variable was 

higher in absolute terms than that of the population. 

This strongly suggests that in Mauritania, forest and 

woodland area depletion is sensitive to fuelwood con

sumption. \Vhen combined together as explanatory 

variables, the population parameter coefficient sign was 

negative. But, the t-test was not significant at the 5 

percent level. 

GNP at constant market prices is not in any way 

associated with per capita fuelwood consumption, as the R2 

was not significant. Even though the negative sign was 

hypothesized, the significance level reinforces the con

clusion reached, in that GNP does not influence per capita 

fuelwood consumption. 



Table 30 

Mauritania Derived Demand Equations 

Equations Nurribers, t-va1ues, 
and Significance Level 

1. EWeA = 307.91 + .6109 pop 
(8.689)(.0000) 

2. EWeA = 1394.97 - .0438 ~ 
(-13.285)(.0000) 

3. EWeA = 2024. 72 -.234 pop - .0594 FH'ID 
(-1.086)(.300) (-4.027)(.00205) 

4. CFWpc = .3498 -.001383 GNP~~ 
2.479}( .0 

*5. ~vpc = .4125 -.000107GNP§~9 
(-.223}(. ) 

6. CFWpc = .5966 -2.570 WAI 
(-4.137)(.00138) 

7. CFWpc = .196 = .586 POSI 
(3.156)(.00828) 

8. CEWpc = .6019 - .6254WAIr.> 
(-4.216) .0012) 

R2 R-2 D.W. F-Statistic 

: 8531 : .8418 .6962 75.51 

: .9314 : .9261 .3957 : 176.48 

: .9375 : .9271 : .4486 : 90.05 

: .3209 : .2687 : .7300 : 6.14 

:.0038 :-.0728 : .4573 : .049 

: .5684 .5352 .5541 17.12 

:.4338 : .3902 : .7103 : 9.59 

:.5776 : .5451 : .5512 17.78 

* Equation 5, Which is statistically not significant, should have been deleted fran the table, but 
was kept for ccmparative purposes with the other countries. 

t\) 

00 
't\) 



Table 3o--OOnt 'd 

Mauritania Derived Demand Equations 

Equations NUmbers, t-values, 
and Significance level 

9. CFW = 1.322-.000258GNP -8.189~mI-.0595PDSI 

pc (1.98)(.8~ (-3.654)(.0044) (-.828)(.426) 

10. CFW = 1.667-.000647GNP -8.402WAI-.1442PDSI 
pc (-2.681)(~~3) (-4.13)(.002) (-2.72)(.021) 

11. CFWpc - 1.776-.000653GNPQQn-2.184WAI~-.1626PDSI 
(-2.478)(.U32) (4.518)\.0011) 

12. CFW = 1.489-.0oo1GGNP -2.07BWAI -.1049PDSI 
pc (-1.216)(.~gff (-3.632)T?005) (-1.279)(.229) 

R2 R-2 D.W. F-Statistic 

:.7725 : .7105 .3302 12.45 

:.8134 .7625 .8246 15.98 

:.8333 : .7879 .8726 18.33 

:.7710 .7086 .3760 12.35 

13. lnCEWpc = -2.487-.184lnGNPCOl)-1.548lnWAI-1.171nPDSI :.9200 : .8983 : 1.023: 42.19 
(-2.52)(.0303} \-7.489)(.00002) (-4.902)(.00062) 

~te: NUmbers in first parentheses represent the calculated t-ratio of coefficient 
Numbers in second parentheses represent the level of significance (p-value) 

tv 
00 
w 
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Wood accessibility index (WAI) and population 

density sensibility index (PDSI) discerned modest associa

tion, 0.56 and 0.43 R2 ·s, respectively. However, the 

signs of the coefficients did show as expected. When they 

were combined with GNP at current market prices, the 

coefficient of determination improved to 0.77, but the 

PDSI coefficient sign was negative as expected though its 

t-ratio was not significant. Second, when GNP at con

stant market price represented the income factor, all the 

tests were significant, and the signs of the coefficient 

right. The R2 did gain a higher level (0.83). Likewise, 

when the WAI for the Sahara out was introduced, the signs 

were the same, but the R2 had decreased to. O~77. 

Following the results obtained with the multi

variate equations, the data were transformed into natural 

logs. The resulting equation (13) of Table 30 was found 

to be a very good fit at least for the data. The signs 

and significance tests were all satisfactory. Even the 

D.W. statistic test did not show any autocorrelation prob

lems. More important, an R2 of 0.92 was obtained. 

Interestingly, fuelwood consumption forecast for 

Mauritania should be based on the per capita consumption 

approach. Because the log-model was statistically more 

powerful than the linear, equation 13 of Table 30 could be 

used in estimating future fuelwood needs in Mauritania. 
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Niger 

Table 31 shows 13 equations estimated for Niger, 

using the linear and the log-models. As in the previous 

countries, population correlates well with aggregate fuel

wood consumption. However, the coefficient of determina

tion computed was lower than the ones so far determined. 

As in the Mauritania case, the magnitude of the coeffi

cient was less than unity. 

GNP at constant market price did not explain in 

any way per capita. fuelwood consumption. GNP at current 

market prices showed a low 0.48 coefficient of determina

tion. In both income indicators, the expected signs were 

missed. Besides the magnitude of the coefficients, the 

t-ratios were not statistically significant. 

The wood accessibility index (WAI) results were 

not encouraging either, except that the signs of the 

coefficients came as expected. Notwithstanding, the popu

lation density sensibility index yielded a wrong sign but 

a significant t-test. When combined together as factors 

influencing per capita fuelwood consumption, equations 10 

through 12 of Table 31 were estimated. Unfortunately, 

they all resulted either by an unexpected sign, or an 

insignificant test. 

Because no acceptable equation was found, I trans

formed the data into natural log, and ran four different 



Table 31 

Niger Derived Demand Equations 

Equations NUmbers, t-values, 
and Significance Level 

1. EWCA = -870.686 + .7092 pop 
(11.137) (.0000) 

2. FWCA = 8139.71-.4792 FRWD 
(-5.206) (.00022) 

3. FWCA = -5524.04 + 1.027 pop + .2676 FRWD 
(6.835)(.00003) (2.277)(.044) 

*4. CFWpc = .4446 + .000869 GNPcon 
(.825) (.425) 

5. CFWpc = .479 + .000252GNP8urr (3.449)(.0 482) 

6. CFWpc = .7321-.4334 WAr 
(-1.685)(.1178) 

7. CFWpc = .3658 + .0811 POOl 
(2.B75) (.0139) 

B. CHlpc = .7309 - .150B WArso 
(-1.6Bl)( .1185) 

R2 R-2 D.W. F-Statistic 

: .9051 .8978 .6274 124.04 

:.6758 : .6509 : .4155 27.11 

: .9338 : .9227 1.056 : 84.58 

:.049 :-.0233 : .4784 : .68 

:.4777 : .4376 : .7377 : 11.89 

:.1793 : .1162 : .5349 2.84 

: .3887 : .3416 : .6552 : 8.26 

: .1785 .1154 : .5335 2.82 

* Equation 4 is not statistically significant, but was kept in the table for canparative purposes 
with other countries. l\J 

co 
0'1 



Table 31--Gbnt 'd 

Niger Derived Demand Equations 

Equations Ntmlbers, t-values, 
and Significance Level R2 R-2 D.W • F-Statistic 

9. CFW = -.46B9-.000215GNP +1. 182WAI+. 2211PDSI 
pc (-.026)(.97~(2.146)(.057 (3.113)(.011) 

: .5692 • 4517 1.083 : 

10. CFW = -.4565-.00001GNP +.407WAI 0 +.219PDSI 
pc (-.012)(.9§8Y (2.128)~.059) (3.10)(.0112) 

: .5671 : .4489 1.083 : 

11. CFW = -.1783 +.OOO26GNP urr +.951WAI +.1049PDSI 
pc (.896) (.391J (1.61)(.138) (.707)(.496) 

:.5984 : .4889 : 1.057 

12. CFW = -.1643 +GNP + .327WAI 0 +.1007PDSI 
pc (.911)T~S3) (1.6)~.147) (.689)(.506) 

:.5974 : .4876 : 1.061 : 

13. lnCFW =-.3903 +.0186lnGNPco + 1.26lnWAI +.901lnPDSI 
pc (.115)(.910) ~1.93)(.081) (2.62)(.0256) 

:.5038 .3685 : 1.010 

14. lnCFWpc =-1.71 +.0211lnGNPcon +1.267lnWAI~~ +.8911nPDSI : .5018 .3660 : 1.013 : 
(.130)(.898) (1.921)(.0 (2.609)(.0261) 

15. InCHl = -.4043 = .303lnGNP ur +1.2211nWAI =.775lnPDSI 
pc (.218)(.831) Tl.S05) (.101) (1.119)(.289) 

: .5053 .3704 : 1. 003 

16. lnCFWpc = -1.676 +.03171nGNPcurr +1.1981rWll\!SQ +.7597lnPDSI :.503 .368: 1.006 : 
(.228)(.823) (1.79)(.103H) (1.101)(.2967) 

NOte: Numbers in first parentheses represent the calculated t-ratio of coefficient 
Numbers in second parentheses represent the level of significance (p-value) 

4.84 

4.80 

5.46 

5.44 

3.72 

3.69 

3.74 

3.72 

I\.) 

00 
-...l 
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estimations using a combination of variables. None of the 

double-log equations were preferable to the others, 

despite better t-statistics of equation 13. Consequently, 

equation 13 seems the most appropriate to perform any 

forecasting in fuelwood consumption in Niger. 

Senegal 

Table 32 shows the different equations estimated 

for the Senegalese data. The aggregate fuelwood consump

tion as a function of popuiation resulted in a lower R2 

(0.695) than in preceding countries. The t-statistic and 

significance levels were, nevertheless, significant despite 

a small D.W. indicating the existence of autocorrelation. 

The expected positive sign of the coefficient does indi

cate that aggregate fuelwood demand is directly correlated 

to population. 

The forest and woodland area as an indicator of 

fuelwood consumption resulted in a low coefficient of 

determination (R2 ). The sign of the parameter, the t

statistic, and the significance level were statistically 

significant. Combining both population and forest area as 

explanatory variables improves the R2 to 0.857, with all 

other tests meaningful. However, the positive sign of the 

forest area coefficient did not agree with my hypothesis. 



Table 32 

Senegal Derived Demand Equations 

Equations NUmbers, t-values, 
and Significance Level R2 R-2 D.W • F-Statistic 

1. EWCA = =1363.64 + .736 pop 
(5.442)(.00015) 

2. EWCA = 8845.64 -1. 0058 FH>ID 
(-3.652)(.00331) 

3. EWCA = -27730.7 +2.163 pop +2.354 FH>ID 
(5.42)(.0002) (3.685)(.0036) 

4. CEWpc = .841 -.00172 GNPWI) 
(-3.9ti}l.00183) 

*5. CEWpc = .4196 +.000144 GNP
G

1U:".t" 
(.847)( .414} 

*6. CEWpc = .7407 -.0353 WAI 
(-.997)(.338) 

7. CEWpc = .2432 +.167 PDSl 
(1. 743) (.1069) 

8. CFW = -1.664 -.00105GNPco +.188WAI +.672PDSl 
pc (-2.036)(.069Y (1.548)(.1527) (1.88)(.089) 

: .6949 • 6714 : .5962 : 

: .5064 : .4685 .4398 

: .8568 .8330 : 1.2730 : 

: .5493 : .5146 1.5610 : 

:.0523 :-.0206. : .5077 

:.0710 :-.0004 .5240 : 

:.1894 : .1270 : .5757 : 

:.7186 .6418 : 1. 6427 : 

* Equations 5 and 6, though not statistically significant, have been kept in the table for 
ccmparative purposes with other colUltries. 

29.61 

13.34 

35.92 

15.84 

.72 

.99 

3.04 

9.36 

t\.) 

co 
\.D 



Table 32--Gbnt 'd 

Senegal Derived Demand Equations 

Equations Numbers, t-values, 
and Significance Level 

9. CFW = -4.257 +.000145GNP +.396~ffiI +1.199PDSI 
pc (.297)(.77) c~.454)(.034) (3.896)(.00298) 

10. lnCFW = -4.874 -.564lnGNP +3.22lnlffiI +1.907lnPDSI 
pc (-2.61)(.026) T£~319)(.217) (1.54)(.154) 

11. lnCFW + -8.58 -.3541nGNP +4.34ln~ +3.428lnPDSI 
pc (-1.097) (.298Turrl.275) (.23) (2.731) (.0211) 

R2 R2 D.W. F-Statistic 

:.6156 .5108: 1.179 5.87 

:.6888 : .6039 : 1.6917: 8.11 

:.5460 : .4214 1.0852: 4.40 

Note: NUmbers in first parentheses represent the calculated t-ratio of coefficient 
Numbers in second parentheses represent the level of significance (p-value) 

~ 
I.l) 
o 
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Equation 4 on Table 32 suggests that 50 percent of 

the variation of per capita fuelwood consumption in Sene

gal can be explained by GNP at constant market prices. 

The negative sign of the coefficient, along with the 

t-ratios and significance level, imply that fuelwood is 

considered an inferior good; this means that as income 

increases, people will reduce their demand for wood 

energy, and may switch to other higher sUbstitutes. 

According to equation 6 of Table 32, the wood. 

accessibility index is by no means an indicator of fuel

wood consumption; at least there is no linear relationship 

between them. Even so, the sign reflects my original 

assumption, that as accessibility to wood reduces, people 

will use less wood. Likewise, the population density 

sensibility index (PDSI) results were not significant. 

Put together as indicators of fuelwood demand, 

GNPcon ' WAI, and PDSI accounted for 72 percent of its 

demand. Based on the size, sign, and significance of the 

respective coefficients, GNP con was the stronger variable. 

If the dependent and independent variables were 

transformed into logarithms, equation 10 results. As in 

equation 8, all the tests were significant. Once again, 

the signs were contrary to my expectations. GNPcon 

remains the most important indicator of fuelwood demand. 

Equation 9 and its log-transformed, equation 11 of Table 
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32, replace GNP at current market prices for the GNPcon• 

Their obtained results were similar to those of GNP in 

terms of t-test and significance levels. However, the 

coefficients of determination fell. 

Burkina Faso 

The 13 regression equations derived from the 

data of Burkina Faso are shown on Table 33. According to 

my results, population is a strong indicator of aggregate 

fuelwood consumption. The R2-value (0.985), the t-ratio, 

and the significance level support the point, despite a 

low D.W. statistic. The same can be said about land 

forested area. Combining both variables into the same 

equation revealed that population was a better estimate of 

aggregate fuelwood consumption as suggested by a bigger 

t-test ratio. 

Income as a variable of per capita fuelwood con

sumption cannot be supported by the results. Nonsignifi

cant R2 ·s of 0.01 did not explain any linear correlation. 

This suggests that in Burkina Faso, the majority of 

fuel wood consumed did not enter commercialized channels. 

A second explanation could be that only urban demand had 

been reported into the original data of the FAO. 

The WAI and PDSI results were also not encouraging 

in terms of R2 ·s and other tests. A positive point 

relates to the negative sign of the WAI. GNPcon ' WAI, and 



Table 33 

Burkina Faso Derived Demand Equations 

Equations Numbers, t-values, 
and Significance Level 

1~ FWCA = -527.71 + .997 pop 
(29.105)(.0000) 

2. EWCA = 25845.90 -2. 706 F~ 
(-27.02)(.0000) 

3. FWCA = 4860.27 +.794 pop -.553 F~ID 
(1.429)(.18) (-.366)(.721) 

*4. CE'Wpc = .9778-.000789 GNPCQ[l 
(-1.418) (.HU) 

*5. CEWpc = .9112 -.000034 GNPC\ITT 
(.388)(.704) 

*6. ~lpc = 1.003 =-.1189 WAr 
(-.0492) (.632) 

*7. CE'Wpc = .892 + .0227 PDSI 
. (.437)(.669) 

8. CFW = 3.748 -.001479GNP -.295WAI -.529PDSI 
pc (-2.66)(.0a9Y (-.883)(.398) (-.737)(.478) 

R2 R-2 D.W. F-Statistic 

: .9849 .9837 .8158 : 847.13 

: .9825 : .9811 : .8756 730.34 

: .9851 : .9826 .7809 : 395.42 

: .134 : .0674 : 1.8972 : 2.01 

: .0114 :-.0646 1.266 .15 

:.0182 :-.0573 : 1.676 . .24 . 

:.0145 :-.0613 : 1.680 .19 

: .3658 : .1928 2.528 2.11 

t\) 

\0 
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Table 33--Gont ' d 

Burkina Faso Derived Demand Equations 

Equations Numbers, t-values, 
and Significance Level R2 R-2 D. vI. F-statistic 

9. lnCFW = 12.61 + .0161nGNPc -6.371rulAI -2.0451nPDSI 
pc (.214)(.835) ~5.376)(.0389) (-11.85)(.093) 

:.4598 : .3124 : 2.64 

*10. CFW = 4.3086 + 000071GNPc r -.353WAI -.774PDSI 
pc (.154) (.880) ~.809)(.437) (-.726)(.484) 

:.072 :-.1801 : 1.566 

*11. InCFWpc = .1169 - .103lnvlA! : .0223 :-.0529 1.662 
(-.545}(.595) 

*12. InCFWpc = -.089lnPDSI : .0096 :-.0665 1.653 
(.356)(.728) 

13. lnCFWpc = 9.329 -.0609lnGNPQQ~ -4.56ln\lA! -1.361nPDSI :.4970 : .3598 : 2.848 
(-.929) (.3}4) (-1.865)(.091)(-1.7)(.1201) 

Note: Numbers in first parentheses represent the calculated t-ratio of coefficient 
Numbers in second parentheses represent the level of significance (p-value) 

3.12 

.28 

.96 

. . .13 

3.62 

* These equations are not statistically significant, but were kept in the table for canparative 
purposes with other countries. 
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PDSI combined into a multiple regression form showed a 

moderate 0.365 coefficient of determination. The signs of 

the coefficients were nevertheless right. 

Since I got statistically nonsignificant results 

from my postulated variables, I ran simple log equations 

on each. Equations 11 and 12 of Table 33, although having 

right sign, were not significant and were inconsistent 

with my expectations. Equation 13 in log-form generated 

a higher R2 (0.497). The elasticities were between -0.061 

for GNP and 4.47 for WAI. The estimates of WAI and PDSI 

were significantly above unity, suggesting that a 10 per

cent decrease in WAI will reduce per capita fuelwood 

consumption by 45 percent: also, a decrease of 10 percent 

in the PDSI translates into a decrease of 13 percent in 

the dependent variable. On the other hand a 10 percent 

increase in the income will depress fuelwood by 6 percent. 

Mali 

Table 34 displays the estimated regressions 

derived from the Mali data. Equation 1 indicated that 

aggregate fuelwood consumption is a function of aggregate 

population. The coefficient of the population variable 

was positive and significant at the 0.01 level, implying 

that, ceteris paribus, an increase of 1,000 people will 

raise the fuelwood consumption by 2,901 cubic meters. The 

coefficient of determination and all the other tests were 



Equations Numbers I t-values I 
and Significance Level 

1. FWCA = -892.37 + 2.901 pop 
(36.20)(.0000) 

2. FWCA = 59796.7 -4.80 FRWD 
(-4.16)( .0013) 

Table 34 

Mali Derived Demand Equations 

3. FWCA= 5295.47 + 2.715 pop -.566 FRWD 
(2.354)(.038) (29.23)(.0000) 

4. CFWpc = 2.651 +.00137 GNPoon (2.11)l.056) 

5. CFWpc = 2.706 + .0004GNPClJt"t' 
(3.402) (.OO!l3) 

6. CFWpc = 3.446 -1.232 ~ 
(-3.476){ .0046) 

7. CFWpc = 3.443 -.548 vlAI~o 
(-3.459h .0047) 

8. CFWpc = 2.615 + .172 PDSr 
(1. 77) (.102) 

R2 R-2 D.W. 

: .9901 .9890 : .6980 

: .5506 : .5370 1.338 

:.9940 : .9930 : 1.357 

: .2555 .1980 : .728 

: .4710 : .4300 .771 

: .4820 : .4410 1.828 

: .4790 .4390 : 1.178 

: .1940 : .1320 : .712 

F-Statistic 

1310.76 

. 17.28 . 

: 1002.89 

: 4.45 

11.57 

12.08 

: 11.96 

3.14 

l\) 

\0 
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Table 34--COnt' d 

Mali Derived Denand Equations 

Equations Numbers, t-values, 
and Significance level R2 R-2 D.W. F-Statistic 

9. CFW = 3.541 +.00031GNP =1.335WAI -.0755PDSI 
pc (.303)(.7~Y (-2.256)(.048) (-.515)(.617) 

10. CFW = 3.329 +.0013GNP =.30SVAI -.688PDSI 
pc' (5.32)(.0883) (.859)(.41) (-5.06)(.0005) 

11. CFW = 3.325 +.0013GNP -.134WAI -.688PDSI 
pc (5.34)(.08H§j (.85)(.4fg) (-5.051)(.0005) 

12. CFW = 3.521 + .00033GNP n -.584WAI 0 =.0719PDSI 
pc (.32)(.75g~ (-2.232)f.049) (-.49)(.634) 

13. lnCEW = .686 +.042lnGNP -.16lnWAI -.1811nPDSI 
pc (2.813)(.8~j (-1.796)(.103) (-2.77)(.019) 

14. lnCEWpc = .814 +.042lnGNPClJr'r -.158lnWAI§Q -.181lnPDSI 
(2.82)(.01B) (-1.77)(.10b) (-2.764)(.02) 

15. lnCnl = .834 =.0049lnGNPco -.265lnWAI -.182lnPDSI 
pc (.169)(.869) ?-2.367)(.039) (-.41)(.694) 

16. lnCEWpc = 1.045 +.5361nGNP~Qn -.259lnWAIso -.171lnPDSI 
(.184)(.85B) (-2.34)(.041) (.381}(.711) 

:.4940 : .3560 1.335 : 

: .8570 : .818 : 1.514 : 

: .8560 .8180 : 1. 511 

: .4900 .3510 : 1.311 : 

:.7020 : .6210 : 1.118 

:.7000 : .6180 : 1.102 : 

:.488 .3490 1.364 : 

:.485 .344 : 1.339 

Note: Numbers in first parentheses represent the calculated t-ratio of coefficient 
Numbers in second parentheses represent the level of significance (p-value) 

3.58 

22.01 

21.97 

3.53 

8.63 

8.57 

3.51 

3.45 

t\J 
1.0 
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significant. However, the D.W. statistic is low. Simi

larly, the negative relation between fuelwood consumption 

and forested area was not surprising. Both independent 

variables impact on aggregate fuelwood use as the 0.99 R2_ 

value of equation 3 suggests. 

The results obtained for the GNP's indicated that 

per capita fuelwood consumption is positively related to 

income; this suggests that fuel wood is considered as a 

normal gqod in Mali. The low value of the R2 ·s may be 

attributed to the fact that.fuelwood is not commercialized 

much in Ma 1 i. 

The regression equations 6 and 7 of Tabl e 34 

support the assumption that per capita fuelwood will be 

reduced as wood accessibility diminishes. The t-tests of 

the coefficients were significant. Likewise, about 50 

percent of the variation in per capita fuelwood consump

tion can be attributed to WAI. The results obtained for 

the PDSI, as indicated by the positive sign of the coeffi

cient and the significance level, were not conclusive. 

Interestingly, when per capita fuelwood consump

tion was a function of income (GNPcon' GNPcurr )' popula

tion (PDSI), and wood availability (WAI, WAl so)' presented 

by equations 9 through 12, I obtained different results, 

particularly with the R2 ·s. If I replace GNPcon by 

GNPcurr ' the coefficient of determination almost doubled, 
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from 0.494 to 0.856. All the coefficients have the 

expected signs except for the GNP's. The log-transformed 

data did not vary much from the linear models. 

According to my results, fuelwood consumption 

forecasts could be derived from equation 3 of Table 34 as 

evidenced by a good fit of the model, and no indication of 

autocorrelation between population and forested area. 

Despite the limitations of the data, planners in/for Mali 

would be well advised to use my parameters. 

Cross-Section Analysis (Sahel) 

Given the disparities and inconsistencies of some 

of the above analyzed results, I believe that a cross

sectional analysis is needed. Before that, let me review 

some theoretical backgrounds on the methodology of pooling 

data. 

Several methods of pooling data exist. The first 

technique is to combine all cross-section and time-series 

data and perform ordinary least-square regressions on the 

entire data set. A second procedure involves the recogni

tion that omitted variables may lead to changing cross

section and time-series intercepts. Covariance analysis 

involving the addition of dummy variables to the model 

could be used. Johnson and Lyon (1973) suggested that 

researchers having access to multiple cross-section 

samples are well-advised to explore the analysis of the· 
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covariance estimator. A third pooling technique improves 

the efficiency of the first least-squares estimation 

process by accounting for the existence of cross-section 

and time-series disturbances. 

The advantages cited in Chapter 9 prompted me to 

pool the data set of the seven countries studied in one 

unit, the Sahel. In doing so, I considered first the two

variable model (from Pindyck and Rubinfeld 1981): 

i = 1, 2, 3, ••••• , N 
(74) for 

t = 1, 2, 3, ••••• , T 

where N is the number of cross-section units (seven coun

tries in my case) and T is the number of time periods (15 

years in my study). If all the classical error-term 

assumptions hold (no correlation with X, no autocorrela

tion, no heteroscedasticity, etc ••• ), in principle, we 

could estimate separate cross-section regressions, each 

regression involving N observations. For example, for 

time period t = 1, the cross-section would be: 

(75) i = 1, 2, ••• , N, there 

would be a total of T such equations. Similarly, I could 

estimate N time-series regressions with T observations in 

each. Such a procedure would be cumbersome and time

consuming. However, if both aand S are constant and over 

cross-section units, more efficient parameters estimates 
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can be obtained if all the data were combined so tha tone 

large pooled regression is run with NT (7 x 15 = 105) 

observations. In this elementary pooling technique, there 

will be NT - 2 degrees of freedom (since estimation of the 

two parameters uses up two degrees of freedom). The same 

type of analysis holds for the multiple regression models. 

According to Pindyck and Rubinfeld (1981), the 

difficulty with the least-squares procedure just described 

was that the assumption of constant intercept and slope 

may be unreasonable in a pooled model. A possible solu

tion is to introduce dummy variables as already noted 

above. However, the authors recognize themselves that 

several important problems associated with the use of the 

covariance model for purposes of pooling exist. First, 

they said that the use of dummy variables did not directly 

identify the variables which cause the regression line to 

shift over time and over individuals. In addition, dummy

variable coefficients are difficult to intercept. Second, 

the dummy-variable technique uses up a substantial number 

of degrees of freedom (N + T - 2 in my two-variable model). 

The loss of substantial degree of freedom may considerably 

decrease the statistical power of the model. 

Then, to test the empirical question concerning 

the effects of the individual variables described in 

Chapter 9 (separated and combined) on the fuelwood 
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consumption, model 74 will be used. My sample included 

the seven countries: Burkina Faso, Niger, Mali, Mauri-

tania, Senegal, Chad, and The Gambia. I use time-series 

data on all variables for the period considered, 15 years. 

I implicitly assumed that time-series intercepts remain 

constant during the period of study. The results obtained 

will be reviewed. I will adopt the same approach followed 

in the analysis of individual countries. My statements 

will be more generalized, however. The overall results of 

the Sahel are shown in Table 35, along with the t-ratios, 

2 -2 significance levels, R , R , D.W statistic, and F-

statistic of the regression. 

Population 

The modest R2 indicated that 40 percent of the 

variation of aggregate fuelwood consumption can be 

explained by the population data. The 81 parameter tells 

us that a 1,000 change in population will lead to an 

expected change of 1,588 m3 of fuelwood per year. The 

positive value of the coefficient is consistent with the 

hypothesis that an increase in population is translated 

into an increase in the aggregate fuelwood consumption. 

So far, I have associated a high value of R2 with 

a good fit of the regression line and a low value of R2 

with a poor fit. However, in cross-section studies, a low 

R2 may occur even if the model is satisfactory, because of 



Equations NUmbers, t-values, 
and Significance Level 

1. FWCA = -1373.69 + 1.588 pop 
(8.35)(.0000) 

2. FWCA = 4831.56 + .0269 F~ 
(.347)(.727) 

Table 35 

Sahel Derived Demand Equations 

3. FRWA = -1758.12 +1.59 pop +.0356 ~V:D 
(8.332)(.0000) (.592)(.652) 

4. CFWpc = 1.759 -.0044 GNPCQn 
(-4.361)(.00005) 

5. CFWpc = 1.795 -.0031 GNP8urr (-5.28)(. uuu) 

6. CFWpc = 1.328 -.042WAI 
(-1.661)(.095) 

7. CFWpc = 1.959 -.519 PDSI 
(-7.537)(.0000) 

8. CFW = 2.623 +.0044GNP n -.169WAI -.896PDSI 
pc (3.68)(:8005) (-6.79)(.000) (-9.71)(.000) 

9. CFW = 2.572 +.00042GNP r -.lllWAI -.681PDSI 
pc (.647)(.5~~ (-6.28)(.000) (-7.58)(.000) 

R2 R-2 D.W. 

: .4040 : .3970 1.819 

:.0012 :-.0085 : 1.867 

: .4060 .3940 1.887 

:.1550 : .1470 : 2.205 

: .2130 .2060 : 1.917 

: .0260 .0166 2.044 

: .3550 : .3490 1.980 

:.5630 : .5500 : 2.843 

: .5070 .4920 : 2.716 

F-Statistic 

69.71 

.12 

· 34.81 · 
19.02 

27.95 

: 2.76 

56.80 

· 43.44 · 

34.61 
w 
0 
w 



Table 35--Gont i d 

sahel Derived Demand Equations 

Equations NUmbers, t-values, 
and Significance Level R2 R-2 D.W. F-Statistic 

10. lnFWCh = -.372 + 1.036lnPOP 
(13.43)(.0000) 

11. lnFWCh = 5.441 + • 288~ 
(3.951)(.0002) 

12. lnFWCh = -.370 + 1.296lnPOP -.239lnFRWD 
(13.46)(.000) (-4.062)(.00014) 

13. lnCFWpc = -.204 +.131 ldWAI 
(2.208)(.028) 

14. lnCFWpc = .110 =.763 lnPDSI 
(-9.63)(.000) 

15. lnCE\'lpc = 2.88 -.619 InGNNP
sQn (-S.S8){ .00 } 

16. lnCFWpc = 2.93 -.584 GNPcJ.J.rt" 
(-6.16) (.UUUO) 

: .6360 .6330 1.752 : 180.43 

: .1316 .1232 1.808 15.61 

:.6870 : .6810 : 1.388 : 122.04 

: .6850 .5730 1.534 : 4.87 

: .4740 : .4680 : 2.314 :" 92.71 

: .2320 .2240 : 2.220 31.13 

: .2690 .2610 : 1.750 : 37.92 

17. lnCFWpc = .012 + .03S1nGNP~D -.0571nWAI -.825lnPDSI :.4790 : .4640 : 2.474: 31.02 
(.241)l.197) (-1.01)(.316) (-5.992)(.0000) 

18. lnCEWpc = .659 -.102lnGNP~a,lr.r -.037lnWAI-.7231nPDSI : .4830 : .4680 : 2.360: 31.50 
(-.903)(.312) (-.721)(.479) (-5.96)(.0000) 

Note: NUmbers in first parentheses represent the calculated t-ratio of coefficient 
NUmbers in second parentheses represent the level of significance (};r"value) 

w 
o 
,J::. 
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the large variation across individual units of observation 

which is inherently present in the data (Pindyck and 

Rubinfeld 1981). These authors suggested that a better 

overall measure might be a statistic which describes the 

predictive power of the model. Accordingly, all my tests 

are statistically significant. Furthermore, the D.W. 

statistic indicated no presence of autocorrelation. 

The low R2 obtained from the linear model urged me 

to further investigate the relationship between aggregate 

fuelwood consumption and population. The data were trans

formed into natural log, and equation 10 in Table 35 

resulted. The coefficient of determination R2 had 

improved by 0.24, from 0.40 to 0.64. The estimated 

coefficient was significant at the 1 percent level, since 

the t-statistic is greater than tabulated values. Once 

again, the coefficient was positive as I had guessed. The 

t-statistic and the significance level suggest that fuel

wood demands forecasts could be based with the double-log 

equation 10 of Table 35. 

Forest and Woodland Area 

Equation 2 and its double-log form equation 11 

describe the estimated relationship between aggregate 

fuelwood consumption and forested area. The obtained 

results indicated that no correlation exists between the 

two. All the. tests point to that conclusion, even though 
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the D.W.indicates no presence of autocorrelation. Further

more, when forested area was associated with population as 

a fuel consumption indicator, the tests of the former were 

not significant. This was the case of the linear model as 

found in equation 3 of Table 35. 

Interestingly, when both indicators were trans

formed into log, the resulting equation 12 gave expected 

results. The signs of 81 and 82 conform to those postu

lated. Both were statistically significant at the 1 per

cent level. From the F-ratio, it can be concluded that R2 

(0.68) indicates a good fit of the model. Moreover, the 

D.W. is higher. The double log-model did show population 

and forested areas to be important indicators of fuelwood 

consumption. It performed statistically better than the 

linear model. 

Per Capita GNP 

Equations 4 and 5 represent the estimated results 

of the linear model, when per capita fuelwood consumption 

was expressed as a function of income at current and 

constant prices taken separately. In both cases, the 

negative sign was hypothesized. However, the coefficients 

of determination were low. The F-statistics, the t-ratios 

and the significance levels came up all statistically 

significant. Transforming the data into natural loga

rithms resulted into equations 15 and 16 of Table 35. The 
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statistics associated with the parameters continue to be 

significant. The values of the R2 still suggest that a 

good deal of variance in the model is continually 

unexplained by income. Nonetheless, one can still use the 

resul ts of the model to study the impact of income on 

fuel wood consumption in the region. 

vlood Accessibility Index (viAl) 

The results of WAI as an explanatory variable of 

per capita fuelwood consumption are displayed in equation 

6 (linear model) and equation 13 (double-log model). 

Linearly, there was no fit between WAI and the dependent 

variable. The low R2 was the the only shortcoming of the 

estimates, however, I have expected that the WAI be nega

tively correlated with per capita fuelwood consumption. 

As people continue to cut more trees from the natural 

cover, less fuelwood would be available and accessible to 

housewives and children. The statistic tests confirmed 

this fact. 

The natural logarithmic form (equation 13) 

provided results not in line with what one would expect. 

The positive sign of the parameter indicates a direct 

relationship between fuelwood consumption and wood access

ibility index; although this was not my contention, it 

does suggest that people near forested araas would tend to 

use more wood. In any event, it is very logical that it 
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might be the case. Interestingly, I found that 68 percent 

of the variation of fuelwood consumption could be 

explained by accessibility to wood. 

Population Density Sensibility Index 

The results for the per capita fuelwood consump

tion as a function of PDSI based on a I inear estimation 

are presented by equation 7 of Table 35. Overall, 

explanatory power of the model as measured by the R2 is 

statistically not significant, in that only one-third of 

the variation is explained: this is not surprising 

considering that other factors play into the determination 

of fuelwood consumption. Once again, my hypothesized 

assumption was acceptable based on the negative sign 

obtained. Population pressure will reduce the amount of 

fuelwood available for each individual as more people are 

accounted for. 

The estimated parameter of the double log-model 

shown in equation 14 of Table 35 produced an elasticity 

which is generally comparable to that of the linear model 

(0.763 for the former and 0.519 for the latter). As 

before, the explanatory power has improved from 0.355 to 

0.474 (values of R2 ·s), at least in absolute terms. 

The indicator variables have been combined into 

multiple linear and double log forms. The derived results 

are displayed by 8-9 and 17-18. Equation 8 parameters 
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were all significant, and the signs are as expected except 

that of GNP at constant market prices: this could be 

explained by the nature of the data, but on the other 

hand, the idea of fuelwood being considered as a normal 

good is also plausible. There is reason to believe that 

people might buy more fuelwood if their income increases. 

By the very nature of more purchasing power, the household 

may use more wood because there is more food and thus more 

meals to fix. Undoubtedly, some urban dwellers are 

limited on the amount of fuelwood they can burn due to 

higher prices, and restricted family budget. Both WAI and 

PDSI were significant and important factors of fuelwood 

demand and supply. 

Results of the double-log estimation, detailed in 

equations 17 and 18 of Table 35, showed a slight decline 

in overall explanatory power except for the PDSI. The R2 

for the log-model is also reduced as compared to those of 

equations 8 and 9. One interesting fact is that all the 

signs came up as expected. 

Summary and Evaluation 

To find out the quantitative relationship between 

fuelwood consumption and its determinants, I constructed 

simple statistical regression models. The point of inter

est has been the relationship among population, income, 

and wood availability and fuelwood demand in individual 
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Sahel ian countries. I have tried to find the nature and 

strength of this relationship by regressing some of the 

important socioeconomic and biological variables which on 

theoretical grounds are thought of as influencing fuelwood 

consumption. In these models, aggregate fuelwood demand 

was specified to be a function of population and the 

forested area. On a per capita basis, it was assumed that 

fuel wood consumption is affected not only by GNP, but also 

by wood accessi~ility index and population density sensi

bility index. The data source did not contain any price 

or its proxies. As indicated earlier, this represented a 

major weakness of my model, in that I ignored possible 

price effects. 

The study has provided a somewhat simplified 

illustration of a model which may be used to measure the 

effect of socioeconomic variables on fuelwood demand. The 

model reflects not only the modest data base at hand, but 

the need to construct an analysis oriented to specific 

questions of fuelwood use in the Sahel. I think that the 

regression technique is a useful addition to the tools of 

analysis which might be employed by advisers on policy 

decisions. According to Kraft and coauthors (1976), in 

data-scarce economies where technical expertise is thin, 

the application of complex, elegant models usually pro

vides few ideas to help formulate development policies or 
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allocate scarce resources. I fully agree with this con

clusion. 

In spite of the weak data base, the results 

obtained provide statistically significant information 

about demand conditions for fue1wood in the Sahel. The 

study also brings to light the statistical discrepancies 

in the recorded data. In addition, one of the most impor

tant findings is that better statistical results were 

obtained from the aggregate data. A summary of the para

meter coefficients and coefficients of determination from 

Table 36 supports this fact. However, if I take into 

consideration the presence of autocorrelation, the pooled 

data produced better results: this was not surprising for 

the degree of freedom increases when pooling. Based on 

the values of the R2s, the aggregate coefficients (popula

tion and forested area) would be useful for fue1wood 

prediction consumption. 

As will be discussed later, improvements in the 

data base would lead to better overall results. More 

studies on fue1wood consumption should be directed towards 

exploring the basis for and the ramifications of statisti

cal discrepancies between the countries. In any event, I 

tried to achieve statistical consistency despite the 

scarcity of the data. I hope that the modeling exercise 



Population 

Countries B R2 
1 

Ebrested 
Area 

Bl R2 

Table 36 

Surnnary of Parameter 

Paramet.ers 

GNPcon 

R2 Bl 

GNPcurr 

R2 Bl 

WAI WAIso PDSl 

B R2 B R2 
1 1 

B R2 
1 

Burkina Paso :.997 :.985 :-2.71: .983 :-.0008:.134:-.0004:.011:-.012:.018:.0000:.0000:.023 :.014 

Chad :1.689:.997 :-1.66: .990 :-.0048:.339: .0017:.145:-.317:.540:-.152:.542: .197 :.500 

The Gambia :1.618:.997 :-4.02: .995 :-.0003:.160:-.0002:.628:-.027:.717: - : -: .103 :.727 

Mali :2.901:.990 :2.715: .994 : .0014:.255: .0004:.471:-1.23:.482:-.548:.479: .172 :.194 

Mauritania .611:.853 :-.044: .937 :-.0001:.004:-.0014:.321:-2.57:.568:-.625:.577: .586 :.433 

Niger .709:.905 :-.479: .675 :.00087:.049: .0002:.477:-.433:.179:-.151:.178: .081 :.388 

Senegal : .736:.695 :-1.01: .506 :-.0017:.549:.00014:.052:-.035:.071: -: : .167 :.189 

Sahel : .588:.404 : .027:.0012 :-.004 :.155:-.0031:.213:-.041:.026: - - :-.519 :.355 

w .... 
'" 



attempted could prove valuable for Sahel ian foresters 

interested in the fields. 
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The major focus of the analysis is the identifica

tion of parameters influencing consumption of fuelwood. 

The following paragraphs will evaluate the findings 

reached with the independent variables, namely, popula

tion, forested area, income, wood accessibility index and 

population density sensibility index. Because some of 

these are interrelated, I will discuss the effect of 

population growth from the aggregate population and PDSI 

results, the income factor as represented by the GNP's, 

and the wood availability and accessibility indicator from 

forested area and \'vAI. 

A crucial finding of this study and those preced

ing it was the identification of population as the single 

most important factor determining fuelwood use. The high 

coefficients of determination coupled with the signifi

cance of parameter tests imply that fuelwood consumption 

function depends largely on population. My results 

reinforce the assertion that in developing countries, the 

relationship between population growth rate and growth in 

fuelwood consumption is almost linearly related (Choe 

1981: Earl 1975: and Kraft et al. 1976). 

I noted in Chapter 2 that populations in the Sahel 

have been growing rapidly. They are using much more 
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woodfuel than in the past for population growth is 

directly related to the increase in the use of woodfuels. 

Any increase in population translates directly into an 

increase in demand for woodfuels (Barnes 1985). Choe 

(1981) noted that the demand for primary energy in a poor 

rural area is determined primarily by the number of popu

lation. In most developing countries, where the greater 

part of wood consumption still consists of fuelwood, 

aggregate fuelwood consumption is still likely to rise 

despite stagnating, or decreasing per capita rates owing 

to the past population increase (Madas 1974). That con

clusion applies more to the Sahelian countries than in any 

other region of the Third World. 

Furthermore, the effect of rapid population 

increase upon the consumption of energy in a developing 

country is of prime importance for its own economy, stated 

Earl (1975). The high population pressure in the develop

ing countries is the biggest factor that hinders the 

raising of their standard of living, he added. Likewise, 

Barnes (1985) warned that natural resources may be over

exploited just to maintain current standard of living. 

Population increase has been accompanied by increases in 

cropping intensity and reduced yields with expansion of 

cropped area at the expense of fallow periods, forest, and 

pasture (Kraft et al. 1976). 
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On the other hand, population pressure issues are 

complex. They involve a combination of climate, soils, 

topography, kinds of farming systems, population growth, 

population del1si ty, and level of economic development 

(Barnes 1985). Increases in population would put pres

sure on the rural ecosystem and make it increasingly 

difficult to gather non-commercial energy. In many coun

tries, the degree of forest depletion in heavily populated 

area is extreme. 

My results on population pressure are not dif

ferent from previous studies~ they confirm that population 

is an important variable in the macroeconomic projections, 

helping to determine total fue1wood consumption and the 

need for more supplies. This problem and similar problems 

will be discussed in the next chapter. 

My study also is useful for assessing the impact 

of income on the fuelwood consumption patterns in the 

Sahel ian countries. Based on the goodness of fit and the 

t-ratios of the GNP's, income seemed to have no impact on 

per capita fuelwood consumption in the Sahel. I did not 

find any discernible effect of income on fuelwood. Eighty 

percent of the time, income was negatively correlated with 

fuelwood, implying that woodfuel is not a normal good. 

From the data analyzed, the idea of fuelwood being either 

a normal or inferior economic good is not clear. The same 
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Africa. 
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Other authors have found that GNP is not neces

sarily negatively correlated with consumption of woodfuels. 

For example, Earl (1975) noted that an increase in income 

in developing countries affects the consumption of fuelwood 

in two contrasting ways, especially where it is associated 

with urbanization. The demand for fuelwood falls as con

sumption of electricity and fossil fuel increases. Also, 

the consumption of fuelwood for conversion to charcoal 

increases as SUbstitution of charcoal for fuelwood takes 

place. According to Arnold (1979), given that most fire

wood use lies outside the monetary economy, it is not 

surprising that woodfuel use appears relatively insensi-

ti ve to change in income over most of the range of income 

prevailing in developing countries. 

With the passing of time, the GNP of a country 

tends to rise, and its per capita fuelwood consumption is 

likely to decrease in some proportion of GNP. However, 

ther.e are sufficient variations among countries. Given 

the relatively slow economic growth in rural areas of many 

African countries, woodfuels probably will remain the 

staple fuel for many years to come (Barnes 1985). 

In general, numerous detailed studies have found a 

close relationship between energy consumption and GNP 
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(Kral 1980). According to Choe (1981), the role of rural 

income as an explanatory variable of rural energy consump

tion is twofold: it can be a proxy for the opportunity 

cost of labor needed to obtain non-commercial energy, in 

addition to being the usual income in any demand 

functions. In the meantime, transition from non

commercial to commercial energy should be understood as a 

part of the entire socioeconomic transformation process 

of a traditional society (Choe 1981). Barnes and Allen 

(1985) postulated that demand for woodfuels would stabi

lize or decline because of interfuel substitution. 

In areas where rural income increases fast and 

consumption of non-commercial energy is close to the 

1 imi ts of na tura 1 regeneration, as in the case of the 

Sahel ian countries, the social cost of non-commercial 

energy may be high and increasing very rapidly. Normally, 

said Choe (1981), this process leads to penetration of 

commercial energy into the rural areas. However, he 

promptly admit·t.ed that it is a matter of great uncertainty 

how this process will develop in the future. In general, 

almost everywhere living standards have increased, there 

has been a shift away from the use of woodfuels for cook

ing (Foley 1985). The latter author also indicates that 

studies in many countries showed invariably a decrease in 

the proportion of families using woodfuel in higher income 
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groups. He said that the switch into higher fuels did 

not appear to be particularly closely related to scarcity 

of wood supplies, but rather to the level of income of the 

people involved. There seemed, he added, to be little 

doubt that large numbers of people would switch to the use 

of conventional fuels if they had the necessary income and 

opportunity to do so. 

Forecasting future demands for fuelwood based on 

the GNP as it is reported in the lvorld Bank, UN data, FAD 

and other public agencies world-wide, is risky. The large 

variation of GNP's across the Sahel indicates the presence 

of many other factors affecting the use of energy in each 

country; these could include economic, geographical, cul

tural, and many others. It is important to recognize that 

people's needs are not adequately represented by and may 

extend beyond a figure for GNP per capita. Even so, it is 

realized that in the Sahel ian countries, modern and tradi

tional economies frequently exist side by side. This 

economic dualism calls for more household surveys, espe

cially in urban areas, because of the wide difference in 

per capita cash income among the population. 

My results showed that there exists a strong 

negative correlation between consumption and woodland 

area, as well as wood accessibility index, even though 

both parameters are traditionally considered as supply 
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indicators. Many people equate woodfuels consumption with 

forest destruction. The lack of socio-economic develop

ment and escalating population growth have put more 

pressure on the wood resources in many countries. I have 

noted in Chapter 5 that the forest resources are rapidly 

diminishing as a result of tree-cutting and a lack of 

replanting. When standing stocks are radically dimin

ished, yields are further decreased and stock depletion 

accelerates further. 

In developing countries, the level and pattern of 

energy consumption is determined more by supply con

straints than by demand considerations (O'Keefe and 

Raskin 1985). My findings suggest in the long run that 

consumers (households) may have to adjust their demand 

pattern according to the availability of woodfuels. In 

fact, I would argue that one of the dominant problens 

facing the Sahel is the depletion of wood resources on 

which so many people depend. Likewise, O'Keefe and 

Raskin (1985) pointed out that the issue of primary 

importance in many developing countries is that the rural 

population is highly dependent on surrounding forests for 

fuel, food, and fiber. 

Even so, according to an International Task Force 

convened by the World Resources Institute, The vlorld Bank, 

and the United Nations Development Program (1985), 
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deforestation is a complex problem. Fuelwood is only part 

of the reason. The real causes of deforestation, the Task 

Force argued, are poverty, skewed land distribution (due 

to historical patterns of land settlement and commercial 

agriculture development), and low agricultural productiv

ity. These factors combined with rapid population growth 

have led to increasingly severe pressure on forest land in 

developing countries. Despite these facts, deforestation 

and the firewood crisis are closely linked. The two 

problems are not identical, however. 

I agree wi th the point suggested by Eckholm and 

colleagues (1984), that to ~nderstand and effectively 

attack fuelwood scarcity, it is crucial to understand what 

is happening to local forests and why, how forest trends 

affect the availability of fuelwood, and how trends in 

fuelwood use affect forests. They emphasize, though, that 

recent research has revealed that fuelwood scarcity is as 

much a consequence as a cause of deforestation. I make 

the argument that even though a supply shifter, wood 

availability should be incorporated in any fuelwood con

sumption and demand function. There is no doubt that as 

the demand for woodfuel grows, its availability decreases. 

Furthermore, it is necessary to remind ourselves 

that local pressure on the forest stocks has led and will 

lead further to serious firewood shortages and 
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environmental damage. It can be argued that rural people 

generally prefer to collect dead wood. But, as the ratio 

of people to trees rises, fuelwood collecting, along with 

heavy grazing, helps deplete the vegetation over large 

areas and cause the replacement of useful plant species by 

useless ones (Eckholm et ale 1984). More seriously, the 

decline in tree cover in semi-arid zones encourages the 

loss of top soil and the spread of desert-like conditions. 

It appears that trends in fuelwood consumption 

will depend on population level and distribution of house

hold income, and the availability of wood supplies. 

Ultimately, they are also related to the relative prices 

of fuelwood, availability of other fuels and their rela

tive prices, and certainly government policies with regard 

to the provision of domestic fuels. Increasing popula

tions are expected to continue rising in the future. This 

factor alone would therefore tend to increase fuelwood 

consumption. On the other hand, by raising household 

income firewood consumption could be depressed as 

consumers move to preferred fuels. 



CHAPTER 11 

POLICY IMPLICATIONS AND RECOMMENDATIONS 

In undertaking this study, the goals were to review 

the status of the wood energy crisis in the Sahel and 

investigate its short- and long-term perspectives. Several 

recommendations arise from my study. They are intended to 

curb the consumption of woodfuel, and increase its supply. 

Because of the magnitude of the fuelwood problem and its 

relation with other economic indicators, I will extend the 

policies beyond my empirical findings. As such, I will 

investigate the possibilities of plantations (large-scale 

plantations, village woodlots, and agroforestry). I also 

will study the chances of better managing the natural 

forests. Although I devoted an entire chapter to the 

woodfuel sUbstitution aspect, I will reinforce that 

policy. Moreover, I discuss the opportunities and impli

cations of the charcoal import as well as the price policy. 

Furthermore, I include the issues of training and institu

tion building. Finally, I will add a section dealing with 

other relevant policy recommendations whose impacts on the 

fuelwood crisis solution cannot be ignored. In each case, 

I will adopt the summary approach. 

322 
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Population Control 

My empirical results showed that population is the 

single most important indicator associated with fuelwood 

demand at the aggregate level. The number of people 

requiring fuelwood for home cooking and heating is rising, 

especially in rural areas as suggested by the population 

growth rate (Table 1). At the same time, the natural 

sources of fuelwood will be further reduced: cultivation 

will continue to eat into forest areas, while fuelwood 

collection, grazing and other forces will deplete non

forest trees and shrubs (Eckholm et ale 1984). Moreover, 

marginal lands cannot support large numbers of people 

practicing subsistence agriculture. The loss of forests 

and rising population pressure have forced farmers to 

shorten fallow periods, while degrading the productive 

capacity of the land and setting in motion a downward 

spiral of forest destruction (World Resource Institute 

1985). Similarly, Barnes (1985) indicated that rapid 

population growth is a severe problem in regions with both 

poor soils and low levels of rainfall, as is the case in 

many regions in the Sahel. 

So far, the most often recommended solutions to 

the environmental problem being caused by rapid population 

growth, according to Barnes (1985), are interfuel substi

tution~ conservation through more efficient wood stoves~ 



and greater periurban fuelwood plantations and seedling 

distribution programs. However, he said, population 

control programs are rarely mentioned, even though 

population increases resulting from the lack of such 

programs are the cause of the rapidly increasing demand 

for fuels. I agree entirely with his conclusions. 
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It follows that population growth and other popu

lation-related issues should be given more consideration. 

As straightforward as it is, this policy recommendation 

will be one of the most difficult to adopt politically and 

implement socially. In many countries, population control 

may even be considered a taboo subject. For instance, 

because of religion, Islamic countries may be reluctant to 

even consider the policy. Muslim precepts state that 

people should multiply and grow, meaning that having many 

children should be interpreted as having God's blessing. 

Thus a government recommending population control to its 

people may be regarded as sinful, at least in the Islamic 

countries (Table 6). The political ramifications and 

drawbacks could be fatal to the leaders advocating popula

tion control. In the meantime, individuals themselves 

would want to have more offspring to help them out with 

the rural household labor (gathering of wood, cultivating 

fields, guarding the animals, and many other duties). 

People working in the cities benefit from certain kinds of 

welfare payment, especially those depending on the number 
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of children in the household. The more you have, the 

better you are regardless of how the infants are going to 

live. 

Faced with these two dilemmas, it is understand

able to foresee the complex issue of population control. 

Even so, a strong political risk is necessary to tackle 

the population problem. For example, the governments 

could limit or entirely suppress the number of infants to 

be subsidized by the welfare system. Second, women and 

men should be given access to contraceptive measures. 

These are a few possible solutions, and undoubtedly many 

more exist and could be implemented without due considera

tion to any political fallout. In spite of philosophical 

thinking, I believe the Sahel ian governments and people 

ought to consider a population control policy. The inter

national community should go over diplomatic susceptibil

ities in helping take some action. 

Plantations 

It has been concluded in Chapter 6 that tradi

tional sources of energy will continue to supply most of 

the energy requirement in the Sahel. I have demonstrated 

that the forested area has an important impact on the 

fuelwood consumption through the wood accessibility index. 

To that end, there is a strong case for increasing the 

resource base through afforestation and reforestation. 
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International and local foresters working in the Sahel are 

unanimous in their opinion that more trees must be planted 

in the region. As stated by a National Academy of 

Sciences report (1980), the immediate logical response to 

the firewood shortage, with incidental ecological bene

fits, is to plant more trees in plantations, along roads, 

on farm, in shelterbelts, and on unused land. Ellis 

(1982) made the important prediction that to meet future 

rural and urban needs, annual fuelwood planting needs to 

be increased about 15 times over current levels (nearly 1 

million hectares) of new fuelwood plantings a year for 20 

years. Worse, this level, he said, assumes that up to a 

fourth of future demand will be met by conservation or 

alternative fuels. It follows that all countries should 

increase their wood supply for environmental and economic 

reasons. 

Accordingly, this section of the chapter proposes 

to summarize what Anderson and Fishwick (1984) called the 

"Forestry Approach". I have divided it into three subsec

tions, namely large-scale plantations, village woodlots, 

and agroforestry at the individual farm level. Literature 

abounds on these subjects. Therefore, I will again adopt 

the summary approach. 
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Large-Scale Plantations 

As strongly mentioned by Eckholm (1979), so far 

foresters have applied silvicultural knowledge and eco

nomic management to selected wood reserves, and have 

maintained guard fences to protect the trees from wood 

poaching by fuel-starved peasants and unscrupulous 

merchants. Consistent with this spatially narrow vision, 

he added, the bulk of official forestry investment in poor 

countries has been devoted to large-scale plantations. 

These are contiguous blocks of trees usually with the 

exclusive objective of generating forest products, mostly 

fuelwood but occasionally poles as well (Catterson 1984). 

According to Catterson (1984), block plantations 

use a traditional professional skill that occupies a sig

nificant place in the technology employed in the sector 

worldwide. With massive efforts, they achieve economy of 

scale and offer the opportunity for simplified silvi

culture and management. Indirect benefits include 

substantial employment generation, a contribution on 

environmental stability, and a training ground for 

forestry staff (Catterson 1984). Among the disadvantages 

of large-scale plantations, Catterson (1984) pointed out, 

is their low benefit/cost ratio. Along the same line, 

Taylor (1982) mentioned that the critiques of the large

scale planting of fast-growing exotics have been based on 
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a variety of concerns ranging from escalating costs due to 

the dependence of these techniques on imported petroleum 

and hea vy machinery on the one hand, to concerns over a 

range of environmental issues on the other. 

Large-scale fuelwood plantations in the 'Sahel have 

not had great success. Their failure is often, but not 

always, limited to unreliable or inappropriate technology: 

cost problems: lack of local technical skills: unawareness 

of local customs or indifference to them: administrative 

corruption: and frequently a complete lack of interest, or 

even active hostility on the part of the people supposed 

to benefit from the project (Ellis 1982). 

Lately, people like Gorse (1985) advocated that 

industrial fuelwood plantations be limited to the 800 mm 

rainfall isohyet. Considering the possible causes of 

their failure listed above, it is dangerous to pinpoint 

rainfall as the sole basic indicator for fuelwood planta

tions' success or failure. 

I believe that a case can be made for irrigated 

fuelwood plantations along the Senegal and Niger rivers. 

Given the scope of the fuelwood crisis, and the financial 

returns of fuelwood plantations, all possible means for 

increasing fuelwood supplies should be investigated. 

For the large-scale fuelwood investments to have a 

beneficial impact, it is important to adopt a new approach 
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in their planning and implementation stages. Catterson 

(1984) recommended the selection of situations adjacent to 

urban centers where fuelwood demand and prices will con

tinue to be high. He also suggests a careful design and 

planning based on sound information about soils, climate 

and site selection, species yield and growth, supply and 

demand projections. I have reached the same conclusions. 

Village Woodlots 

For my concern, village woodlots and community 

forestry are synonymous. In the Sahelian context, the 

terms are referred to as "Bois de villages." According to 

Srivastava and Pant (1979), social forestry or forestry 

for community development is a new concept of forest 

creation, management and utilization of goods and services 

to generate benefit for the society. Social forestry, 

they add, aims at combining the idle land (including solar 

energy), labor and water resources with the best interests 

of the society in such a manner that the community becomes 

self-sufficient in food, farm manure, firewood, fodder, 

small construction timber, fruits, flowers, and seeds, 

etc; and the soil is protected against water and wind 

erosion on a sustained basis. A warning made by Eckholm 

and colleagues (1984) is worth noting, in that the use of 

these labels does not necessarily means that the activities 
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carried out always bring social benefits to the community 

as a whole. 

Communal forestry programs involve growing trees 

on public or communal lands, as opposed to private farms 

(Eckholm, et al. 1984). There is no doubt that woodlots 

in and around villages and cities can provide stable and 

pleasant surroundings. Everywhere, villages have unused 

or misused lands on which fast-growing woodlots can be 

planted. The literature is full of papers dealing with 

the causes of success and failure of woodlot enterprises. 

Throughout the region, increasing attention is being given 

to the "bois de villages" plantation projects. To date, 

most of them have not lived up to expectations. 

Community forestry is not cheap. It is more than 

mobilizing for labor and planting seedlings distributed by 

the forestry service. It is important to promote the 

creation of an infrastructure so that supply of advice and 

supervision and guaranteed supply of seedlings in time can 

be continued. Planting trees requires considerable organ

ization not to interfere with crop cultivation; the local 

people have to.be convinced that the economic incentive is 

sufficient enough to cover the years of awaiting the har

vest. Questions of ownership and access have to be 

resolved to induce people's commitment. An individual's 

participation in a village woodlot project will be 
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influenced by the allocation of work and output. Without 

the enthusiasm and effort of local people behind them, the 

woodlots will fail and with them the loss of scarce and 

needed resources. Nigel Smith (1981) is correct when he 

says that successful reforestation programs are rooted in 

local support and usually serve multiple purposes, such as 

securing soils and providing firewood. 

Village woodlots in the Sahe1ian setting are 

difficult to implement. Besides some of the constraints 

cited for the large-scale plantations, there is the ever

present conflict between herders and farmers. Properties 

are never fenced in the region, and communal pastures are 

open freely to livestock. Without physical and legal 

protection of the woodlots, animals will wipe them out 

during the first years of implementation. Before embark

ing in any widespread woodlots program, the governments 

should make sure that such limitations are addressed and 

solved accordingly. Successful examples of social 

forestry had been obtained in China and South Korea. Both 

China and South Korea combine unusually strong central 

authority with long traditions of community cooperation. 

While their successes (and failures) in communal forestry 

offer many lessons for planners elsewhere, neither offers 

a simple model for wider application (Eckho1m et a1. 



1984). In any event, the Sahel has much to learn from 

their experiences. 
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In Africa, Ethiopia is perhaps the only nation to 

develop a large-scale communal forestry program. Also, in 

the late 1960's, the Tanzanian government planned that 

every village would start a woodlot to supply its own 

fuelwood needs and improve the physical environment. Up 

to 1982, the success rate was abysmal, though recent 

reports indicate more optimistic progress with village 

woodlots (Eckholm et ale 1984). Since the 1968-73 

drought, enormous efforts have been made in the Sahel to 

promote community forestry. Between 1975 and 1982, more 

than $160 million was spent on various community forestry 

projects (Eckholm et ale 1984). But so far, most of them 

have been almost total failures. 

Participatory forestry at the community level will 

require radical changes in the attitudes and activities of 

governments and aid agencies, and reforms in villagers' 

social organization and land use. Foresters, like devel

opment planners, generally are used to running things from 

above. Their contact with villagers has usually been in 

their roles as policemen denying destitute people access 

to protected lands and wood (Eckholm 1979). In fact, 

antagonism between peasants and forestry officials is 

commonplace throughout the Third World; even tales of 
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murdered forest guards are not rare (Eckholm 1979). As 

thoughtfully noted by fuelwood crisis pioneer Eric 

Eckholm, community involvement is not just an ideologi

cally appealing goal; it is a practical necessity if rural 

forest needs are to be met. To argue the case, he cited 

John Spears in the failure of a village woodlot project in 

Niger for "as fast as the trees were planted the village 

people either pulled them out or allowed uncontrolled 

grazing to take place. This occurred because villages had 

not been involved in formulating the project and because 

they perceived the village woodlot area as a traditional 

grazing ground." Pursuing this issue, Eckholm (1979) 

wrote that "community forestry is not a technology; it is 

a process of social change that requires the continuous 

participation of whole community in planning and problem

solving." 

Despite the problems inherent in community forest

ry, it can work when the conditions are right. According 

to Eckholm et ale (1984), the technical problems involved 

in community forestry often are regarded as minor compared 

to the many social and economic constraints; this may be 

true in countries with favorable climate and experienced 

forestry service. But elsewhere, the lack of proven 

technical packages is a real problem; this is the case 

particularly in the drier regions, like the Sahel, where 
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plantations often fail due to inappropriate species 

choice, incorrect management techniques, drought or 

disease (Eckholm et ale 1984). Nevertheless, I think 

that where social conditions allow and land is available, 

village woodlots and other planting activities on common 

lands can help increase the supply of forest products. 

Furthermore, as indicated by Srivastava and Pant (1979), 

social forestry projects could bring a social change to 

ameliorate distortions in the economy and to ensure a more 

equitable distribution of income and a more equitable 

distribution of the decision-making powers. 

Agroforestry 

On the Sahel ian savannas, trees and grasses grow 

together. There is not closed forest or unbroken prairie 

(Brown and Wolf 1985). Agricultural methods known col

lectively as agroforestry imitate the natural relationship 

by combining useful tree crops with cultivated food crops. 

Agroforestry systems should be allowed to continue to be 

practiced in the dessicated Sahel as it used to be in the 

old days. 

Agroforestry systems are appealing in that they 

respond to both increasing agricultural pressures for land 

and resources and the need of local populations for for

estry products. Given the competing and extensive uses 
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for land in the Sahel, leading to desertification proc

esses, agroforestry schemes could reduce soil erosion, 

increase nutrient cycling and biological activity in the 

topsoil, and perhaps resist to drought. It is not my 

intent in this dissertation to dwell in detail on agro

forestry problems; nevertheless, they are so popular 

worldwide, and may be the answer to the desertification 

and fuelwood scarcity situation in the Sahel, that a 

thorough analysis is;needed on their impact in the region. 

It is my understanding that reforestation on any 

substantial scale will not take place until the popula

tions themselves decide to undertake it. It is hoped that 

"a sustainable land management system which increases the 

overall yield of land, combines the production of crops 

(including tree crops) and forest plants and/or animals 

simultaneously or sequentially, on the same unit of land, 

and applies management practices that are compatible with 

the cultural practices of the local people"* would 

facilitate that goal. 

Let us be reminded briefly on the major social, 

economic, and ecological benefits of agroforestry systems. 

From the social point of view, the introduction of a 

forest component into the rural world helps to create new 

*Definition of agroforestry adopted from von Maydell (1979). 
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employment, without changing local traditions, and without 

inducing further deterioration of the agricultural soils 

(Combe 1982). Along the same lines, Douglas (1973) 

emphasized the fact that by offering new and interesting 

schemes of land development and utilization, the influx 

into the towns can be checked. People would return to 

participate in agri-silvicultural activities which could 

provide profitable and meaningful occupations for 

thousands of jobless individuals and families. 

Economically, the agroforestry systems appear as 

an interesting contribution to solve the food crisis, as 

well as the energy crisis. Being a long-term investment, 

with a market for wood products already existing, the 

farmers are expected to take care of their trees. The 

ecological advantages of agroforestry concern particularly 

the microclimate and the soil. Depending on the species 

combined, the trees contribute to a favorable micro

climate for the development of the crops (Combe 1982). 

Trees along field borders will provide windbreaks, the 

barriers that protect plants and crops of the farm. 

Fodder trees and shrubs will ameliorate the micro-climatic 

conditions and thereby improve conditions for better 

growth of the crops. Regular spreading of animal manure, 

intensified sometimes by stabling and bedding, could 
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provide the necessary fertilizers. Undoubtedly, agro

forestry schemes are particularly appropriate in develop

ing regions, since they aim to tackle three seemingly 

chronic problems: shortages of food, fuel, and jobs 

(Smith 1981). 

I mentioned at the end of Chapter 7 some of the 

constraints of agroforestry programs. The traditional 

land tenure system militates against private ownership. 

There is also the externality problem regarding the fact 

that as long as the local tree stocks are not in shortage 

and can be cut as free good, the incentive for individual 

planting is very low, if not nonexistent. 

Agroforestry systems will require good will and 

coordination among herders, farmers, and various govern

ment agencies. Traditionally and historically, forestry 

and agriculture are looked upon as competitive, not 

complementary. It is hoped that the agroforestry systems 

will bring together livestock people, agriculturalists and 

foresters, as they work hand in hand in their implementa

tion. 

As pointed out by Mergen (1983), for an agrofor

estry program to be successful, the biological considera

tions have to be understood. In addition to organizational 

factors, careful site selection and species selection are 

important for successful agroforestry projects. An 
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appropriate match of site characteristics and species 

requirements is necessary for tree survival rates and high 

yields. The choice of species to be interplanted, the 

sowing density, and spacing between rows are important in 

order to avoid adverse effects on tree and crop growth. 

In choosing the species to be planted, it is important to 

recognize the importance of the indigenous species in 

providing fruits, medicines and other useful products. 

Advocating only exotic fast-growing species is a closed

minded approach, one to be avoided. 

According to Weber and Hoskins (1983), a wealth of 

knowledge exists about ecologic relationships between 

plant life and human activities, about local tree species 

\llhich complement each other in a farm park landscape or on 

rangeland. Even so, I feel that more research is needed 

to look further into the technical and economic aspects of 

integrated farm forestry. As such, I renew the idea of 

Anderson and Fishwick (1984), in that there are good 

reasons for establishing a regional center in West Africa 

on agro-sylvo-pastoral research, or 'at least to coordinate 

it. It would be interesting to investigate new forestry 

technical packages that are well adapted to marginal lands 

in the arid and semi-arid zones for both local and exotic 

tree species. 
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Plantations must be included in any long-term 

solution of the fuelwood crisis in the Sahel. Periurban 

plantations for towns and cities, community woodlots, and 

individual farm mUltipurpose plantations (agroforestry) 

that provide fuel wood, poles, and erosion control in rural 

areas are all-important and badly needed. A more rigorous 

political commitment, beyond words, to reforestation would 

be a good and valuable start. Furthermore, planting must 

happen with the enthusiasm and effort of the local people. 

Even so, expectations placed upon afforestation must be 

realistic: alone, it will not be able to sustain present 

levels of consumption. 

Furthermore, some biological considerations are 

worth noting. We should keep in mind that diversification 

is one of the main defenses for foresters. By planting 

more than one species, we can spread the risks, even 

though we do not totally eliminate them. We should focus 

upon native and exotic drought-resistant, fast-growing 

tree species. We need to center research on more fast

growing, multipurpose tree species, as well as their 

selection and breeding, to maximize sustainable yields. 

Finally, how are we going to incorporate biophysical and 

socioeconomic research into farming and grazing systems? 
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Management of Natural Forests 

In the semi-arid zones of the Sahel, there exist 

forest reserves (locally known as "forets classees"), 

though often degraded by poaching and overgrazing~ this is 

the case even in countries which have suffered severe 

deforestation. In addition, large common lands with 

scattered tree cover lay outside these forest reserves. 

Unfortunately, drought conditions and sometimes well

intended but misguided policies have destroyed the 

traditional systems of community forest management. 

More often, wood production from the newly imple

mented plantations, established by bulldozing existing 

natural woodlands, falls below projected yields used in 

justifying the investments. A case should be made to 

better control the cutting, burning, and grazing in 

natural woodlands~ this could be combined with replanting. 

These actions would raise their wood output at limited 

costs as compared to those of the new plantations. 

Furthermore, we would preserve a rich and varied eco

system. Despite these apparent benefits, management of 

existing forests has received much less attention than it 

deserves. It is less glamorous than large tree-planting 

programs. It offers no prospect of instant success 

through the exploitation of new miracle species (Eckholm 

et al. 1984). 
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Any long-term action should include the effective 

management of natural fuelwood resources. Fortunately, 

when properly managed, trees are a renewable resource. 

Each country should develop an effective way to monitor 

changes in the biological productivity of forests, trees, 

and shrublands in relation to their use for energy and 

other products. Better management of the forest suggests 

protection against unnecessary overcutting, overgrazing, 

overclearing, and, where appropriate, uncontrolled wild

fires. So far, the traditional role of the local 

foresters had tried to put more emphasis on protecting the 

natural cover. 

Brown and Wolf (1985) pointed out that careful 

management of Africa's forests can boost wood supplies 

more cheaply than any alternative planting scheme. They 

note that natural forests maintain hydrologic and nutrient 

cycles and are an important refuge for wild plant and 

animal species, at least they used to be in some areas of 

the Sahel. In addition, natural forests also provide the 

best environment for the germination of tree seedlings, 

and can be an important source of trees for propagation in 

reforestation programs. Policies oriented at conserving 

the natural wood stocks cannot be overstated in the 

Sahel ian context. 
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However appealing the management of natural wood

lots policies might be, it would be impossible to implement 

them without due consideration of the uses of the natural 

forest by the local people, some of which are cited in 

Chapter 3. Where governments had suppressed traditional 

rights on forest reserves, people tend to overexploit for

est resources. The author has witnessed this fact during 

his l2-year career in the Forestry Service of Mauritania. 

Moreover, natural forest management faces serious 

technical and social obstacles, even though they are very 

attractive in theory. According to Eckholm and colleagues 

(1984), there has been little research on the species and 

dynamics of the native woodlands of tropical semi-arid 

zones. They pursue that little is known about feasible 

rotation patterns and how best to incorporate controlled 

grazing and woodcutting into management. The social 

unknowns may be even greater. Even with all the condi

tions right for natural forest management, to be effec

tive, more alternative sources must be given to the 

people. I have devoted an entire chapter to the alter

native sUbstitutes of fuelwood. 

The results and the analysis above made the point 

that natural forest management of wood and nonwood product 

is crucial. However, we need more research on the silvi

culture, harvesting methods J multipurpose management of 
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the natural woodlands and some basic ecological research. 

Even more necessary before we embark upon these tasks, we 

should inventory the forest, analyze its resources, and 

monitor them through time. The uses of low-cost, effi

ciently proven remote sensing techniques have an important 

role to play here. 

Substitution 

As indicated above, Chapter 6 was a survey of 

the possible alternatives of fuelwood substitutes in the 

Sahel. I will not come back to the subject, other than to 

emphasize some points. As mentioned by Montalembert 

(1982), any short-term action at solving the fuelwood 

crisis in the Sahel would include substitution as a 

temporary measure to restore fuelwood supplies; improve

ment of conversion technologies, and organizing marketing 

and distribution. 

Conservation measures coupled with new plantations 

will unlikely be sufficient enough to solve the short-term 

problems. Emphasis should be placed on the development 

and introduction of alternative fuels, either temporarily 

or permanently for exhausted supplies. We have seen that 

the possibilities range from the introduction of conven

tional fuels like petroleum, through biomass-based fuels 



like charcoal, ethanol, methanol, and biogas, to the 

direct conversion of wind and solar energy to heat. 
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Any large-scale substitution introduction and 

development will bring with it some costs. The national 

economies (as noted earlier) are weak and shrinking. This 

implies that some kinds of subsidies would have to be put 

in place. I suggest that before embarking in sUbstitution 

programs, studies be conducted to determine how local 

people will accept them, and also their relative technical 

efficiency and real effect on fuelwood consumption patterns. 

Charcoal Import 

World Bank report studies on the problems and 

solutions of energy in various Sahelian countries recom

mend charcoal import from neighboring forest resources 

rich countries such as Liberia, Guinea Bissau, Sierra 

Leone, and Ivory Coast for the urban markets of sub

Sahel ian Zone countries, like Mauritania, Senegal, The 

Gambia, Niger, and perhaps Chad. It was noted elsewhere 

in this dissertation that charcoal would remain an impor

tant residential fuel for urban households in Mauritania 

and Senegal. 

Obviously, if nothing is done to curb woodfuel 

appetite in the big cities, imports would be required to 

meet the growing demands; this in itself calls for a 
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detailed comprehensive study to identify logistical prob

lems. As one of the UNDP/World Bank reports (1985) puts 

it, one pivotal issue concerns the availability of 

shipping at reasonable cost which will largely determine 

the viability of the option. Along with the economical 

and financial study, it is important to ensure in its 

implementation that monopolistic groups do not take over 

the prospective trade by acquiring the few licenses 

issued. Some kinds of regimentation would be necessary, 

with the opportunities remaining open, so that competition 

follows for the benefit of the consumers. 

Price Policy 

I have noted in Chapter 7 that, despite the 

already high price of woodfuels in the Sahel, the prices 

had to be increased more. The idea is so popular among 

fuelwood experts working in the Sahel that it has become 

one of their core recommendations. I wanted badly to 

include a price parameter in the data analysis, but 

could not because of its nonexistence in time series in 

the available literature. Nevertheless, I think that it 

is a policy worth noting and analyzing. Once again, I 

adopt the summary-approach as I did for all the other 

policy recommendations. 

In many parts of the world, write Wardle and 

Palmieri (1981), the idea is prevalent that wood is free, 
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or at least very cheap. According to the UNDP/World Bank 

(1983, 1984, and 1985), fuelwood retail prices in the 

Sahei do not reflect the opportunity cost of wood to the 

economy. The economic cost of fuelwood, the World Bank 

experts argue, is reflected in the cost of reforestation 

and its absence by the cost of deforestation in terms of 

decreasing soil fertility and eventual desertification. 

These experts emphasize that both costs have to be con

sidered. Estimates along these lines are certain to show 

the economic cost of woodfuels to be well above their 

current market prices, high as these may seem, particu

larly to urban consumers (World Bank 1984). Permit fees 

have remained unchanged since 1959 in some countries, like 

Niger (World Bank 1984), and by now amount to less than 1 

percent of the average retail prices for woodfuels. The 

same point is shared by Baah-Dwomoh (1983). In a report 

to the World Bank, the latter concluded that wood pricing 

practices in the Sahelian countries are woefully inadequate. 

The governments can influence woodfuel prices by 

affecting the cost of cutting the wood IIpermis de coupe. 1I 

Low permit fees imply that any attempt at reforestation 

and natural forest management will be uneconomical and 

financially non-self-sustaining, since the present value 

of costs of production far exceeds the revenues that the 

wood produced could generate (Dwomoh 1983). My 



347 

sensitivity analysis (presented in Chapter 7) did not 

show this assertion. We have seen from Table 10 that the 

fee made up a very sma 11 proportion of the retai 1 cost of 

wood while profit margins along the chain "filiere" made 

up between 40 to 50 percent. The Sahel ian governments, 

according to Baah-Dwomoh (1983) and many others (Shaikh 

1984~ Gorse 1985~ and Anderson and Fishwick 1984), have an 

obligation to tap some of the loggers and wood retailers 

benefits for improving forest management and reforesta

tion. In all, a more rational pricing and tax policy is 

needed, they unanimously claim. Anderson and Fishwick 

(1984) go even further by noticing that as for the energy 

policies themselves, there is no good alternative to 

pricing policies based on social marginal costs, to which 

a tax element might be added to encourage conservation and 

to raise revenues. 

According to Shaikh (1984), an upward movement of 

wood fuel prices would be desirable for two reasons: 

(1) to better reflect wood scarcity~ since wood is "a free 

good" at collection, its price does not reflect the 

deforestation~ (2) to promote adoption of more efficient 

conversion devices (kilns, woodstoves, charcoal stoves). 

The premise being, if. prices could be sharply increased, 

urban consumption of woodfuels would fall, while farmers 

would find it profitable to plant trees for sale (French 



348 

1984). Encouraging the production of fuelwood as a cash 

crop for sale in urban areas and probably in the rural 

areas themselves would appear to be an essential element 

in any strategy with any hope of having a significant 

impact on the fuelwood problem (Shaikh 1984). In fact, 

proper economic pricing of woodfuel could be the basic 

prerequisite for conserving it through the use of substi

tutes. 

Even though I agree with the principles of the 

price policy, I am nonetheless skeptical on its .adoption 

and implementation. Knowingly, the loggers and woodfuels 

retailers will lobby very hard to prevent such a move from 

the governments, even if the International Monetary Fund 

(IMF) requires it. It was noted in earlier chapters that 

people by the millions are involved in gathering the wood. 

There is no way that the governments could administer a 

tax, a fee, a permis de coupe on this wood to raise its 

price. Maybe, such a policy could apply to the cities, 

provided that the woodfuels follow a limited number of 

routes to the urban markets. Increasing the permit will 

require the forestry department to have more staff and 

have the staff be given incentives, and more importantly 

be motivated to minimize fraud and corruption. In all, 

this idea seems tempting in itself. Further quantitative 
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studies of the price policy are necessary before rendering 

it operational. 

Training and Institution Building 

In concluding the section on the price policy, I . 

raised the issue of the incapacity of the forestry depart

ments in carrying out any price policy at their current 

status. The same is true for all the other policy recom

mendations. I am convinced that regardless of the import

ance of the programs, the amount of money poured into 

them, and the good will of the governments and the people, 

the solutions are doomed to fail without dedicated profes

sionals to carry them out. That being the case, I will 

devote this section of the chapter to a brief analysis of 

the forestry department situation and the need for train

ing and institution building. 

Until recently (and probably it is still the case 

in some countries), the structure of the forestry depart

ment reflected the colonial emphasis on preservation and 

conservation. For example, noted Winterbottom (1982).. 

most forestry agents in Burkina Faso still pride them

selves most on their knowledge of forest protection laws, 

and feel most comfortable in a uniform checking woodcut

ting permits. Then, as enforcers of forestry laws, the 

foresters have traditionally been viewed by most villagers 

as persons who should be avoided because of the fines they 
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hand out. It is known that forestry agents in Mali (and 

it is certainly the case in many other countries, 

including Mauritania) legally or illegally, often supple

ment their rather meager salaries considerably through 

taking a percentage of a fine (Anderson 1982). 

Compounding these disappointing (but alas true) 

situations, forestry departments are notoriously under

staffed and in many instances do not have the capacity or 

training to carry out tree plantation program. We are 

faced with too few incompetent forestry agents and not at 

all enough means at their disposal to efficiently control 

over-cutting and to plant trees. Because of inadequate 

data, weak monitoring capabilities, insufficient operating 

funds and shortage of trained personnel, many forestry 

administrations are unable to implement policies and 

effectively plan and manage research, training, extension 

and other forestry programs (World Resource Institute 

1985). In addition, recruiting and retaining highly qual

ified and motivated researchers, teachers, field managers, 

and extension agents is difficult, because of poor career 

opportunity, low prestige attached to forestry, and low 

salaries (World Resource Institute 1985). To sum it up, 

there are shortages of trained forestry staff, particu

larly at the vocational and technical 1 evel. Overall, 

the foresters are not dealing significantly with the 



fundamental problems of soil erosion, declining soil 

fertility, overgrazing, and overexploitation and 

destruction of forest cover. 
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With regard to the forest research institutions, 

they are weak, if they even exist. Shortages of trained 

researchers, equipment, and operating funds are common. 

High-quality committed staff must be recruited and 

retained; to do so will require that national governments 

upgrade career paths, and reward structures for all levels 

of personnel (World Resource Institute 1985). The 

research and training institutions must be linked with the 

extension services within the forestry, agriculture, live

stock, and rural development departments. 

A crucial issue in tackling these problems should 

involve radical changes of people's attitudes and institu

tions. The forestry departments should be restructured 

and its personnel reeducated so that people-oriented 

forestry could be implemented. We should create a new 

generation of foresters with more people-oriented 

training. In a sense, we need "barefoot foresters." To 

be effective, the forestry service should be strengthened. 

It is necessary to train at all levels to prepare the 

right type of technicians. The foresters and other 

natural resource agents should receive substantial 

training in extension techniques. As Shaikh and Larson 
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(1984) rightly suggested, the Service des Eaux et Forets 

should become cooperative services which work with 

villages to enhance the preservation and management of 

forest resources. I would add that they also should be 

able to provide the necessary technical and logistic 

support to the afforestation and reforestation projects. 

For example, to strengthen national training capa

bilities to meet the needs for trained personnel at all 

levels, and by the same token reverse the neglect of the 

forestry training institutions, it is necessary to: 

--organize short courses to change the attitudes 

and upgrade the skills; 

--improve the content of the programs of forestry, 

agriculture, and natural resource courses; 

--put greater emphasis on agroforestry, fuelwood 

production systems, integrated watershed manage

ment, natural forest management and conservation; 

--modify and expand the forestry training to place 

emphasis on extension skills. 

Still, tree planting may be difficult without 

sound institutional arrangements, such as rational policy 

and plans~ legislation, land tenure, incentives, sympathe

tic local and national organization, and supporting 

services (Montalembert 1982). A rigid legislation can 

adversely affect afforestation by rendering villages 
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passive and disinterested. Legal barriers can greatly 

affect afforestation programs. If land tenure regulations 

are severe and not clear, few communities would hesitate 

to plant trees. 

Another area of concern relates to the dissemi

nation of information within and between countries. 

Strengthening information dissemination in a timely way 

should include technical reference libraries, even if it 

would require considerable investment in subscriptions to 

journals (UNDP 1981). Considering the limited resources 

(human, financial, and physical), enormity of development 

work, underlying similarities of many of the problems 

across the region, the Sahel ian countries should find a 

way to pool their information together. More technical 

meetings, symposia, and expert group meetings should be 

organized on a regional or subregional level to facilitate 

information exchange relevant to the Sahel. 

Other Relevant Policy Recommendations 

It is clear that to address the wood energy 

crisis, we must confront the more complex issue of 

poverty. In the Sahel, many people live in poverty, 

characterized by poor health, malnutrition, chronic depri

vation, and shortened lives. I do not pretend to solve 

all these illnesses. Nevertheless, I realize that short

term measures will not solve the fuelwood crisis, and also 
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solutions outside forestry are essential. To quote Prior 

(1981), "rural life revolves around the use of natural 

resources; and it is difficult to isolate food production 

and for that matter fuelwood production, for example, from 

the other uses of the natural resource base. Remedies 

that are narrowly focused on energy may run at cross 

purposes to the community itself." As such, without going 

deep into each policy, I will list each one in no particu

lar priority or importance. Several of these policies are 

extracted from the various articles, books, journals and 

newspapers reviewed throughout the dissertation. others 

have been mentioned either in previous chapters or in this 

one. Furthermore, some are directed to the professional 

foresters, some to the policy-makers in the governments, 

and others to the international community. Following are 

the more relevant: 

--We need more intensive agriculture and rural 

development programs; 

--Political leadership, even though it does exist, 

should be more forthcoming. Much of the environmental 

damage, decline in agricultural productivity, and human 

suffering that the Sahelian countries are facing today 

could have been reduced or avoided by greater political 

commitment to forest conservation and development; 



--Initiate and implement integrated land-use 

planning that optimizes use of land for agriculture, 

forestry, conservation and productive activities on a 

sustainable basis~ 
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--Pay special attention to identifying small-scale 

development projects that have potential for widespread 

rep1icabi1ity~ 

--Take steps to raise the generally low financial 

commitment of national governments to forestry institu

tions~ 

--Establish a proper information base for planning 

and a system for monitoring the changes taking p1ace~ 

--Undertake surveys for a proper understanding of 

fue1wood demand: 

--Quantify more precisely the negative effects of 

deforestation on agricultural productivity, employment and 

rural incomes~ 

--Include women and their special concerns in 

planning community forestry and agroforestry programs. 

One practical reason for involving the women more fully is 

that they are becoming the effective family decision 

makers in many parts of the world. As more men are forced 

to migrate to cities in search of work, more women are 

left in charge of rural households. Women often have 

different attitudes from men about tree growing. As the 
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main gatherers and users of forest products, women may be 

more aware of energy scarcities and more receptive to 

planting efforts (Eckholm et ale 1984)~ 

--Decentralize tree seedling production and other 

forestry operations and involve individuals more directly 

in the activities through local community groups, non

governmental organizations and schools~ 

--Use lower cost technologies such as direct 

seeding and more intensive mass-production techniques to 

accelerate tree planting programs~ 

--Place greater emphasis on mUltipurpose trees to 

provide people with timber, poles, fuelwood, fruit, 

fodder, fiber, and other nonwood forest products~ 

--Seek a better coordination among development 

assistance agencies and within single agencies to avoid 

duplication of efforts. 

--Improve the quality of existing data~ extend 

data collection to fill the data gaps~ and exploit all 

available data in modeling exercises. 

--Incorporate energy prices in the models. 



CHAPTER 12 

SUMMARY AND CONCLUSIONS 

In undertaking this study, I set the goals of 

describing the current woodfue1 crisis in the Sahel, 

searching and proposing some methodologies on financial 

analysis of fuelwood plantations, deriving woodfuel demand 

functions for individual Sahelian countries and surveying 

possible recommendations to the solution of wood energy. 

This final chapter will summarize and conclude the overall 

study. 

Chapter 2 described the physical, and socio

economical characteristics of the Sahel. The region as a 

whole comprises arid and semi-arid zones which receive a 

limited amount of rainfall associated with the intertropi

cal convergence zone (ITCZ). Composed primarily of 

shrubs, thorny formations, and annual grasses, the vegeta

tion is extremely open and scattered. Current land use in 

the region (nomadic husbandry, transhumance, and sedentary 

farming) shows that life is precarious and the environment 

fragile. The main problems concern the danger of relative 

overpopulation, and in some places excessive grazing 

compounded to an agriculture with low and uncertain 
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productivities. Deforestation, soil erosion and desert

ification have led to serious short-term and long-term 

consequences. 

The scope of the fuel wood problem, presented in 

Chapter 3, discussed the magnitude of the fuelwood crisis. 

The importance of forest and forests products to the Sahel

ian people was demonstrated and the crisis in the region 

reviewed. Fuelwood consumption statistics and patterns of 

selected countries were presented. I included a section 

on harvesting, collection, and transport methods and the 

tools utilized for fuelwood gathering in the rural areas. 

The commercialization and woodfuel markets, well organized 

for the urban areas, are beginning to develop in the 

countryside with serious implications on the environment. 

In Chapter 4, I made the point that fuelwood 

harvesting has some beneficial and detrimental socio

economic impacts. Woodfuel prices have increased and 

will continue to rise, forcing large amounts of income of 

urban households to be channeled for energy at the expense 

of other basic necessities. On the other hand, the 

increased prices provide the opportunities for additional 

sources of income to rural communities. Women and 

children are spending more time and walking farther afield 

to collect wood. Lack of fuel for cooking impacts 
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adversely on the nutritional habits of the people by 

making them cut some daily meals. Overall, the economies, 

mainly at subsistence level, have suffered. 

Major environmental effects of the fuelwood 

harvesting and gathering are summarized in Chapter 5. By 

and large, the fuelwood consumption is greater than the 

sustainable level of supplies. Agricultural lands and 

agricultural productivity are shrinking dramatically. 

Continuous deforestation and overgrazing, and recurrent 

droughts accentuate the already apparent problems of 

desertification and its effects. 

Chapter 6 assessed the status of fuelwood substi

tutes in the Sahel. Cow dung and plant residues are 

important sources of cooking energy in the rural areas. 

By removing and diverting animal residues from fields, the 

soil structure degrades and leaves the fields more 

vulnerable to erosion. Charcoal, which is smokeless, 

easy to transport and having preferable burning charac

teristics makes the bulk of energy used in some coastal 

cities. Alternative substitutes ranging from cooking 

stoves to commercial energy sources are presented, and 

their impacts discussed and evaluated. Previous authors 

unanimously agree that under current situations, there is 

not yet an energy sUbstitute for fuelwood that is accep

table technically, socially, and economically. 
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Economic and financial feasibility of fuelwood 

plantations constitutes Chapter 7. Popular investments 

decision criteria in forestry management, namely, net 

present value, soil expectation value, internal rate of 

return, benefit/cost ratio, and profit maximization 

through time are discussed and evaluated. The developed 

model showed that fuelwood plantations could be finan

cially feasible. A sensitivity analysis demonstrated the 

importance of site quality and the value of the interest 

rate used. Even though I limited myself to the financial 

aspect only, I recommended that economic analysis should 

use the maximization of net social benefit criterion: this 

should be based on the principle that land should serve 

the long-term as well as the immediate needs of the 

people. My objective was to develop a methodology to 

follow rather than predict exact amounts of dollars to be 

generated from fuelwood plantations. In that respect, I 

think that the model will be an alternative worth con

sidering. 

For purposes of theoretical background, Chapter 

8 reviewed few previous studies on wood products, and 

served as a basis to my demand models. The neoclassical 

theory of demand was presented. Several studies have been 

selected and assessed: the most important were those of 

Buongiorno (1978, 1979), Laarman and Wohlgenant (1984), 

and Hosier (1985). 
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In the same theoretical lines, Chapter 9 was 

devoted to the analysis of the structural models. I made 

the point that data sources in Third ~lorld countries are 

scarce and unreliable, leading to limited hypotheses and 

risky generalizat·ions. The data sources, mainly secondary 

ones, were from various FAO, vlorld Bank, and other UN 

documents. I chose to approach the different factors 

influencing fue1wood consumption through such independent 

variables as GNP (at constant and current market prices), 

forest and woodlands area, and population. I also intro

duced the notion of indexes, and defined wood accessi

bility index (WAI), and population density sensibility 

index (PDSr). I set up my hypotheses and presented my 

models. The latter, the linear static and double log 

static models, were simple and popular. 

I summarized the empirical results in Chapter 10. 

It contains estimates of fue1wood consumption functions at 

the aggregate level and per capita/year for each country. 

Various combinations of dependent and independent variables 

were reported. At the aggregate level, population and 

woodland area were both strong explanatory variables for 

fue1wood consumption despite the noted presence of direct 

autocorrelation between them. On a per capita basis, the 

countries seem to differ probably due to the nature of 



economic structure, resource endowment, and principally 

the quality of the data available. 
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Chapter 11 presented the policy implications of 

the findings and some recommendations to possible solu

tions of the wood energy crisis in the Sahel. I dared to 

point out that population control should be the most 

urgent policy to implement to curb the increasing demands 

of woodfuels. In addition, I focused on increasing fuel

wood supplies through the development of large-scale plan

tations, village woodlots, and agroforestry programs at 

the farm level. Conservation through the management of 

natural woodlands and more efficient use of the wood, 

coupled with implementation of substitute programs had 

been assessed. Institutional building and training as 

well as changes in the government policies are other 

pertinent recommendations. 

Fuelwood is and will remain the major source of 

energy in the Sahel for the next 30 to 50 years. Vital 

links exist between the fuelwood situation and the stabil

ity of the environment that is required to sustain and 

increase food production. Unfortunately, forest resources 

are rapidly diminishing as a resul t of the cutting and a 

noticeable lack of replanting. This leads to the serious 

phenomenon of deforestation with potentially detrimental 

consequences. Deforestation has caused hardships for 
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rural populations in the arid and semi-arid countries of 

the Sahel through increased scarcity of wood, forage, and 

fodder, and depressed agricultural yields. 

The information reviewed in this dissertation 

makes clear that the fuelwood crisis in the Sahel is 

vast, important, and its solutions must be immediate. It 

revealed that the energy crisis cannot be disassociated 

with the many other common elements of poverty. Its 

partial solution would consider only an isolated subcompo

nent of the rural systems, and thus would lead to signifi

cant waste of scarce economic resources. We are faced 

with choosing sound rural development projects that can 

contribute effectively to meeting the needs of the people. 

As Earl (1975) pointed out, no policy decisions can hope 

to optimize the benefits unless they have taken into 

account all the facts. 

The measures to increase woodfuel supplies will 

not work without effective measures to reduce the demands. 

The best solution to reducing demands, unfortunately the 

least probable to be adopted and implemented given current 

conditions, is to tackle the population growth issue. Too 

many people lead to more destruction of the forests for 

more agricultural land, fuelwood, and other necessities. 

To meet their dai 1 y needs, they wi 11 be forced to further 

erode the capacity of the natural environment supporting 
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them. No matter how successful and forthcoming all the 

other solutions will be, it is certain that we will fall 

into the same trap in the long run unless we considerably 

curtail the increased and increasing number of people. 

Furthermore, short-term actions are possible and 

several have been recommended by many people, and I have 

reviewed a few here. Montalembert (1982) emphasized that 

they should include substitution as a temporary measure to 

restore fuel, wood supplies, improvement of conversion 

technologies (charcoal, stoves, and others), and organiz

ing marketing and distribution. Besides population 

control, long-term actions should include effective 

management of the natural fuelwood resources, planting 

more fast-growing drought adapted trees, and better 

management of existing and future plantations. 

Our expectations for increased supplies of 

fuelwood should be reasonable because of the inherent 

contraints to forest development in the Sahel. Among 

others, poor soil, limited rainfall, and a lack of tech

nical packages well-adapted to marginal lands in arid and 

semi-arid zones are predominant. 

More than anywhere else, government decisions may 

have a significant influence on the solution of the energy 

crisis. The big chall enge is to put the sol utions to work 

for the benefit of the people still seeking a better life. 
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As quoted from the report of the International Task Force 

convened by the joint effort of the World Resources Insti-

tute, The World Bank, and the United Nations Development 

Program: 

As important as political leadership is to a 
successful action program, the key ingredient is 
active participation by the millions of small 
farmers and landless people who daily use forest 
and trees to meet their needs. Countless rural 
development projects have failed to make a long
term impact because of inadequate involvement of 
local people. Greater attention must be given 
to creating incentives for local participation 
and ensuring that communities are involved 
meaningfully in project planning and implemen-
tation. ' 

My principal purposes have been to provide a rough 

overview of the current status of the wood energy crisis 

in the Sahel, develop methodologies for financial analyses 

of fuelwood plantation projects, and understand the 

various factors influencing consumption demand. I avoided 

using more elaborate models for fear of nonreplicability. 

I realize that the wood energy crisis is so big that my 

study would be just a modest contribution to its solution. 

Nevertheless, it is hoped that, in addition to providing 

a theoretical background to financial analysis and 

multiple regression equations, this dissertation will' 

serve to direct more attention to the problem and the need 

for more research from Sahel ian scholars. 



APPENDIX A 

Table A.l 

Economic Development (Excellent Site) (in $) 

Mean Total Net Land 
Yield

3 
Annual Revenue Total Revenue Net Expec-

Age (cu.m Incre~ent at Cost at at Present tation Forest 
(yrs) per ha) (cu.m /ha) Harvest Harvest Harvest Value Value Rent 

3 44.40 14.80 856.06 491.37 364.69 259.58 900.63 121.56 
4 73.14 18.28 1410.12 633.27 776.85 493.70 1354.53 194.21 
5 106.00 21.20 2043.68 792.20 1251.47 710.12 1641.62 250.29 
6 141.73 23.62 2732.57 970.21 1762.36 892.87 1809.73 293.73 
7 179.31 25.62 3457.15 1169.57 2287.58 1034.79 1889.50 326.80 
8 217.92 27.24 4201. 58 1392.86 2808.72 1134.39 1902.97 351.09 
9 256.91 28.55 4953.15 1642.94 3310.21 1193.69 1866.93 367.80 

10 295.74 29.57 5701.80 1923.04 3778.76 1216.66 1794.41 377.88 
11 334.01 30.36 6434.64 2236.74 4202.90 1208.23 1695.71 382.08 
12 371.40 30.95 7160.59 2588.09 4572.49 1173.65 1578.91 381.04 
13 407.68 31.36 7860.05 2981.60 4878.45 1118.01 1450.41 375.27 
14 442.67 31.62 8534.67 3422.33 5112.33 1046.08 1315.20 365.17 
15 476.25 31.75 9182.07 3915.96 5266.11 962.10 1177.16 351.07 
16 508.33 31.77 9800.70 4468.81 5331.89 869.75 1039.27 333.24 
17 538.88 31.70 10389.66 5088.01 5301.66 772.16 903.79 311.86 
18 567.87 31.55 10948.60 5781.51 5167.10 671.93 772.37 287.06 
19 595.31 31.33 11477.57 6558.23 4919.34 571.17 646.20 258.91 
20 621.21 31.06 11976.94 7428.16 4548.78 471.56 526.10 227.44 

w 
0\ 
0\ 



Table A.I--Continued 

Economic Development (Excellent Site) 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~ent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 645.61 30.74 12447.36 8402.47 4044.88 374.39 
22 668.55 30.39 12889.65 9493.71 3395.94 280.65 
23 690.08 30.00 13304.79 10715.90 2588.89 191.03 
24 710.26 29.59 13693.85 12084.75 1609.11 106.01 
25 729.15 29.17 14057.98 13617.85 440.13 25.89 
26 746.80 28.72 14398.35 15334.94 -936.58 -49.19 
27 763.29 28.27 14716.17 17258.07 -2541.90 -119.20 
28 778.66 27.81 15012.63 19411.98 -4399.34 -184.20 
29 792.99 27.34 15288.93 21824.36 -6535.43 -244.32 
30 806.34 26.88 15546.22 24526.22 -8980.00 -299.73 

Price = $19.28/m3 

Interest = 0.12 

Land 
Expec-
tation 
Value 

412.58 
305.93 
206.25 
113.49 

27.51 
-51.92 

-125.06 
-192.25 
-253.80 
-310.08 

(in $) 

Forest 
Rent 

192.61 
154.36 
112.56 

67.05 
17.61 

-36.02 
-94.14 

-157.12 
-225.36 
-299.33 

W 
0'1 
'-l 
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Table A.2 

Economic Development (Good Site) 

Mean Total Net 
Yield

3 
Annual Revenue .Total Revenue 

Age (cu.m Incre~ent at Cost at at 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest 

3 26.46 8.82 510.24 491.37 18.87 
4 44.40 11.10 856.06 633.27 222.79 
5 65.51 13.10 1263.10 792.20 470.89 
6 89.14 14.86 1718.59 970.21 748.38 
7 114.71 16.39 2211.55 1169 .. 57 1041.98 
8 141. 73 17.72 2732.57 1392.86 1339.71 
9 169.79 18.87 3273.59 1642.94 1630.64 

10 198.53 19.85 3827.75 1923.04 1904.71 
11 227.66 20.70 4389.24 2236.74 2152.49 
12 256.91 21.41 4953.15 2588.09 2365.06 
13 286.07 22.01 5515.38 2981.60 2533.77 
14 314.96 22.50 6072.49 3422.33 2650.15 
15 343.45 22.90 6621.66 3915.96 2705.71 
16 371.40 23.21 7160.59 4468.81 2691.78 
17 398.72 23.45 7687.40 5088.01 2599.39 
18 425.34 23.63 8200.63 5781.51 2419.13 
19 451.20 23.75 8699.14 6558.23 2140.91 
20 476.25 23.81 9182.07 7428.16 1753.91 

Land 
Net Expec-
Present tation 
Value Value 

13.43 46.60 
141.58 388.46 
267.20 617.69 
379.15 768.50 
471.34 860.66 
541.09 907.68 
588.03 919.67 
613.27 904.49 
618.79 868.45 
607.05 816.67 
580.68 753.32 
542.27 681.78 
494.32 604.82 
439.09 524.67 
378.59 443.13 
314.58 361.61 
248.57 281.23 
181.82 202.85 

(in $) 

Forest 
Rent 

6.29 
55.70 
94.18 

124.73 
148.85 
167.46 
181.18 
190.47 
195.68 
197.09 
194.91 
189.30 
180.38 
168.24 
152.91 
134.40 
112.68 
87.70 

W 
0\ 
00 



Table A.2--Continued 

Economic Development (Good Site) 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue 

Age (cu.m Incre~ent at Cost at at 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest 

21 500.46 23.83 9648.80 8402.47 1246.32 
22 523.80 23.81 10098.92 9493.71 605.21 
23 546.28 23.75 10532.22 10715.90 -183.68 
24 567.87 23.66 10948.60 12084.75 -1136.14 
25 588.60 23.54 11348.12 13617.85 -2269.73 
26 608.45 23.40 11730.92 15334.94 -3604.02 
27 627.45 23.24 12097.23 17258.07 -5160.84 
28 645.61 23.06 12447.36 19411.98 -6964.62 
29 662.95 22,,86 12781.66 21824.36 -9042.69 
30 679.49 22.65 13100.55 24526.22 -11425.67 

Price = $19.2B/m3 

Interest = 0.12 

Land 
Net Expec-
Present tation 
Value Value 

115.36 127.13 
50.02 54.52 

-13.55 -14.63 
-74.85 -80.13 

-133.51 -141.86 
-189.29 -199.78 
-242.01 -253.92 
-291.60 -304.35 
-338.05 -351.17 
-381.37 -394.53 

(in $) 

Forest 
Rent 

59.35 
27.51 
-7.99 

-47.34 
-90.79 

-138.62 
-191.14 
-248.74 
-311.82 
-380.86 

W 
0\ 
\0 
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Table A.3 

Economic Development (Poor Site) 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue 

Age (cu.m Incre~ent at Cost at at 
(yrs) per ha) (cu.m /ha) Harvest Harvest Harvest 

3 12.47 4.16 240.43 491.37 -250.93 
4 21.32 5.33 411.06 633.27 -222.21 
5 32.05 6.41 617.84 792.20 -174.36 
6 44.40 7.40 856.06 970.21 -114.15 
7 58.17 8.31 1121.44 1169.57 -48.13 
8 73.14 9.14 1410.12 1392.86 17.26 
9 89.14 9.90 1718.59 1642.94 75.64 

10 106.00 10.60 2043.68 1923.04 120.64 
11 123.58 20.70 2382.53 2236.74 145.79 
12 141.73 11.81 2732.57 2588.09 144.48 
13 160.35 12.33 3091.47 2981.60 109.87 
14 179.31 12.81 3457.15 3422.33 34.82 
15 198.53 13.24 3827.75 3915.96 -88.21 
16 217.92 13.62 4201.58 4468.81 -267.23 
17 237.40 13.96 4577.16 5088.01 -510.85 
18 256.91 14.27 4953.15 5781.51 -828.36 
19 276.37 14.55 5328.38 6558.23 -1229.85 
20 295.74 14.79 5701.80 7428.16 -1726.36 

Land 
Net Expec-
Present tation 
Value Value 

-178.61 -619.70 
-141.22 -387.45 
-98.94 -228.72 
-57.83 -117.22 
-21.77 -39.76 

6.97 11.69 
27.28 42.66 
38.84 57.29 
41.91 58.82 
37.08 49.89 
25.18 32.66 

7.12 8.96 
-16.12 -19.72 
-43.59 -52.09 
-74.40 -87.09 

-107.72 -123.82 
-142.79 -161.55 
-178.97 -199.66 

(in $) 

Forest 
Rent 

-83.64 
-55.55 
-34.87 
-19.03 
-6.88 

2.16 
8.40 

12.06 
13.25 
12.04 
8.45 
2.49 

-5.88 
-16.70 
-30.05 
-46.02 
-64.73 
-86.32 

w 
~ 
o 



Table A.3--Continued 

Economic Development (Poor Site) 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue 

Age (cu.m Incre~ent at Cost at at 
(yrs) per ha) (cu.m /ha) Harvest Harvest Harvest 

21 314.96 15.00 6072.49 8402.47 -2329.99 
22 334.01 15.18 6439.64 9493.71 -3054.07 
23 352.83 15.34 6802.54 10715.90 -3913.36 
24 371.40 15.47 7160.59 12084.75 -4924.16 
25 389.69 15.59 7513.24 13617.85 -6104.61 
26 407.68 15.68 7860.05 15334.94 -7474.89 
27 425.34 15.75 8200.63 17258.07 -9057.43 
28 442.67 15.81 8534.67 19411.98 -10877.31 
29 459.64 15.85 8861.88 21824.36 -12962.47 
30 476.25 15.87 9182.07 24526.22 -15344.15 

Price = $19.28/m3 

Interest = 0.12 

Land 
Net Expec-
Present tation 
Value Value 

-215.66 -237.66 
-252.40 -275.13 
-288.76 -311.76 
-324.41 -347.29 
-359.09 -381.54 
-392.59 -414.35 
-424.74 -445.63 
-455.43 -475.33 
-484.58 -503.40 
-512.16 -529.84 

(in $) 

Forest 
Rent 

-110.95 
-138.82 
-170.15 
-205.17 
-244.18 
-287.50 
-335.46 
-388.48 
-446.98 
-511.47 

W 
-...J 
I-' 



Age 
Yield

3 (cu.m 
(yrs) per hal 

3 8.74 
4 14.79 
5 22.03 
6 30.25 
7 39.27 
8 48.94 
9 59.13 

10 69.71 
11 80.58 
12 91.66 
13 102.86 
14 114.11 
15 125.35. 
16 136.54 
17 147.62 
18 158.56 
19 169.34 
20 179.91 

APPENDIX A 

Table A.4 

Economic Development (Extremely Poor Site) 

Mean Total Net 
Annual Revenue Total Revenue NE~t 

Incre~ent at Cost at at Present 
(cu.m /ha) Harvest Harvest Harvest Value 

2.91 168.43 491.37 -322.94 -229.86 
3.70 285.25 633.27 -348.03 -221.18 
4.41 424.75 792.20 -367.45 -208.50 
5.04 583.15 970.21 -387.06 -196.10 
5.61 757.06 1169.57 -412.51 -186.60 
6.12 943.53 1392.86 -449.33 -131.48 
6.57 1139.93 1642.94 -503.01 -181.39 
6.97 1343.98 1923.04 -579.06 -186.44 
7.33 1553.65 2236.74 -683.09 -196.37 
7.64 1767.20 2588.09 -820.89 -210.70 
7.91 1983.09 2981.60 -998.51 -228.83 
8.15 2200.00 3422.33 -1222.34 -250.11 
8.36 2416.77 3915.96 -1499.19 -273.90 
8.53 2632.42 4468.81 -1836.39 -299.56 
8.68 2846.10 5088.01 -2241.91 -326.52 
8.81 3057.10 5781.51 -2724.41 -354.28 
8.91 3264.81 6558.23 -3293.42 -382.39 
9.00 3468.73 7428.16 -3959.43 -410.46 

Land 
Expec-
tation 
Value 

-797.51 
-606.82 
-482.00 
-397.46 
-340.72 
-304.43 
-283.69 
-274.98 
-275.60 
-283.46 
-296.87 
-314.46 
-335.12 
-357 .. 94 
-382.18 
-407.24 
-432.62 
-457.93 

(in $) 

Forest 
Rent 

-107.65 
-87.01 
-73.49 
-64.51 
-58.93 
-56.17 
-55.89 
-57.91 
-62.10 
-68.41 
-76.81 
-87.31 
-99.95 

-114.77 
-131.88 
-151.36 
-173.34 
-197.97 

W 
-.J 
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Table A.4--Continued 

Economic Development (Extremely Poor Site) 

Mean Total Net 
Yie1d

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~ent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 190.27 9.06 3668.43 8402.47 -4734.04 -438.18 
22 200.39 9.11 3863.58 9493.71 -5630.13 -465.29 
23 210.26 9.14 4053.91 10715.90 -6661.99 -491.57 
24 219.88 9.16 4239.19 12084.75 -7845.55 -516.88 
25 229.22 9.17 4419.29 13617.85 -9198.56 -541.09 
26 238.28 9.16 4594.08 15334.94 -10740.86 -564.12 
27 247.07 9.15 4763.49 17258.07 -12494.58 -585.92 
28 255.57 9.13 4927.48 19411.98 -14484.49 -606.46 
29 263.80 9.10 5086.05 21824.36 -12962.47 -484.58 
30 476.25 15.87 5239.22 24526.22 -19286.99 -643.76 

Price = $19.28/m3 

Interest = 0.12 

Land 
Expec-
tation 
Value 

-482.88 
-507.20 
-530.74 
-553.34 
-574.91 
-595.39 
-614.74 
-632.96 
-503.40 
-665.99 

(in $) 

Forest 
Rent 

-225.43 
-255.92 
-289.65 
-326.90 
-367.94 
-413.11 
-462.76 
-517.30 
-446.98 
-642.90 

w 
....,J 
w 



APPENDIX A 

Table A.5 

Economic Development (Base Case) - 5% Increase 
in Stumpage Price (in $) 

Mean Total Net Land 
Yield

3 
Annual Revenue Total Revenue Net Expec-

Age (cu.m Incre~ent at Cost at at Present tation Forest 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value Value Rent 

3 18.92 6.31 382.99 491.37 -108.38 -77.14 -267.65 -36.13 
4 32.05 8.01 648.60 633.27 15.33 9.74 26.73 3.83 
5 47.72 9.54 965.82 79-2.20 173.62 98.52 227.75 34.72 
6 65.51 10.92 1325.99 970 .. 21 355.78 180.25 365.34 59.30 
7 85.05 12.15 1721.44 1169.57 551.87 249.64 455.84 78.84 
8 106.00 13.25 2145.44 1392.86 752.58 303.95 509.89 94.07 
9 128.06 14.23 2592.03 1642.96 949.08 342.25 535.27 105.45 

10 150.99 15.10 3056.00 1923.04 1132.96 364.78 538.01 113.30 
11 174.54 15.87 3532.76 2236.74 1296.02 372.58 522.90 117.82 
12 198.53 16054 4018.34 2588.09 1430.25 367.11 493.87 119.19 
13 222.79 17.14 4509.24 2981.60 1527.64 350.10 454.18 117.51 
14 247.16 17.65 5002.45 3422.33 1580.11 323.32 406.50 112.87 
15 271.51 18.10 5495.35 3915.96 1579.40 288.55 353.05 105.29 
16 295.74 18.48 5985.71 4468.81 1516.90 247.44 295.67 94.81 
17 319.74 18.81 6471.59 5088.01 1383.58 201.51 235.86 81.39 
18 343.45 19.08 6951.37 5781.51 1169.86 152.13 174.87 64.99 
19 366.78 19.30 7423.67 6558.23 865.44 100.48 113.68 45.55 
20 389.69 19.48 7887.34 7428.16 459.19 47.60 63.11 22.96 

w 
'-I 
~ 



Table A.5--Continued 

Economic Development (Base Case) - 5% Increase 
in Stumpage Price 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.m Increwent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 8341.44 8402.47 -61.04 -5.65 
22 434.05 19.73 8785.18 9493.71 -708.54 -58.56 
23 455.43 19.80 9217.95 10715.90 -1497.95 -110.53 
24 219.88 19.84 9639.26 12084.75 -2445.48 -161.11 
25 496.48 19.86 10048.77 13617.85 -3569.08 -209.95 
26 516.12 19.85 10446.21 15334.94 -4888.72 -256.76 
27 535.15 19.82 10831.43 17258.07 -6426.64 -301.37 
28 553.57 19.77 11204.32 19411.98 -8207.65 -343.65 
29 571.39 19.70 11564.89 21824.36 -10259.46 -383.53 
30 588.60 19.62 11913.17 24526.22 -12613.04 -421.00 

Price = $20.24/m3 

Interest = 0.12 

Land 
Expec-
tat ion 
Value 

-6.23 
-63.83 

-119.34 
-172.48 
-223.07 
-270.99. 
-316.20 
-358.67 
-398.43 
-435.53 

(in $) 

Forest 
Rent 

-2.91 
-32.21 
-65.13 

-101.90 
-142.76 
-188.03 
-238.02 
-293.13 
-353.77 
-420.43 

W 
-...J 
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APPENDIX A 

Table A.6 

Economic Development (Base Case) - 10% Increase 
in Stumpage Price (in $) 

Mean Total Net Land 
Yield

3 
Annual Revenue Total Revenue Net Expec-

Age (cu.m Incre~ent at Cost at at Present tat ion Forest 
(yrs) per ha) (cu.m /ha) Harvest Harvest Harvest Value Value Rent 

3 18.92 6.31 401.34 491.37 -90.03 -64.08 -222.33 -30.01 
4 32.05 8.01 679.69 633.27 46.42 29.50 80.93 11.60 
5 47.72 9.54 1012.11 792.20 219.91 124.78 288.46 43.98 
6 65.51 10.92 1389.54 970.21 419.33 212.45 430.60 69.89 
7 85.05 12.15 1803.94 1169.57 634.37 286.96 523.98 90.62 
8 106.00 13.25 2248.26 1392.86 855.40 345.48 579.55 106.92 
9 128.06 14.23 2716.25 1642.94 1073.31 387.05 605.34 119.26 

10 150.99 15.10 3202.45 1923.04 1279.42 411.94 607055 127.94 
11 174.54 15.87 3702.07 2236.74 1465.33 421.25 591.20 133.21 
12 198.53 16054 4210.92 2588.09 1622.83 416.54 560.37 135.24 
13 222.79 17.14 4725.35 2981.60 1743.74 399.62 518.43 134.13 
14 247.16 17.65 5242.19 5422.33 1819.86 372.38 468.18 129.99 
15 271.51 18.10 5758.72 3915.96 1842.76 336.67 411.92 122.85 
16 295.74 18488 6272.57 4468.81 1803.76 294.23 351.58 112.74 
17 319.74 18.81 6781. 74 5088.01 1693.73 246.68 288.74 99.63 
18 343.45 19.08 7284.51 5781.51 1503.01 195.45 224.67 83.50 
19 366.78 19.30 7779.45 6558.23 1221.22 141.79 160.42 64.27 
20 389.69 19.48 8265.34 7428.16 837.19 86.79 96.83 41.86 

w 
-.J 
0"1 



Table A.6--Continued 

Economic Development (Base Case) - 10% Increase 
in Stumpage Price 

Mean Total Net 
Yie1d

3 
Annual Revenue Total Revenue Net 

Age (cu.m IncrelJent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 8741.20 8402.47 338.72 31.35 
22 434.05 19.73 9206.20 9493.71 -287.51 -23.76 
23 455.43 19.80 9659.71 10715.90 -1056.18 -77.93 
24 476.25 19.84 10101.23 12084.75 -1983.52 -130.68 
25 496.48 19.86 10530.36 13617.85 -3087.50 -181.62 
26 516.12 19.85 10946.85 15334.94 -4388.09 -230.47 
27 535.15 19.82 11350.52 17258.07 -5907.55 -277.03 
28 553.57 19.77 11741.29 19411.98 -7670.69 -321.17 
29 571.39 19.70 12119.14 2:1824.36 -9705.22 -362.81 
30 588.60 19.62 12484.11 24526.22 -12042.11 -401.94 

Price = $21.21/m3 

Interest = 0.12 

Land 
Expec-
tation 
Value 

34.55 
-25.90 
-84.14 

-139.90 
-192.97 
-253.24 
-290.66 
-335.20 
-376.90 
-415.82 

(in $) 

Forest 
Rent 

16.13 
-13.07 
-45.92 
-82.65 

-123.50 
-168.77 
-218.80 
-273.95 
-334.66 
-401.40 

W 
...J 
...J 



APPENDIX A 

Table A.7 

Economic Development (Base Case) - 10% Decrease 
in Site Preparation and Establishment Costs (in $) 

Mean Total Net Land 
Yie1d

3 
Annual Revenue Total Revenue Net Expec-

Age (cu.m Incre~ent at Cost at at Present tation Forest 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value Value Rent 

3 18.92 6.31 364.82 484.10 -119.28 -84.90 -294.58 -39.76 
4 32.05 8.01 617.84 625.14 -7.30 -4.64 -12.72 -1.82 
5 47.72 9.54 920.01 783.09 136.92 77.69 179.61 27.38 
6 65.51 10.92 1263.10 960.00 303.09 153.56 311.24 50.52 
7 85.05 12.15 1639.79 1158.14 481.65 217.87 397.83 68.81 
8 106.00 13.25 2043.68 1380.06 663.62 268.02 449.62 82.95 
9 128.06 14.23 2469.09 1628.61 840.48 303.09 474.02 93.39 

10 150099 15.10 2911.05 1906.98 1004.07 323.28 476.80 100.41 
11 174.54 15.87 3365.20 2218.76 1146.44 329.58 462.55 104.22 
12 198.53 16.54 3827.75 2567.95 1259.80 323.36 435.02 104.98 
13 222.79 17.14 4295.36 2959.04 1336.32 306.25 397.30 102.79 
14 247.16 17.65 4765.18 3397.07 1368.11 279.94 351.96 97.72 
15 271.51 18.10 5234.70 3887.66 1347.05 246.10 301.11 89.80 
16 295.74 18.48 5701.80 4437.12 1264.68 206.30 246.51 79.04 
17 319.74 18.81 6164.64 5052.51 1112.13 161.98 189.59 65.42 
18 343.45 19.08 6621.66 5741.75 879.91 114.42 131.53 48.88 
19 366.78 19~30 7071.56 6513.70 557.86 64.77 73.28 29.36 
20 389.69 19.48 7513.24 7378.28 134.96 13.99 15.61 6.75 

w 
-..J 
00 



Table A.7--Continued 

Economic Development (Base Case) - 10% Decrease 
in Site Preparation and Establishment Costs 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.ro Incre~ent at Cost at at Present 
(yrs) per hal (cu.ro !ha) Harvest Harvest Harvest Value 

21 412.13 19.63 7945.79 8346.62 -400.82 -37.10 
22 434.05 19.73 8368.49 9431.15 -1062.67 -87.82 
23 455.43 19.80 8780.73 10645.83 -1865.10 -137.62 
24 476.25 19.84 9182.07 12006.27 -2824.21 -186.06 
25 496.48 19.86 9572.15 13529.96 -3975.81 -232.81 
26 516.12 19.85 9950.74 15236.50 -5285.76 -277.61 
27 535.15 19.82 10317.68 17147.82 -6830.14 -320.29 
28 553.57 19.77 10672.89 19288.50 -8615.60 -360.73 
29 571.39 19.70 11016.36 21686.06 -10669.70 -398.87 
30 588.60 19.62 11348.12 24371.32 -13023.20 -434.69 

Price = $19.28/m3 

Interest = 0.12 

Land 
Expec-
tation 
Value 

-40.88 
-95.73 

-148.59 
-199.19 
-247.36 
-293.00 
-336.05 
-376.49 
-414.36 
-449.70 

(in $) 

Forest 
Rent 

-19.09 
-48.30 
-81.09 

-117.68 
-158.31 
-203.30 
-252.97 
-307.70 
-367.92 
-434.11 

W 
-..J 
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APPENDIX A 

Table A.8 

Economic Development (Base Case) -
10% Decrease in Annual Costs (in $) 

Mean Total Net Land 
Yield

3 
Annual Revenue Total Revenue Net Expec-

Age (cu.m Incre~ent at Cost at at Present tat ion Forest 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value Value Rent 

3 18.92 6.31 364.82 463.39 -98.57 -70.16 -243.43 -32.86 
4 32.05 8.01 617.84 593.65 24.19 15.37 42.18 6.05 
5 47.72 9.54 920.01 739.54 180.48 102.41 236.74 36.10 
6 65.51 10.92 1263.10 902.93 360.16 182.47 369.84 60.03 
7 85.05 12.15 1639.79 1085.93 553.86 250.54 457.48 79.12 
8 106.00 13.25 2043.68 1290.90 752.78 304.04 510.03 94.10 
9 128.06 14.23 2469.09 1520.45 948.63 342.09 535.02 105.40 

10 150.99 15.10 2911.05 1777.56 1133.49 364.95 538.26 113.35 
11 174.54 15.87 3365.20 2065.52 1299.69 373.63 524.37 118.15 
12 198.53 16.54 3827.75 2388.03 1439.72 369.54 497.14 119.98 
13 222.79 17.14 4295.36 2749.24 1546.12 354.33 459.68 118.93 
14 247.16 17.65 4765.18 3153.80 1611.38 329.72 414.54 115.10 
15 271.51 18.10 5234.70 3606.91 1627.80 297.39 363.87 108.52 
16 295.74 18.48 5701.80 4114.39 1587.41 258.94 309.41 99.21 
17 319.74 18.81 6164.64 4682.76 1481.88 215.83 252.62 87.17 
18 343.45 19.08 6621.66 5319.34 1302.32 169.35 194.67 72.35 
19 366.78 19.30 7071.56 6032.31 1039.25 120.66 136.51 54.70 
20 389.69 19.48 7513.24 6830.84 682.40 70.74 78.92 34.12 

w 
00 
0 



Table A.8--Continued 

Economic Development (Base Case) -
10% Decrease in Annual Costs 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~ent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 7945.79 7725.19 200.60 20.42 
22 434.05 19.73 8368.49 8726.87 -358.38 -29.62 
23 455.43 19.80 8780.73 9848.74 -1068.01 -78.81 
24 476.25 19.84 9182.07 11105.24 -1923.17 -126.70 
25 496.48 19.86 9572.15 12512.52 -2940.37 -172.96 
26 516.12 19.85 9950.74 14088.67 -4137.93 -217.33 
27 535.15 19.82 10317.68 15853.96 -5536.28 -259.62 
28 553.57 19.77 10672.89 17831.08 -7158.19 -299.71 
29 571.39 19.70 11016.36 20045.46 -0929.11 -337.54 
30 588.60 19.62 11348.12 22525.57 -11177.45 -373.08 

Price = $19.28/m3 

Interest = 0.12 

Land 
Expec-
tat ion 
Value 

22.50 
-32.29 
-85.08 

-135.64 
-183.77 
-229.37 
-272.39 
-312.81 
-350.65 
-385.96 

(in $) 

Forest 
Rent 

10.50 
-16.29 
-46.44 
-80.13 

-117.61 
-159.15 
-205.05 
-255.65 
-311.35 
-372.58 

w 
co 
I-' 



APPENDIX A 

Table A.9 

Economic Development (Base Case) - 10% Decrease in 
Preparation/Establishment and Annual Costs (in $) 

Mean Total Net Land 
Yie1d

3 
Annual Revenue Total Revenue Net Expec-

Age (cu.m Increwent at Cost at at Present tat ion Forest 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value Value Rent 

3 18.92 6.31 364.82 456.13 -91.31 -64.99 -255.49 -30.44 
4 32.05 8.01 617.84 585.52 32.32 20.54 56.36 8.08 
5 47.72 9.54 920.01 730.43 189.59 107.58 248.69 37.92 
6 65.51 10.92 1263.10 892.73 370.37 187.64 380.32 61.73 
7 85.05 12.15 1639.79 1074.51 565.29 255.71 466.92 80.76 
8 106.00 13.25 2043.68 1278.10 765.58 309.21 518.70 95.70 
9 128.06 14.23 2469.09 1506.12 962.97 347.26 543.11 107.00 

10 150.99 15.10 2911.05 1761.50 1149.55 370.12 545.88 114.95 
11 174.54 15.87 3365.20 2047.53 1317.67 378.80 531.63 119.79 
12 198.53 16.54 3827.75 2367.89 1459.86 374.71 504.10 121.66 
13 222.79 17.14 4295.36 2726.68 1568.68 359.50 466.38 120.67 
14 247.16 17.65 4765.18 3128.53 1636.65 334.89 421.04 116.90 
15 271.51 18.10 5234.70 3578.61 1656.10 302.56 370.20 110.41 
16 295.74 .18.48 5701.80 4082.69 1619.11 264.11 315.59 101.19 
17 319.74 18.81 6164.64 4647.26 1517.37 221.00 258.67 89.26 
18 343.45 19.08 6621.66 5279.59 1342.08 174.52 200.61 74.56 
19 366.78 19.30 7071.56 5987.79 1083.77 125.83 142.36 57.04 
20 389.69 19.48 7513.24 6780.97 732.27 75.91 84.69 36.61 

w 
00 
to.> 



Table A.9--Continued 

Economic Development (Base Case) - 10% Decrease in 
Preparation/Establishment and Annual Costs 

Mean Total Net 
Yie1d

3 
Annual Revenue Total Revenue Net 

Age (cu.m Increwent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 7945.79 7669.34 276.46 25.59 
22 434.05 19.73 8368.49 8664.31 -295.82 -24.45 
23 455.43 19.80 8780.73 9778.67 -997.94 -73.64 
24 476.25 19.84 9182.07 11026.76 -1844.70 -121.53 
25 496.48 19.86 9572.15 12424.63 -2852.48 -167.79 
26 516.12 19.85 9950.74 13990.23 -4039.49 -212.16 
27 535.15 19.82 10317.68 15743.71 -5426.03 -254.45 
28 553.57 19.77 10672.89 17707.60 -7034.71 -294.54 
29 571.39 19.70 11016.36 19907.17 -8890.81 -332.37 
30 588.60 19.62 11348.12 22370.68 -11022.56 -367.91 

Price = $19.28/m3 

Interest = 0.12 

Land 
Expec-
tation 
Value 

28.20 
-26.65 
-79.50 

-130.10 
-178.28 
-223.92 
-266.96 
-307.41 
-345.28 
-380.61 

(in $) 

Forest 
Rent 

13.16 
-13.45 
-43.39 
-76.86 

-114.10 
-155.36 
-200.96 
-251.24 
-306.58 
-367.42 

w 
00 
w 



Age 
Yield

3 (cu.m 
(yrs) per hal 

3 18.92 
4 32.05 
5 47.72 
6 65.51 
7 85.05 
8 160.00 
9 128.06 

10 150.99 
11 174.54 
12 198.53 
13 222.79 
14 247.16 
15 271.51 
16 295.74 
17 319.74 
18 343.45 
19 366.78 
20 389.69 

APPENDIX A 

Table A.10. 

Economic Development (Base Case) - 10% Interest Rate 

Mean Total Net 
Annual Revenue Total Revenue Net 
Incre~ent at Cost at at Present 
(cu.m fha) Harvest Harvest Harvest Value 

6.31 364.82 442.93 -78.11 -69.44 
8.01 617.84 543.59 74.25 63.47 
9.54 920.01 648.27 271. 74 223.35 

10.92 1263.10 757.14 505.95 399.86 
12.15 1639.79 870.37 769.43 584.70 
13.25 2043.68 988.12 1055.56 771.28 
14.23 2469.09 1110.59 1358.50 954.46 
15.10 2911.05 1237.95 1673.10 1130.28 
15.87 3365.20 1370.41 1994.79 1295.78 
16.54 3827.75 1508.17 2319.58 1448.80 
17.14 4295.36 1651.43 2643.93 1587.88 
17.65 4765.18 1800.43 2964.75 1712.07 
18.10 5234.70 1955.39 3279.32 1820.89 
18.48 5701.80 2116.54 3585.26 1914.20 
18.81 6164.64 2284.14 3880.49 1992.14 
19.08 6621.66 2458.45 4163.21 2055.08 
19.30 7071.56 2639.73 4431.83 2103.54 
19.48 7513.24 2828.26 4684.98 2138.17 

Land 
Expec-
tat ion 
Value 

-625.56 
437.14 

1254.28 
1906.96 
2435.42 
2863.93 
3209.22 
3483.84 
3697.80 
3859.33 
3975.40 
4051.99 
4094.32 
4106.91 
4093.78 
4058.44 
4004.01 
3933.25 

(in $) 

Forest 
Rent 

-26.04 
18.56 
54.35 
84.33 

109.92 
131.94 
150.94 
167.31 
181.34 
193.30 
203.30 
211. 77 
218.62 
224.08 
228.26 
231.29 
233.25 
234.25 

w 
00 
~ 



Table A.I0--Continued 

Economic Development (Base Case) - 10% Interest Rate 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~ent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 7945.79 3024.33 4921.47 2159.71 
22 434.05 19.73 8368.49 3228.24 5140.25 2168.95 
23 455.43 19.80 8780.73 3440.31 5340.42 2166.75 
24 476.25 19.84 9182.07 3660.86 5521.20 2153.94 
25 496.48 19.86 9572.15 3890.24 5681.91 2131.38 
26 516.12 19.85 9950.74 4128.79 5821.96 2099.92 
27 535.15 19.82 10317.68 4376.88 5940.80 2060.37 
28 553.57 19.77 10672.89 4634.89 6038.00 2013.54 
29 571.39 19.70 11016.36 4903.23 6113.13 1960.18 
30 588.60 19.62 11348.12 5182.30 6165.82 1901.04 

Price = $19.28/m3 

Interest = 0.10 

Land 
Expec-
tat ion 
Value 

3848.60 
3752.23 
3646.05 
3531. 75 
3410.85 
3284.66 
3154.33 
3020.96 
2885.39 
2748.43 

(in $) 

Forest 
Rent 

234.36 
233.65 
232.19 
230.05 
227.28 
223.92 
220.03 
215.64 
210.80 
205.53 

w 
00 
V1 



APPENDIX A 

Table A.ll 

Economic Development (Base Case) - 8% Interest Rate 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~~nt at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

3 18.92 6.31 364.82 466.66 -101.84 -80.85 
4 32.05 8.01 617.84 586.94 30.90 22.71 
5 47.72 9.54 920.01 716.83 203.18 138.28 
6 65.51 10.92 1263.10 857.12 405.98 255.84 
7 85.05 12.15 1639.79 1008.63 631.17 368.28 
8 106.00 13.25 2043.68 1172.26 871.42 470.80 
9 128.06 14.23 2469.09 1348.98 1120.11 560.33 

10 150.99 15.10 2911.05 1539.84 1371.21 635.14 
11 174.54 15.87 3365.20 1745.96 1619.24 694.46 
12 198.53 16.54 3827.75 1968.58 1859.17 738.30 
13 222.79 17.14 4295.36 2209.01 2086.36 767.15 
14 247.16 17.65 4765.18 2468.67 2296.51 781.87 
15 271.51 18.10 5234.70 2749.10 2485.60 783.57 
16 295.74 18.48 5701.80 3051.97 2649.83 773.46 
17 319.74 18.81 6164.64 3379.07 2785.57 752.85 
18 343.45 19.08 6621.66 3732.33 2889.33 723.05 
19 366.78 19.30 7071.56 4113.86 2957.70 685.34 
20 389.69 19.48 7513.24 4525.91 2987.33 640.93 

Land 
Expec-
tation 
Value 

-392.14 
85.73 
432.92 
691.76 
884.21 

1024.08 
1121.22 
1183.17 
1215.97 
1224.61 
1213.26 
1185.48 
1144.30 
1092.29 
1031.69 

964.39 
892.03 
816.00 

(in $) 

Forest 
Rent 

-33.95 
7.73 

40.64 
67.66 
90.17 

108.93 
124.46 
137.12 
147.20 
154.93 
160.49 
164.04 
165.61 
165.71 
163.86 
160.52 
155.67 
149.37 

w 
co 
m 



Table A.11--Continued 

Economic Development (Base Case) - 8% Interest Rate 

Mean Total Net 
Yie1d

3 
Annual Revenue Total Revenue Net 

Age (cu.m Increwent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 7945.79 4970.92 2974.88 590.98 
22 434.05 19.73 8368.49 5451.53 2916.96 536.55 
23 455.43 19.80 8780.73 5970.60 2810.14 478.61 
24 476.25 19.84 9182.07 6531.18 2650.88 418.04 
25 496.48 19.86 9572.15 7136.62 2435.53 355.63 
26 516.12 19.85 9950.74 7790.49 2160.26 292.07 
27 535.15 19.82 10317.68 8496.67 1821.02 227.97 
28 553.57 19.77 10672.89 9259.34 1413.55 163.85 
29 571.39 19.70 11016.36 10083.03 933.33 100.17 
30 588.60 19.62 11348.12 10972.61 375.51 37.32 

Price = $19.28/m3 

Interest = 0.08 

Land 
Expec-
tation 
Value 

737.48 
657.48 
576.86 
496.31 
416.44 
337.73 
260.59 
185.33 
112.22 

41.44 

(in $) 

Forest 
Rent 

141.66 
132.59 
122.18 
110.45 

97.42 
83.09 
67.45 
50.48 
32.18 
12.52 

w 
00 
-..J 



APPENDIX A 

Table A.12 

Economic Development (Base Case) - 11% Interest Rate 

Mean Total Net 
Yie1d

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~ent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

3 18.92 6.31 364.82 485.10 -120.28 -87.95 
4 32.05 8.01 617.84 621.40 -3.56 -2.35 
5 47.72 9.54 920.01 772.69 147.32 : 87.43 
6 65.51 10.92 1263.10 940.63 322.47 172.40 
7 85.05 12.15 1639.79 1127.04 512.76 246.97 
8 106.00 13.25 2043.68 1333.95 709.72 307.97 
9 128.06 14.23 2469.09 1563.63 905.46 353.97 

10 150.99 15.10 2911.05 1818.57 1092.48 384.75 
11 174.54 15.87 3365.20 2101.55 1263.65 400.94 
12 198.53 16.54 3827.75 2415.66 1412.09 403.63 
13 222.79 17.14 4295.36 2764.32 1531.04 394.27 
14 247.16 17.65 4765.18 3151.34 1613.84 374.40 
15 271.51 18.10 5234.70 3580.93 1653.78 345.65 
16 295.74 18.48 5701.80 4057.77 1644.03 309.56 
17 319.74 18.81 6164.64 4587.06 1577.57 267.61 
18 343.45 19.08 6621.66 5174.58 1447.08 221.15 
19 366.78 19.30 7071.56 5826.72 1244.84 171.39 
20 389.69 19.48 7513.24 6550.60 962.64 119.40 

Land 
Expec-
tation 
Value 

-327.17 
-6.87 

215.05 
370.47 
476.47 
544.04 
581.15 
593.93 
587.27. 
565.18 
531.01 
487.50 
436.98 
381.37 
322.28 
261.04 
198.75 
136.31 

(in $) 

Forest 
Rent 

-40.09 
-0.89 
29.46 
53.74 
73.25 
88.72 

100.61 
109.25 
114.88 
117.67 
117.77 
115.27 
110.25 
102.75 

92.80 
80.39 
65.52 
48.13 

w 
CD 
00 



Table A.12--Continued 

Economic Development (Base Case) - 11% Interest Rate 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.ro Incre~ent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 7945.79 7354.11 591.69 66.12-
22 434.05 19.73 8368.49 8246.00 122.49 12.33 
23 455.43 19.80 8780.73 9236.00 -455.27 -41.29 
24 476.25 19.84 9182.07 10334.90 -1152.83 -94.19 
25 496.48 19.86 9572.15 11554.68 -1982.53 -145.93 
26 516.12 19.85 9950.74 12908.63 -2957.89 -196.15 
27 535.15 19.82 10317.68 14411.52 -4093.84 -244.57 
28 553.57 19.77 10672.89 16079.73 -5406.84 -291.00 
29 571.39 19.70 11016.36 17931.44 -6915.08 -335.30 
30 588.60 19.62 11348.12 19986.84 -8638.72 -377.36 

Price = $19.28/m3 

Interest = 0.11 

Land 
Expec-
tat ion 
Value 

74.43 
13.71 

-45.41 
-102.57 
-157.53 
-210.08 
-260.11 
-307.56 
-352.38 
-394.60 

(in $) 

Forest 
Rent 

28.18 
5.57 

-19.79 
-48.03 
-79.30 

-113.77 
-151.62 
-193.10 
-238.45 
-287.96 

w 
00 
\D 



APPENDIX A 

Table A.13 

Economic Development (Base Case) - 13% Interest Rate 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~ent at Cost at at Present 
(yrs) per ha) (cu.m /ha) Harvest Harvest Harvest Value 

3 18.92 6.31 364.82 497.70 -132.88 -92.09 
4 32.05 8.01 617.84 645.34 -27.50 -16.86 
5 47.72 9.54 920.01 812.17 107.84 58.53 
6 65.51 10.92 1263.10 1000.69 262.40 126.04 
7 85.05 12.15 1639.79 1213.72 426.07 181.11 
8 106.00 13.25 2043.68 1454.45 589.23 221.64 
9 128.06 14.23 2469.09 1726.47 742.62 247.21 

10 '150.99 15.10 2911.05 2033.85 877.20 258.41 
11 174.54 15.87 3365.20 2381.19 984.02 256.53 
12 198.53 16.54 3827.75 2773.68 1054.07 243.18 
13 222.79 17.14 4295.36 3217.20 1078.17 220.12 
14 247.16 17.65 4765.18 3718.37 1046.80 189.13 
15 271.51 18.10 5234.70 4284.70 950.00 151.90 
16 295.74 18.48 5701.80 4924.65 777.14 109.96 
17 319.74 18.81 6164.64 5647.80 516.84 64.72 
18 343.45 19.08 6621.66 6464.95 156.71 17.37 
19 366.78 19.30 7071.56 7388.34 -316.78 -31.06 
20 389.69 19.48 7513.24 8431.76 -918.52 -79.71 

Land 
Expec-
tation 
Value 

-300.01 
-43.61 
128.01 
242.53 
315.00 
355.29 
370.56 
366.33 
346.99 
316.11 
276.59 
230.84 
180.81 
128.09 

73.98 
19.53 

-34.44 
-87.29 

(in $) 

Forest 
Rent 

-44.29 
-6.87 
21.57 
43.73 
60.87 
73.65 
82.51 
87.72 
89.46 
87.84 
82.94 
74.77 
63.33 
48.57 
30.40 

8.71 
-16.67 
-45.93 

W 
\.0 
o 



Table A.13--Continued 

Economic Development (Base Case) - 13% Interest Rate 

Mean Total Net 
Yield Annual Revenue Total Revenue Net 

Age (cu.m3 Increwent at Cost at at Present 
(yrs) per ha) (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 7945.79 9610.83 -1665.04 -127.87 
22 434.05 19.73 8368.49 10943.18 -2574.69 -174.98 
23 455.43 19.80 8780.73 12448.73 -3668.00 -220.61 
24 476.25 19.84 9182.07 14150.01 -4967.94 -264.42 
25 496.48 19.86 9572.15 16072.45 -6500.30 -306.18 
26 516.12 19.85 9950.74 18244.81 -8294.06 -345.72 
27 535.15 19.82 10317.68 20699.57 -10381.89 -382.96 
28 553.57 19.77 10672.89 23473.46 -12800.56 -417.86 
29 571.39 19.70 11016.36 26607.95 -15591.59 -450.42 
30 588.60 19.62 11348.12 30149.92 -18801.80 -480.67 

Price = $19.28/m3 

Interest = 0.13 

Land 
Expec-
tat ion 
Value 

-138.51 
-187.74 
-234.73 
-279.28 
-321.31 
-360.76 
-397.63 
-431.96 
-463.82 
-493.28 

(in $) 

Forest 
Rent 

-45.93 
-117.03 
-159.48 
-207.00 
-260.01 
-319.00 
-384.51 
-457.16 
-537.64 
-626.73 

w 
\0 ..... 



APPENDIX A 

Table A.14 

Economic Development (Base Case) - 15% Interest Rate 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~ent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

3 18.92 6.31 364.82 510.54 -145.72 -95.81 
4 32.05 8.01 617.84 670.07 -52.23 -29.86 
5 47.72 9.54 920.01 853.51 66.50 33.06 
6 65.51 10.92 1263.10 1064.48 198.61 85.87 
7 85.05 12.15 1639.79 1307.09 332.70 125.07 
8 106.00 13.25 2043.68 1586.10 457.58 149.58 
9 128.06 14.23 2469.09 1906.95 562.13 159.79 

10 150.99 15.10 2911.05 2275.94 635.11 156.99 
11 174.54 15.87 3365.20 2700.27 664.94 142.92 
12 198.53 16.54 3827.75 3188.25 639.50 119.53 
13 222.79 17.14 4295.36 3749.42 545.94 88.73 
14 247.16 17.65 4765.18 4394.78 370.40 52.35 
15 271.51 18.10 5234.70 5136.93 97.77 12.02 
16 295.74 18.48 5701.80 5990.41 -288.62 -30.84 
17 319.74 18.81 6164.64 6971.92 -807.28 -75.02 
18 343.45 19.08 6621.66 8100.64 -1478.98 -119.51 
19 366.78 19.30 7071.56 9398.68 -2327.12 -163.52 
20 389.69 19.48 7513.24 10891.42 -3378.18 -206.41 

Land 
Expec-
tation 
Value 

-279.76 
-69.73 

65.75 
151.26 
200.42 
222.23 
223.26 
208.54 
182.05 
147.00 
105.95 

60.96 
13.70 

-34.53 
-82.70 

-130.02 
-175.87 
-219.84 

(in $) 

Forest 
Rent 

-48.57 
-13.06 

13.30 
33.10 
47.53 
57.20 
62.46 
63.51 
60.45 
53.29 
42.00 
26.46 

6.52 
-18.04 
-47.49 
-82.17 

-122.48 
-168.91 

w 
\0 
t\J 



Table A.14--Continued 

Economic Development (Base Case) - 15% Interest Rate 

Mean Total Net 
Yield

3 
Annual Revenue Total Revenue Net 

Age (cu.m Incre~ent at Cost at at Present 
(yrs) per hal (cu.m /ha) Harvest Harvest Harvest Value 

21 412.13 19.63 7945.79 12608.08 -4662.28 -247.71 
22 434.05 19.73 8368.49 14582.23 -6213.74 -287.08 
23 455.43 19.80 8780.73 16852.50 -8071.77 -324.28 
24 476.25 19.84 9182.07 19463.32 -10281.25 -359.17 
25 496.48 19.86 9572.15 22465.75 -12893.60 -391.68 
26 516.12 19.85 9950.74 25918.56 -15967.82 -421.80 
27 535.15 19.82 10317.68 29889.28 -19571.60 -449.56 
28 553.57 19.77 10672.89 34455.61 -23782.72 -475.03 
29 571.39 19.70 11016.36 39706.90 -28690.54 -498.31 
30 588.60 19.62 11348.12 45745.87 -34397.75 -519.51 

Price ! 3 = $19.28/m 
Interest = 0.15 

Land 
Expec-
tat ion 
Value 

-261.61 
-300.98 
-337.85 
-372.17 
-403.95 
-433.24 
-460.13 
-484.71 
-507.12 
-527.48 

(in $) 

Forest 
Rent 

-222.01 
-282.44 
-350.95 
-428.39 
-515.74 
-614.15 
-724.87 
-849.38 
-989.33 

-1146.59 

W 
\0 
W 



APPENDIX B 

Table B.l--Data on Burkina Faso 

1969 1970 1971 1972 1973· 

Population (1000) 5371 5413 5535 5661 5792 
Population

2
density 

(bab./kIn /total area) 19.58 19.74 20.19 20.64 21.12 
GNP at constant market 

prices (per capita) 64.82 63.91 63.7 69.83 78.96 
Fuel~ ~d charcoal 

(1000 m ) 4850 4942 5042 5152 5268 
Total area (1000 hal 27420 27420 27420 27420 27420 
Forest and \\OOdland 

(1000 hal 7800 7740 7684 7663 7620 
GNP at current market 

prices (per capita) 62.91 63.91 66.14 77.87 90.73 
Fuel~ cons~ion 

per capita (m ) 0.902 0.974 0.911 0.91 0.909 
WOod Accessibility Index 7.669 7.61 7.555 7.534 7.492 
Population Density 

Sensibility Index 0.907 0.914 0.935 0.956 0.978 

1974 1975 

5929 6074 

. 21.62 22.15 

76.23 84.96 

5378 5488 
27420 27420 

7560 7500 

97.6 117.31 

0.907 0.904 
7.433 7.374 

1.001 1.026 

1976 

6227 

22.71 

80.98 

5614 
27420 

7440 

121.03 

0.902 
7.315 

1.052 

W 
\0 
~ 



Table B.l--continued 

1977 1978 1979 1980 

PofUlation (10oo) 6387 6554 6728 6908 
PofU1 ation

2
density 

(bab./kIn /total area) 23.29 23.9 24.54 25.19 
GNP at constant market 

prices (per capita) 78.04 88.82 96.91 92.95 
Fuel\\OOd ~d charcoal 

(1000 m ) 5764 5870 6006 6424 
'lbtal area (1000 hal 27420 27420 27420 27420 
Forest and \\OCrlland 

(lOOO hal 7380 7355 7260 7200 
GNP at current market 

prices (per capita) 136.62 178.38 209.23 221.77 
Fue1\\OOd cons~ion 

per capita (m ) 0.902 0.896 0.893 0.93 
Wood Accessibility Index 7.256 7.231 7.138 7.079 
PofU1ation Density 

Sensibility Index 1.078 1.107 1.137 1.167 

1981 1982 

7094 7285 

25.85 26.57 

77.1 78.18 

6594 6778 
27420 27420 

7140 7084 

240 232 

0.929 0.929 
7.02 6.965 

1.197 1.23 

1983 

7358 

26.57 

76.98 

6948 
27420 

7020 

218 

0.929 
6.902 

1.242 

W 
\0 
lJ1 



APPENDIX B 

Table B.2--Data on Chad 

1969 1970 1971 1972 

Population (1000) 3627 3643 3717 3793 
Population

2
Density 

(hab./km /tota1) 2.82 2.84 2.89 2.95 
GNP at constant market 

prices (per capita) 72.56 70.38 67.57 74.43 
Fue1v.ax1 ~d charcoal 

(1000/m ) 5791 5792 5907 6033 
'lbta1 area (1000 ha) 128400 128400 128400 128400 
FOrest and WcxXUand 

(1000 ha) 21400 21350 21250 21130 
GNP at current market 

prices (per capita) 70.58 74.03 77.5 90.11 
Consreion of fuelv.ax1 

(m /hab) per cap 1.597 1.589 1.589 1.59 
'lbta1 area (sahara out) 61503.6 61503.6 61503.6 61503.6 
Wood Accessibility Index 1.48 1.476 1.469 1.461 
Wood Accessibility Index 

(Sahara out) 3.089 3.082 3.068 3.051 
Population Density 

Sensibility Index 0.392 0.394 0.401 0.409 

1973 1974 

3870 3949 

3.01 3.08 

75.07 71.5 

6161 6294 
128400 128400 

21100 21000 

97 95.82 

1.592 1.594 
61503.6 61503.6 

1.459 1.452 

3.046 3.032 

0.418 0.428 

1975 

4030 

3.14 

84.98 

6430 
128400 

20907 

123.1 

1.595 
61503.6 

1.445 

3.018 

0.436 

1976 

4111 

3.2 

77.05 

6577 
128400 

20820 

121.5 

1.599 
61503.6 

1.439 

3.006 

0.444 

W 
\0 
m 



Table B.2--continued 

1977 1978 1979 1980 

Population (1000) 4194 4278 4365 4455 
Population

2
Density 

(bab./krn /total) 3.27 3.33 3.4 3.47 
GNP at constant market 

prices (per capita) 74.83 81.43 58.37 55.24 
Fuelwood ~d charcoal 

(1000/m ) 6727 6890 7050 7215 
'lbtal area (1000 ha) 128400 128400 128400 128400 
Forest and \,locxlland 

(1000 hal 20740 20640 20580 20500 
GNP at current market 

prices (per capita) 127.4 155.4 127.83 112.71 
Cons~ion of fuel\\OOd 

(m /hab) per cap 1.604 1.61 1.615 1.615 
'lbtal area (Sahara out) 61503.6 61503.6 61503.6 61503.6 
WOod Accessibility Index 1.434 1.427 1.423 1.417 
WOod Accessibility Index 

(Sahara out) 2.994 2.98 2.971 2.959 
Population Density 

Sensibility Index 0.454 0.463 0.472 0.482 

1981 1982 

4549 4600 

3.54 3.58 

38.3 47.5 

7358 7435 
128400 128400 

20420 20300 

87.05 80 

1.617 1.616 
61503.6 61503.6 

1.412 1.404 

2.948 2.931 

0.492 0.497 

1983 

4789 

3.73 

52.68 

7635 
128400 

20260 

83 

1.594 
61503.6 

1.401 

2.925 

0.518 

w 
\0 
-..J 



APPENDIX B 

Table B.3--Data on The Gambia 

1969 1970 1971 1972 1973 

Population (1000) 449 450 463 478 493 
Population

2
density 

(bab./kIn /total area) 39.73 39.82 40.97 42.3 43.63 
GNP at constant market 

prices (per capita) 176.67 179.87 194.35 208.25 255.31 
Fuel~ ~d charcoal 

(1000 m ) 639 649 670 693 715 
'Ibtal area (1000 ha) 1130 1130 1130 1130 1130 
Ebrest and ~and 

(1000 ha) 274 270 268 260 257 
GNP at current market 

prices (per capita) 108.48 119.3 112.6 122.8 152.88 
Fuel consumptio~ 

per capita (m ) 1.423 1.442 1.447 1.406 1.45 
VKxn Accessibility Index 8.433 8.31 8.248 8.002 7.91 
Population Density 

Sensibility Index 1.475 1.479 1.521 1.57 1.619 

1974 1975 

509 534 

45.04 46.11 

306.15 263.07 

738 760 
1130 1130 

251 245 

226.96 231.96 

1.459 1.459 
7.725 7.541 

1.672 1.711 

1976 

548 

47.3 

229.67 

784 
1130 

239 

229.7 

1.468 
7.356 

1.756 

W 
\D 
00 



Table B.3--continued 

1977 1978 1979 1980 

Ibpulation (1000) 548 562 576 591 
Ibpulation

2
density 

(bab./kIn /total area) 48.5 49.73 51 52.3 
GNP at constant market 

prices (per capita) 226.1 223.4 285.98 278.53 
Fuel\'.UOd f;d charcoal 

(1000 m ) 806 830 847 864 
'lbtal area (1000 hal 1130 1130 1130 1130 
Forest and woodland 

(1000 hal 233 228 222 216 
GNP at current market 

prices (per capita) 275.83 291.98 362.6 383.34 
Fuel consumptio~ 

per capita (m ) 1.471 1.477 1.47 1.462 
WOod Accessibility Index 7.171 7.018 6.833 6.648 
Ibpulation Density 

Sensibility Index 1.8 1.846 1.893 1.941 

1981 1982 

604 620 

53.45 54.87 

221.4 241.5 

888 923 
1130 1130 

210 207 

370 360 

1.47 1.488 
6.464 6.371 

1.984 2.037 

1983 

630 

55.75 

252.84 

947 
1130 

198 

346.74 

1.503 
6.094 

2.069 

W 
..0 
..0 



APPENDIX B 

Table B.4--Data on Mali 

1969 1970 1971 1972 

Population (1000) 5143 5362 5494 5629 
Population density 

(hab./krn2/total area) 4.15 4.32 4.43 4.54 
GNP at current market 

prices (per capita) 53.12 52.21 56.7 68.6 
FUel\'.UOd ~d charcoal 

(1000 rn ) 14298 14648 14998 15360 
'lbtal area (1000 hal 124000 124000 124000 124000 
Ebrest and \'.UOdland 

(1000 hal 9200 9174 9118 9094 
GNP at constant market 

prices (per capita) 59 59.5 60.72 68.58 
Consumption of ~el\'.UOd 

per capita (rn ) 2.78 2.732 2.73 2.728 
~kod Accessibility Index 0.58 0.578 0.575 0.573 
Population Density 

Sensibility Index 0.673 0 .. 701 0.719 0.737 
'lbtal area (Sahara out) 

(1000 hal 55428 55428 55428 55428 
Wood Accessibility Index 

(Sahara out) 1.298 1.294 1.286 1.283 

1973 1974 

5768 5910 

4.65 4.77 

77.3 71.57 

15733 16126 
124000 124000 

9080 9040 

73.07 64.6 

2.727 2.728 
0.573 0.57 

0.755 0.774 

55428 55428 

1.281 1.275 

1975 

6055 

4.88 

106.86 

16539 
124000 

9000 

79.05 

2.731 
0.567 

0.792 

55428 

1.269 

1976 

6216 

5.01 

118.43 

16975 
124000 

8960 

79.13 

2.73 
0.565 

0.813 

55428 

1.264 

oj::>. 
o 
o 



Table B.4--continued 

1977 1978 1979 1980 

Population (1000) 6387 6450 6565 6699 
Populaticn

2
density 

(bab./kIn /total area) 5.15 5.2 5.3 5.4 
GNP at constant market 

prices (per capita) 130.36 149.5 189.31 199.4 
Fuel\\QCld ~ charcoal 

(1000 m ) 17433 17914 18413 18928 
'Ibtal area (1000 hal 124000 124000 124000 124000 
Fbrest and wocxlland 

(1000 hal 8920 8874 8840 8000 
GNP at current market 

prices (per capita) 80.73 84.44 96.22 93.22 
Consl.lIl'g?tion of ~el\\OJd 

per capita (m ) 2.729 2.777 2.805 2.825 
Wood Accessibility Index 0.562 0.559 0.557 0.505 
Population Density 

Sensibility Index 0.836 0.844 0.86 0.877 
'Ibtal area (Sahara out) 

(1000 hal 55428 55428 55428 55428 
Wood Accessibility Index 

(Sahara out) 1.298 1.252 1.247 1.129 

1981 1982 

6881 7100 

5.55 5.73 

190 180 

19228 19617 
124000 124000 

8760 8704 

70.73 82.06 

2.794 2.762 
0.552 0.548 

0.9 0.93 

55428 55428 

1.235 1.227 

1983 

7290 

5.88 

187 

20067 
124000 

8680 

90.15 

2.752 
0.547 

0.954 

55428 

1.225 

~ 
o 
..... 



1969 

Pop.1lation (1000) 1214 
Pop.1lation density 

(hab./km2/total area) 1.18 
GNP at constant market 

prices (per capita) 168.48 
Fue1v.ood ~d charcoal 

(1000 m ) 459 
'lbta1 area (1000 hal 103070 
Forest and v.oodland 

(1000 hal 22150 
GNP at current market 

prices (per capita) 165.41 
Consumption of r:e1v.ood 

per capita (m ) 0.378 
Wood Accessibility Index 0.092 
Population Density 

Sensibility Index 2.878 
'lbta1 area (Sahara out) 

(1000 ha) 24531 
\rood Accessibility Index 

(Sahara out) 0.388 

APPENDIX B 

Table B.5--Iata on Mauritania 

1970 1971 1972 1973 

1245 1278 1312 1347 

1.21 1.24 1.27 1.31 

171.41 163.62 189.03 195.48 

476 486 495 505 
103070 103070 103070 103070 

21370 21170 20520 20289 

161.32 167.32 197.4 195.48 

0.392 0.38 0.377 0.375 
0.089 0.088 0.086 0.085 

2.951 3.024 3.098 3.195 

24531 24531 24531 24531 

9·374 0.371 0.359 0.355 

1974 1975 

1383 1359 

1.34 1.32 

217.92 206.53 

515 526 
103070 103070 

19968 19407 

259.64 293.07 

0.372 0.387 
0.083 0.08 

3.268 3.219 

24531 24531 

0.35 0.34 

1976 

1389 

1.35 

214.07 

537 
103070 

19170 

333.78 

0.386 
0.079 

3.293 

24531 

0.336 

~ 
o 
I\) 



Table B.5--COntinued 

1977 1978 1979 1980 

Population (1000) 1421 1455 1489 1523 
Population density 

(hab./km2/total area) 1.38 1.41 1.41 1.48 
GNP at current market 

prices (per capita) 198.52 183.45 190.22 192.75 
Fuel\\OOd ~d charcoal 

(.1000 m ) 549 560 572 588 
'lbtal area (1000 hal 103070 103070 103070 103070 
Forest and w:x:xlland 

(1000 hal 18911 18453 18325 18091 
GNP at constant market 

prices (per capita) 331.98 333.54 363.68 408.35 
Consumption of t;el\\OOd 

per capita (m ) 0.386 0.385 0.384 0.386 
vkod Accessibility Index 0.078 0.077 0.076 0.075 
Population Density 

Sensibility Index 3.366 3.439 3.512 3.609 
'lbtal area (Sahara out) 

(1000 hal 24531 24531 24531 24531 
WOod Accessibility Index 

(Sahara out) 0.331 0.323 0.321 0.317 

1981 1982 

1560 1588 

1.51 1.54 

194.26 192.75 

605 678 
103070 103070 

17850 16725 

460 450 

0.388 0.427 
0.074 0.069 

3.683 3.756 

24531 24531 

0.312 0.293 

1983 

1634 

1.59 

188.08 

780 
103070 

15134 

449 

0.477 
0.063 

3.878 

24531 

0.265 

~ 
o 
w 



APPENDIX B 

Table B.6--Data on Niger 

1969 1970 1971 1972 

Population (1000) 3997 4008 4120 4235 
Popu1ation

2
density 

(bab./kIn /total area) 3.15 3.16 3.25 3.34 
GNP at constant narket 

prices (per capita) 91.75 94.15 96.99 97.85 
Fue1\rOJd ~d charcoal 

(1000 m ) 2063 2062 2177 2175 
'Ibta1 area (1000 hal 126700 126700 126700 126700 
Fbrest and woodland 

(1000 ha) 13560 12670 12450 12220 
GNP at current market 

prices (per capita) 93 91.28 96.03 97.85 
Consumption of ~e1\\OOd 

per capita (m ) 0.516 0.514 0.528 0.513 
WOod Accessibility Index 0.552 0.516 0.507 0.498 
Population Density 

Sensibility Index 1.634 1.637 1.684 1.73 
'Ibta1 area (Sahara out) 

(1000 ha) 44345 44345 44345 44345 
WOod Accessibility Index 

(Sahara out) 1.579 1.474 1.448 1.422 

1973 1974 

4353 4474 

3.44 3.53 

91.72 85.93 

2236 2300 
126700 126700 

12000 11744 

121.37 119.88 

0.514 0.514 
0.488 0.478 

1.782 1.829 

44345 44345 

1.396 1.366 

1975 

4725 

3.73 

92.63 

2366 
126700 

11560 

137.01 

0.5 
0.471 

1.933 

44345 

1.345 

1976 

4877 

3.85 

85.28 

2434 
126700 

11350 

146.29 

0.499 
0.462 

1.995 

44345 

1.320 

~ 
o 
~ 



Table B.6--COntinued 

1977 1978 1979 1980 

Population (1000) 5039 5198 5363 5532 
Population density 
(hab./km2/to~ area) 3.97 4.1 4.23 4.37 

GNP at current market 
prices (per capita) 85.71 101.87 113.7 117.04 

FUe1~ ~d charcoal 
(1000 m ) 2505 2580 2656 3199 

'lbtal area (1000 ha) 126700 126700 126700 126700 
Forest and woodland 

(1000 ha) 11150 11000 10880 10802 
GNP at constant market 

prices (per capita) 174.97 235.15 289.05 326.63 
Constnnption of ~e1wood 

per capita (m ) 0.497 0.496 0.495 0.578 
Good Accessibility Index 0.454 0.448 0.443 0.44 
Population Density 

Sensibility Index 2.061 2.124 2.192 2.264 
'lbta1 area (Sahara out) 

(1000 hal 44345 44345 44345 44345 
Wood Accessibility Index 

(Sahara out) 1.297 1.279 1.266 1.256 

1981 1982 

5704 5770 

4.5 4.55 

91.55 94.62 

3298 3396 
126700 126700 

10746 10717 

330 315 

0.5782 0.589 
0.438 0.436 

2.332 2.36 

44345 44345 

1.25 1.247 

1983 

5940 

4.69 

97.45 

3500 
126700 

10661 

328 

0.589 
0.434 

2.429 

44345 

1.24 

oJ::> 
o 
U1 



APPENDIX B 

Table B.7--Iata on Senegal 

1969 1970 1971 1972 1973 

Fopulation (1000) 4267 4391 4409 4552 4696 
Fopulation

2
density 

(bab./kIn /total area) 21.75 22.38 22.47 23.2 23094 
GNP at constant market 

prices (per capita) 198.42 197.31 194.4 226.13 231.07 
Fuel~ ~d charcoal 

(1000 m ) 2178 2208 1981 2025 1961 
'lbtal area (1000 ha) 19619 19619 19619 19619 19619 
Forest and woodland 

(1000 hal 7050 6930 6840 6740 6655 
GNP at current market 

prices (per capita) 198.16 192.14 194.4 235.54 258.14 
Fuel~ cons~ion 

per capita (m ) 0.51 0.503 0.45 0.445 0.418 
WOod Accessibility Index 8.53 8.39 8.28 8.16 8.06 
Fopulation Density 

Sensibility Index 1.115 1.147 1.152 1.189 1.228 

1974 1975 

4838 4977 

24.66 25.37 

216.69 254.34 

2107 2078 
19619 19619 

6582 6455 

280.54 369.94 

0.417 0.417 
7.97 7.814 

1.265 1.301 

1976 

5107 

26.03 

242.12 

2137 
19619 

6299 

371.41 

0.418 
7.63 

1.335 

~ 
o 
0\ 



Table B.7--continued 

1977 1978 1979 1980 

Population (1000) 5250 5397 5548 5703 
Population

2
density 

(bab./kIn /total area) 26.76 27.51 28.28 29.07 
GNP at constant narket 

prices (per capita) 232.98 234.94 255.89 231.78 
Fuel\\OJd ~d charcoal 

(1000 m ) 2166 2154 2280 3200 
'Ibtal area (1000 hal 19619 19619 19619 19619 
Ebrest and woodland 

(1000 ha) 6197 6111 6050 6002 
GNP at current narket 

prices (per capita) 364.41 392.36 455.7 461.55 
Fuel\\OJd cons~ion 

per capita (m ) 0.412 0.399 0.411 0.561 
~kod Accessibility Index 7.5 7.39 7.32 7.27 
Population Density 

Sensibility Index 1.372 1.411 1.45 1.491 

1981 1982 

5862 6040 

29.88 30.79 

167.81 178.84 

3280 3353 
19619 19619 

5942 5942 

430 435 

0.559 0.555 
7.19 7.19 

1.532 1.578 

1983 

6193 

31.57 
I 

192.79 

3373 
19619 

5942 

420 

0.545 
7.19 

1.619 

~ 
o 
-.J 
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